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Chapter 1 — Introduction to OLI
Studio: ScaleChem

About This Manual

This manual uses OLI Studio: ScaleChem to model real world scaling situations while learning
scaling theory and science, and the reasoning for making certain decisions with the software.
Explanations of theory, science, software decisions, and ScaleChem features appear in plain text.
Checkmarks (v') accompany systematic tasks. Sidebars and remarks are shaded.

In Chapters 2-5, we model a hypothetical field and learn about basic ScaleChem tools. We model
a new field in Chapter 6 then combine the two fields together in Chapter 7. Chapters 8-11 use real
world field examples. Chapters 20 discusses Alkalinity calculations.

If you have not yet installed the software, please install it following the instructions given in
Installation and Security page in our Wikipage at:
http://wiki.olisystems.com/wiki/Installation _and_security.

OLI Studio Components

The OLI Studio is a software suite containing several modules including, Stream Analyzer,
ScaleChem and Corrosion Analyzer. A client’s license determines which modules are enabled
within the OLI Studio Software.

Stream Analyzer

Stream Analyzer is standalone software, and it is the main interface of the OLI Studio. Stream
Analyzer is a comprehensive thermodynamic tool that calculates speciation, phase equilibria,
enthalpies, heat capacities and densities in mixed-solvent, multicomponent systems. Capabilities
and features of Stream Analyzer are:

e Three different thermodynamic frameworks:
o Agueous (AQ) model
o Mixed Solvent Electrolyte (MSE) model
o Mixed Solvent Electrolyte and Soave-Redlich-Kwong (MSE-SRK) model
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¢ Thermophysical properties: Stream Analyzer has thermophysical models to predict surface
tension, interfacial tension, viscosity, electrical conductivity, thermal conductivity, diffusivity, and
osmotic pressure.

o Molecular and ionic inflows: Stream Analyzer accepts molecular inflows, typical of a process

stream, and ion inflows, typical of a sample water analysis.

ScaleChem

ScaleChem is a simulation software tool that predicts scaling problems during oil and gas
production. ScaleChem simulates fluid production from the reservoir to the sales point, and
computes the phase mass balance, scale tendencies, and scale mass of production fluid at each
location in the production line. Capabilities and features of ScaleChem are:

e Brine, gas and oil analysis

e Scaling scenarios

o Compatibility testing of brines using the stream mixing function

e Phase equilibrium calculation used to perform four-phase reservoir saturation, from which as
whole fluid reservoir composition is determined

e Contour plots to study produced brine properties across a broad temperature and pressure range

Corrosion Analyzer

Corrosion Analyzer is a module within the OLI Studio. A separate license enables this module.
Corrosion Analyzer is first-principles corrosion prediction tool. It is used to predict the corrosion
rates of general corrosion, propensity of alloys to undergo localized corrosion, depletion profiles of
heat-treated alloys, and thermodynamic stability of metals and alloys. It enables users to address
the causes of aqueous corrosion by identifying its mechanistic reasons. As a result, users take
informed action on how to mitigate or eliminate this risk.

Corrosion Analyzer calculates corrosion by quantifying the bulk chemistry, transport phenomena,
and surface reactions through a thermophysical and electrochemical module.

The thermophysical module calculates the aqueous solution speciation and obtains concentrations,
activities and transport properties of the reacting species.

e The electrochemical module simulates partial oxidation and reduction process on the metal
surface.

The tool reproduces the active-to-passive transition and the effects of solution species on passivity.

Effects of temperatures, pressure, pH, concentration, and velocity on corrosion are also included.
Capabilities and features of Corrosion Analyzer are:

Generation of Pourbaix (E vs pH) diagrams
Calculation of general corrosion rates
Localized corrosion susceptibility

Heat treatment effect

Generation of polarization curves plots
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What is OLI Studio: ScaleChem?

OLI Systems, Inc. is an electrolyte-thermodynamics research company. The OLI Studio is its flagship
software suite. When we open the OLI Studio, a splash screen indicates the available subsets or
modules that our license enables. These subsets include Stream Analyzer, Corrosion Analyzer, and
Studio ScaleChem. The modules all share a common interface.

OLI Studio

process chemistry corrosion scale

We use the phrase Studio ScaleChem (SSC) to distinguish it from the original ScaleChem or
ScaleChem Standard. ScaleChem Standard predicted the four-phase chemistry of produced fluids.
The software covered the chemistry specific to oil and gas production and their respective mineral
phases. In 2012-2013, OLI product developers incorporated ScaleChem technology into the OLI
Studio.

The Shell Oil Company originally developed the technique to predict high temperature and pressure
effects on brines. In the 1980s, OLI linked this technigue to its own predictive aqueous model. In the
1990s, OLI replaced this model with a rigorous temperature and pressure model, the Helgeson-
Kirkham-Flowers Equation of State. OLI refit all accepted mineral scaling experimental data to the
new model. The model has been the industry mainstay ever since and is considered the standard
for such calculations.

Why Use Studio ScaleChem?

Scale problems arise when fluid, initially in equilibrium with its environment, is disturbed and
becomes unstable. The unstable fluid results in H.O, CO,, and HS partitioning across the water,
oil, and gas phases, corrosion of metal surfaces, and precipitation/dissolution of solids. SSC
recognizes all three effects, which are all important to the oil and gas production professional.

Precipitates form when mineral-forming elements increase the concentration of produced waters
beyond supersaturation, or the saturation point. The primary causes of supersaturation are
pressure, temperature, phase partitioning, and fluid mixing. SSC quantifies the effects on mineral
scale potential while calculating the physical and chemical properties of fluid and gas phases.
Industry professionals can use the software’s calculations to help determine the best methods to
deal with scaling situations.
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General View of the OLI Studio User Interface

In the OLI Studio Software, the OLI Studio Desktop User Interface provides the environment to
create, analyze and interpret the results of your application chemistry. In this manual, an overview
of the different windows and tools that you will be using within the software, as well as how to
navigate the OLI Studio User Interface, will be provided here.

The initial screen shows several panes or boxes, some of which we can minimize, pin, and move
using the corner icons or by selecting View > Toolbars from the Menu Bar. Most of the screenshots
used in this manual will not show the Object Library, Plot Template Manager, and Calculation
Output Pane

& OLI Studio - [Document1) - m] X
B File Edit Streams Calculations Chemistry Tools View Window Help Menu Bar - & X
S R R A Quick Access Toolbar
g lavigator T 2= yObject Ubrary T - x
ob . ’
Nawgatcr Panel Document1 | J My Objects Obje‘:t lerary
&2 Streams Description Standard Objects
Mane: |Streams Date: | Thursday , | @ @
Arabian Gulf Basic
Description SeaWater...  Preduc..
' . @ @
Dry Air Extended
I Produc...
— — v Moist Air  Pseudo
Actions Panel | ons < N (50% hu... Components
le] 3] : W @
i | Wl Summarny
Add Stream  Add Mixer SeaWater  Seawater
(Molecul..
v Automatic Chemistry Mode!
Agueous (H+ ion) Databanks: @ @
Plot Temp|at9 motTemD\ate Manager g ~x Aqueous (H+ ion)
M Using K-fit Polynomials Standard Water
anager T-span: 25.0 - 225.0 Seawat... Analysis
P-span: 1.0 - 1500.0
Save
x
v
i Calculation Output Panel
5
S ]
For Help, press F1 @ NUM

The screenshot shown above is what you will see when you first start OLI Studio. You can
customize the desktop to your own needs. The windows can be resized, moved, docked and
detached.
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Panels Relevant to OLI Studio: ScaleChem

The most important panes are described below. The training manual or instructor will provide
further details about components of each pane. More information is also available by selecting
Help > Help Topics from the menu bar, or by contacting OLI technical support.

Navigator

This pane contains the icons and names of each action in a hierarchical tree. This pane displays
active Analyses (Brine, Gas, and Oil) and Calculation (Scale Scenario, Saturators, etc.) objects. OLI
refers to Analysis and Calculation objects as Streams, which we “add” to the Navigator.

Mavigator Filename A star next to a filename indicates that the file has
AnalyzerStudio1* /been modified but not yet saved

6t Streams < Global Streams Level Provides the broadest view of objects
i Brine 1 in the Navigator
422 Gas-1 “ Stream Level Where we enter chemistry
_:11; Facilities-1 Calculation Level After completing calculations, the
______ | Scenario-1 software automatically adds daughter or sub-streams. We
can view sub-streams by clicking the “+” sign to the left of the
Navigator View with SSC objects parent stream, as shown below
Actions

The Actions Pane shows all objects that we can add to the Navigator. The objects shown in this pane
are available depending on a client’s license.

Actions L - X
Actions
ot
Add Stream Add Mixer  Add Water Add Add Brine Add Qil

Analysis  Standard E..  Analysis Analysis

v T 4
@ F B G Y W
Add Gas Add Scale Add Scale  Add Mixing Add Facilities
Analysis Saturator Scenario Contour Water

Actions Pane (shown in large icon view with widened window)

The Actions pane is contextual and changes depending on the selected stream. We can add objects
by double-clicking the Actions Pane icon or through the Menu bar using Streams > ScaleChem or
Calculations > ScaleChem.
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Calculations  Chemistry Tools View  Win
Add Stream

Add New Analysis

ScaleChemn

4

Description

Descrip

Cancel

n|va]So 2 Re

Add Qil
Add Gas
Add Brine

S

Wariakls

Calculations | Chemistry Tools  View Window Help

Single Point
Surveys
Chemical Diagrams

Add Mixer

Add Reconciliation

Rates of Corrosion

ElectroChemical Diagrams

ScaleChem

I Fal

3

3

r | e (ag)e
b

|
# &5
B

|[§ Report | L File View

Value Balanced

' ons (mg/L)

Potassium ion(+1}

Add Scenario
Add Saturator

Add objects by selecting the icon in the Actions pane or through the Menu bar

This pane contains the Design, Report, Description and other tabs. This pane changes depending

on the active object. When we add any SSC object, the screen automatically switches to the Design
tab, which is unique for each object. Each Design tab has a set of colored vertical tabs with data
entry screens. Most objects also have a Summary box and certain Calculation objects display a Plot

tab.

|7

Description

Descriptinn| &¥ Design il Plot [ & Report

| Tvee

=select=

Hame

Flow a

= L Variable Value | Balance Description Design | Definition | @ Report
E Cations (mg/L) ]
i Na+1 0.0 0.0 w J Component Value Normalized
E K+1 0.0 0.0 :g Subtot Subtotal:
Ca+2 0.0 0.0 E H20 0.0 0.0
Mgs2 0.0 0.0 o N2 0.0 0.0
% Sr+2 0.0 0.0 3 coz2 0.0 0.0
§ Ba+2 0.0 0.0 2| Detai Info of E H25 0.0 0.0
o« Fe+2 0.0 0.0 « ] Component Value g CH4 0.0 0.0
Lt
o
Description Panes of ScaleChem objects.
Brine Analysis (left), Scale Scenario (middle), and Gas Analysis (right).
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Chapter 2 — Olympus Brine
Analysis & Scale Scenario

Overview

This chapter focuses on two ScaleChem objects, Brine Analysis and Scale Scenario. You will input
a water analysis and its measured properties into a Brine Analysis object. This is Task 1. You will
then test the brine properties in a Scale Scenario object to compute if the mineral scales will
precipitate as the fluid flows up the well. This is Task 2.

Setting up the Work File
v" Launch the software

¢ OLI Studio - [Decument1] — O X
L] Edit Streams Calculations Chemistry Toeols View Window Help - & X
C New CtrleMN e mweE b B Mg S B
Nay Open... Ctrl+0
Do Close
‘A‘ Save Ctrl+5
I Save As... I
Date: | 1732020 |~
Import >
Print... Ctrl+P
Print Preview &
Print Setup...
Properties

v' Select File > Save As... from the menu bar

v' Type SSC Basics or another title in the File name field, then click Save

File name: | S5C Basics "
Save as type: | OLI Studio Files (*.0ad) ~
fide Folders Cancel

A typical OLI Studio software installation creates a folder within a PC’s Document directory called
“‘My OLI Cases.” By default, OLI Studio cases (files that end with the *.0ad extension) are stored
in this folder.
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Task 0 — Set Thermodynamic Framework to MSESRK

Before starting the calculations, you will change some settings.

v Click on the Streams object in the Navigator Panel

58C Basics.oad |

6“ Streams

v" Change the name from Streams to ScaleChem Training by double clicking on it or changing
the name directly in the Description tab

MNavigator 4+ % )
55C Basics.oad® ¢
‘,‘& Description |Object Map

Mame: |ScaleChem Training

v' Select Chemistry>Model Options from the Menu

Chemistry | Tools View Wint
Pre-built Models >

Templates >

Model Options...

-

v" Change the Thermodynamic Framework to MSE-SRK (H3O+ ion)

Default Chemistry Model Options ? *

Databanks Redox Phases T/P Span

Databanks

Thermodynamic Framework
MSE-SRK (H30+ion) w
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Task 1 — Create a New Brine Analysis

Your first action is to create the brine analysis object. You will use the data in the table given

below.

v' Add a Brine Analysis from the Actions panel by double clicking on it. Or select the Brine
Analysis from the menu (Streams > ScaleChem > Add Brine)

Actions
Actions

L

s

x

@Add Stream

& Add Mixer

T Add Water Analysis
=] Add EVS Calculation
9] Add Brine Analysis
& Add Oil Analysis
42 Add Gas Analysis

Streams Calculations  Chemistry  Tools  View  Window
Add Stream l e 11
Add Mew Analysis !
1
,=| ScaleChemn * Add Oil
Add Gas
Marme: |Scale Add Brine

o Right click on the Actions Panel to display the objects in the List format

Actions o~ X%
Actions |
I T
:
Add Stream  Add Mixer
Large lcons
Small lcons

Add Water List

Analysis k

& :
Add Brine  Add Oil L
Analysis Analysis

Zr

The Brine Analysis opens to the Design tab and the Data Entry grid. Before inputting the brine’s
composition, you will perform a few formatting changes to make your work go smoother.

v' Select the Description tab
v Change the brine name to Olympus 1 Brine

o You can also highlight the icon in the Navigator and select the <F2> key to change object names.

Mavigator E
SSC Basics - Chapter 02.0ad |
bf‘ ScaleChern Training

L - X

M amme: |Dlympus'l Erfinel |
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v Select the Design tab

v" Click on the Display dropdown button and select Formula

Mavigator

L o~ x
55C Basics - Chapter 02.0ad*

6“ ScaleChem Training

v' Enter the concentrations from the table below

el
Description Design [ Report
= | Variable Value | Balanced
= Cations (mgiL)
L: Na+1 3600.00 3800.00
g K+1 300.000 300.000
Ca+2 600.000 600.000
Mg+2 150.000 150.000
5r+2 20.0000 80.0000
Ba+2 5.00000 5.00000

Entry Options

Units

mg/L B
Display

| Formula

Table 1: Olympus 1 Brine Analysis
Cations mg/L Anions mg/L Neutrals mg/L Measured Properties
Na+1 | 36000 | CI-1 57000 | SiO2 15 Temperature 25°C
K+1 300 S04-2 250 Pressure 1 atm
Ca+2 | 600 HCO3-1 | 600 pH 7.67
Mg+2 | 150 Alkalinity
Sr+2 | 80 Density (g/ml) 1.064
Ba+2 | 5 Total Dissolved Solids (mg/l) | 96280

v' Make sure to select the Dominant lon balance option type

The software balances charges according to the selected option and displays this in the yellow
column. Notice in the Data Entry grid’s Balanced Column (yellow column) that the Na+ concentration

is 36,116 mg/l.

v' Review the Summary panel. The Dominant lon Charge Balance is summarized there.

s ISummar_l,lI
= | Variable Value Balanced | » Entry Options
E I Na+1 35000.0 36116-”' Units Unit Set: Metric (mass concentration)
K+1 300.000 300.000
£ e e Automatic Chemistry Model
Ca+2 600.000| &00.000 ;
o = Display ISE-SRK (H30+ ion) Databanks:
Mg+2 150.000 150.000 MSE-SRK (H30+ ion)
Sr+2 80.0000| 80.0000 Femis > MSE (H30+ ion)
O i 3
= Ba:2 5.00000| 5.00000 [ Show Non-zero Only Mo Solid phase(s)
= Second Liguid phase
2 Fe+? 0.0 0.0 [ show Balanced Column Using Helgeson Direct
£ = [ Stream Parameters:
Anions (mglL) En LRI Temperature ("C) | 25.0000
CH ST000.0|  ST000.0 standard w Pressure (atm) |1.00000
S04-2 250,000 250,000 ¥ Stream amount (L) 1.00000
Save @s...
HCO3-1 600.000 §00.000 Dominant lon Charge Balance
HE-1 0.0 (eqiL):
C2H302-1 0.0 0.0 Balance Options Cation Charge 1.81778
Anion Charge -1.62280
Type
Imbalance -5.04357e-3
Neutrals (mgiL) Dominant Ion ~
coz 0.0 0.0 lon{s) needed to balance (magiL):
c gc,
H25 0.0 0.0 Nar+1]115 954

The Summary box shows additional detail about the brine. The Stream Parameters table shows
default values. The Dominant lon Charge Balance shows the cations and anions equivalents and
the charge imbalance. The charge imbalance is -0.005 eq and the software added 116 mg/L of Na*™.
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The four available Balance Options are explained below.

Dominant lon. The dominant ion of the deficient charge is
added. The dominant ion is based on moles/kg

concentrations.
Balance Options
Prorate Cation. The complete set of cations is prorated Type
(all concentrations are multiplied by the same ratio). Dominant Ion v
Dominant Ion
. A A Prorate Cation
Prorate Anion. The complete set of anions is prorated. Prorate Anion
Makeup Ion

Makeup lon. The user selects an ion. Its concentration is
then increased or decreased depending on the charge
requirements.

The next step is to enter measured properties and calculate the brine properties. This is done in the
Reconcile tab.

v' Select the Reconcile (blue vertical) tab
v Enter the measured pH (7.67), Density (1.064 g/ml), and TDS (96280 mg/L)
Calculate Erine Properties Using:
[® Concentration Data only i Specs... Calculate &
() Gas-Phase CO2 Content {mole¥s)
(") Measured pH and Alkalinity [] allow solids to form

(") Measured pH Only
() Measured pH, Alkalinity, TIC

Data Entry

@
:% J Properties Measured Calculated
Temperature (*C} 25.0000
Prezsure (atm) 1.00000
pH 77000
Alkalinity (mg HCO3/L) 600.000
Density (g/ml} 1.06400
Elec Cond, specific (umhoi/cm) 0.0
Total Dissolved Solids (mg/L) 95280.0

The next step is to calculate the brine properties. There are five calculation, or Reconciliation, options
that are described below.
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1. Concentration Data Only. This approach uses ion concentration data only. The pH is
computed from the concentration of weak acid and base ions (e.g., HCOs?, CO3?, HS?,
Acetate, and Fe*?), and of acids and bases (e.g., CO2, H2S, H3BOs, Acetic acid, even HCI).
This is the default option.

2. Gas-Phase CO; Content (mole%). This option uses the concentration data described
above plus the CO; partial pressure. For instance, air contains 400 ppmV (0.04 mol%) CO,.
This 0.04 mole % is entered in the CO; fraction field, the pressure is set to 1 bar, and the
software computes the properties of a brine that is in contact with air. Similarly, the software
can compute the brine in a separator if that CO2 and pressure are entered.

3. Measured pH and Alkalinity. This option uses the entered concentration data, plus the
measured pH and alkalinity. This option is useful when reliable lab/field pH and alkalinity
values are available. The alkalinity is the Total Alkalinity, representing all proton-accepting
species down to 4.5 pH. The software adjusts the HCl and CO, amounts until the calculated
pH and alkalinity match the measured values.

4. Measured pH Only. This option uses the entered concentration data and the measured
pH. This option is useful when reliable lab/field pH values are available. The software
adjusts the HCIl amount until the calculated pH matches the measured value.

5. Measured pH, Alkalinity and TIC. This option uses the concentration data, plus the
measured pH, alkalinity and Total Inorganic Carbon (TIC). This option is useful when there
is a clear distinction between the organic and inorganic carbon contribution to alkalinity.
The alkalinity is the Total Alkalinity, representing all proton-accepting species down to 4.5
pH. The software adjusts the HCI, Acetic Acid, and CO, amounts until the calculated pH,
alkalinity and TIC match the measured values.

You will use the default Concentration Data Only option for this case.
v Select the Calculate button or press the <F9> key

13 needed 0 Dalance.

Alkalinity Calculation
25.0000 *C 1.00000 atm

The brine is supersaturated with 3 solids:
BaS04 [Barite). CaCD3 [Calcite). S1CO3 [Strontianite]
Calculation Completel

Calculation Output &« X

i We can also see a more detailed view of the calculation’s progress, along with non-convergence
messages, in the Calculation Output pane (if active) at the bottom of the screen.

The calculated pH and alkalinity differ slightly from the measured values. It is possible to adjust these
using the Measured pH and Alkalinity option, but it is not part of this example. Three additional
properties, density, conductivity, and TDS are shown in this grid.
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Calculate Brine Properties Using:
(®) Concentration Data Only Specs... Calculate &
(O Gas-Fhase CO2 Content (mole%s)
() Measured pH and Alkalinity [ Allow solids to form
(C) Measured pH Only
(T Measured pH, Alkalinity, TIC

Data Entry

]

E Calculate Alkalinity

E J Properties Measured Calculated
Temperature (*C) 25.0000
Pressure (atm) 1.00000
pH T.67000 7.52450
Alkalinity (mg HCO3/L) 0.0 581.942
Density (g/ml) 1.06400 1.06204
Elec Cond, specific (pmho/cm) 0.0 1.25468e5
Total Dissclved Solids (mo/L)y 95280.0 MNiA

Composition Adjustments

Add Charge Balance (mg/L Ma+1) 115.954

o Notice that the Total Dissolved Solids (TDS) were not calculated. This is because the by default
the TDS calculation is turned OFF. If you want to see the calculated value, go to the Calculation

Options icon K or right click on the Olympus 1 Brine and select Calculation Options. Then re-
run the case to see the calculated TDS value.

&% ScaleChem Training ‘ Descriptior
Arrange 3
Cut
Copy
Paste
Delete
Rename

Actions

Actions Add As Stream

m Add Brine An Clear Results

& Add Oil Anal: Clear Status

%2 Add Gas Ana

& Add Saturato Calculation Options

The complete set of results are in the Report tab.
v Select the Report tab

lu

v" Review the Phase Properties table

Phase Properties

Parameter Liquid-1
pH 7.52048

Density (g/ml) 1.06205
Specific Electrical Conductivity

(umhalem) 1.25468e5

lonic Strength (x-based) (mol/mal) [0.0289452
lonic Strength (m-based) (molikg) [1.70311

Viscosity, absolute (cP) 1.05345
Thermal Conductivity (callhr m *C) |513.589
Alkalinity (mg HCO3/L) 581.942

Hardness (mg/L of Mg+2 and Ca+2)|741.587

The pH and alkalinity are reported here, along with additional properties of this 1-liter brine sample.
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v" View the Pre and Post Scaling Tendencies table next

Pre and Post Scaling Tendencies

Scale Mineral Pre-scaling Pre-index Post-scaling Post-index
BaC03 (Witherite) 0.0166206 -1.77935 0.0166206 -1.77935

BaS04 (Barite) 770045 0.BB6516 7.70045 0.BB6516

CaC03 (Calcite) 6.04691 0781534 5.04691 0.781534

CasS04 2H20

(Gypsum) 0.0179836 -1.74512 0.0179836 -1.74512

CaS04 (Anhydrite) 0.0154017 -1.81243 0.0154017 -1.81243

KCI (sylvite) 6.52714e-4 -3.18528 6.52714e-4 -3.18528

MaCl (Halite) 0.0310960 -1.50730 0.0310960 -1.50730

Si02 (lechatelierite) 0167156 -0.7TEBTT 0.167156 -0.77687T
SrC03 (Strontianite) 2 55686 0.407706 2 55686 0.407706

5r504 (Celestine

(celestite)) 0118157 -0.827541 0.118157 -0.927541

Olympus 1 Scaling Tendencies with Solids Off

The software computes that BaSO,, CaCOs, and SrCO; are supersaturated (S>1) in this sample
(see Pre-scaling values). The remaining minerals are sub-saturated (S<1). No solids form because
the Brine Analysis object has solids-formation turned off by default.

What are scaling tendencies?
e The Scale Mineral column lists species with pre-scale tendencies of at least 1x10™.

e The Pre-scaling column is the thermodynamic driving force for precipitation. It
represents the conditions at time=0, meaning conditions before any precipitation can

commence. This value is based on the following relationship (shown for CaCO3):
_ %¢at28cp,—2

S, =
Cacos Kspcacos

e The Pre-Index column is the base-10 logarithm of the pre-scaling tendency.

e The Post-Scaling and Post-Index columns are the scaling tendency values after the
precipitation process is complete. It represents conditions at time=o, when solids
reach equilibrium with the water.

If we allowed solids to form, the table would also have a Max scale column showing solid
concentration, per liter of brine, if the brine reached equilibrium.

v' Scroll down to the Brine Composition table.

Brine Composition

Cations Value (mgiL) Anions Value {maiL}) Neutrals Value (mgiL)
K{+1) 300.000 Cli-1) 57000.0 co2 11.5742
Na(+1) 36116.0 HCO3- (*) 583.953 Sin2 15.0247
Ba(+2) 5.00000 504-2 250.350

Ca(+2) 500.000

Ma(+2) 150.000

Sr{+2) 30.0000

Olympus 1 Brine Composition with Solids Off

This table contains the dissolved species concentration in the brine. It will be identical to what is
added, because the brine is a single-phase. If solids were allowed to precipitate in the calculation,
then the concentrations would have deviate from the initial values.
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Task 2 — Create a New Scale Scenario Calculation

The next task is to calculate the scaling potential during production. This is done using the Scale
Scenario object. The software computes the tendencies and mass for each mineral at each location
created. Results are presented in plots.

v" Select Calculations > ScaleChem > Add Scenario from the menu, or double-click on the Add
Scale Scenario icon in the Actions pane

Calculations  Chemistry Tools  View Window Help

Single Point > me o B e b |
Surveys »
Chemical Diagrams >
Add Micer [ Report 3 File Viewer
Add Reconciliation ~
Rates of Corrosion »
h
ElectroChemical Diagrams N
ScaleChem » Add Scenario

Add Saturator
l Add Mixing Water
1 Add Facilities

| Add Contour L~ Add Scale Scenario

L

The software adds a Scale Scenario object to the navigation panel and opens to the Design screen.

SSC Basics - Chapter 01.0ad'|

"6‘ ScaleChern Training
+-Tg¢ Olympus 1 Brine

There are three vertical tabs: Inlets, Conditions, and Solid. You will work in each section to set up
the calculation.

Description Design [l Plot [ Report

J Type Name Flow
«selects

Inlets

Conditions

Detail Info of Selected Inlet Name
J Component Value (molihr)

Solid

Initial Design screen of a newly added Scale Scenario object

v" Rename the object Olympus 1 Production (select the Description tab or press the <F2>)
Description Design [l Plot (&

Marme: |Dlympus‘l Production| |

v Select the Design screen then the Inlets tab
v Click on the cell in the Type column to activate a dropdown list. Select Brine (m3/day)
The focus will automatically switch to the Name column.

v Select the Olympus 1 Brine from the dropdown menu in the Name column
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v Enter 200 (m3/day) in the Flow column

J Type Name Flow
Brine (m3/day) Otympus 1 Brine 200.000

|<sele|:‘t> v I

Inlets

o When an inlet row is active, the Detail Info of the grid at the bottom of the Inlets screen displays
the composition of the inlet we selected. In our case, this is the Olympus 1 Brine composition.

-

% Type Name Flow

= Otympus 1 Brine
«sglect=

=

=

§

L=]

(&)

% Recondled Composition of Brine (Olympus 1 Brine)

L J Component Value (mgiL)
Hz0 9.66700e5
Bal 5.58252
Cal 839.524
coz 432.762
HCI 1342 44
K20 361.382
MgO 248741
NaCl 91810.7
503 208.363
Sr0 94 6080

Phase Flow Properties

Mass - Liquid-1 (Mass %) 99.9999
Mass - Vapor (Mass %) 0.0
Mass - Liguid-2 (Mass %) 0.0
Moles (True) - Liguid-1 (Mole %) 100.000
Moles (True) - Vapor (Mole %) 0.0
Moles (True) - Liguid-2 (Mole %) 0.0
Volume - Liguid-1 (Volume %) 100.000
Volume - Vapor (Volume %) 0.0
Volume - Liguid-2 (Volume %) 0.0

v' Select the Conditions tab (vertical blue tab on the left side of the Design screen)

The Conditions tab contains 4 columns: Location, Temperature, Pressure, and Drop Solids.

v' Type in the following conditions or use the dropdown menu within the Location cells

Location Temp (°C) Press (bar)
Reservoir 125 275
Bottom hole 125 260
Downhole 115 190
Midwell 105 130
Wellhead 100 100
Choke 90 80
Separator 60 30
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The location cell contains a dropdown menu with commonly used locations, like reservoir, wellhead,

separator etc. You can use one of these names or type in a name. A location name is required.

Location
Reservoir
Bottom hole

Downhole
Midwel
Wellhead
Choke

Conditions

Separator

|<Enter Location Name=

o

A diagram appears below displaying the order of the locations that are entered. This screen has

Temperature (°C| Pressure (bar) | Drop Solids
125.000 275.000 [l
125.000 260.000 [l
115.000 190.000 O
105.000 130.000 O
100.000 100.000 O
50.0000 80.0000 O
60.0000 30.0000 O

options for zooming, auto steps, sorting by temperature or pressure, and dropping solids.

Auto Step Sort Zoom
Steps: °  Go T||P g, a
Reservoir B?_It;?em Downhole Midwel
T:125.0 = T125.0 = T15.0 = T105.0
- L, - o - -
P:275.0 P250.0 P:180.0 P:130.0
Wellhead Choke Separator
T:100.0 = T:H0.0 = TS0.0
P:100.0 P:80.0 P:30.0

v Select the vertical (red) Solid tab and

v' Check the Standard box (to allow these solids to precipitate)

o Solids Selection Calculate &
@
= - Standard o
= Ba504 (Barite) [ caleulate alkalinity
CaC0o3 (Caldte) Surnrnary
o C3504 (Anhydrite)
o Ca504.2H20 (Gypsum) Unit Set: Scale Metric ~
T : Nacl (Halite)
8 5r504 (Celestine {celestite)) Automatic Chemistry Model
[£] Expanded MSE-SRK (H30+ ion) Databanks:
= Al MSE-SRK (H30+ ion)
- =-[F MSE (H30+ ion}
% Second Liguid phase
I Excluding 119 solid phaszes
Using Helgeson Direct
Inlets:
Brine Olympus 1
(m3/day) Brine 200.000
~
v Press the Calculate button
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v'  Select the Plot tab

15 T T T T T
15 - b
14 - -
13 - b
12 - b
w F
=
g 1r T
a
210+ b
a
i
= 9 !
= —4#— CaC03 (Calcite) - Sol Pre-scaling tendency [Pre-5T]
m
$ 8 —&—CaC03 (Aragonite) - Sol Pre-gcaling tendency [Pre-5T] . ]
@
a Ir —m— SrC03 (Strontianite) - Sel Pre-zcaling tendency [Pre-5T] N
E 6 —4— BaS04 (Barite) - Sol Pre-scaling tendency [Pre-5T] A -
=
'g 5L H20 - Sol Pre-scaling tendency [Pre-5T] B
(]
4k 4
3Lk 4
-
2 - " -
L %
"
Tr e - ]
U | 1 | | 1
2 % % 2 % g R
)
% % s, %, % £ %,
b, e K % % ® %,
‘% ’fb/ @ o ~

The default plot is the pre-Scale tendencies for the five dominant solids, including Calcite and
Barite. Several minerals are computed to be supersaturated in the reservoir and at other
production locations.

v" Select the View Data button

E] Yiew Dats Wanables

The View Data button displays the results table. In some cases, this is an easier way to interpret the
results.

Caco3 caco3 SICO3 | gagog
LOCATIONS| \caicite) | fAragonite) ‘5“°::t'a“'t (Barite) H20
Pre-5T Pre-5T Pre-5T Pre-5T Pre-5T
] Reservoir 145214 117871 229611| 0805475| 0318622
Z Bottom hole 148382 120201 2738814| 0B17053| 0318777
3 Downhole 141241 113388 256882 0072683  0.343002
4 Midwel 123416|  10.5805|  2.72714| 118483 (0.37185%
5 Welhead 12.9844|  102397| 281279 128329 0.387054
6 Choke T16034|  B.07808| 275582 151766 0.419380
7 Separator B41174|  641208| 261605  2.82421| 0.540563

v'  Select the Variables button

= Wiews Data Wariablez Options

OLI Studio: ScaleChem Basics — Olympus Brine Analysis & Scale Scenario 2-12




v" Remove all the variables in the Y1 Axis field by clicking on the Y1 Axis title bar then pressing
the double left arrows. Or, double-click on the variable you want to remove

Y1 Axis
Dominant Prescaling Tendencies
-5

v" Open the Solid category and move CaCO3 and BaSO4 to the Y1 Axis by double-clicking the
name

Select Data To Plot ? X

Curves

Stream Parameters ~ * s
-Calculation Parameters > |Luca1iuns
- Inflows
- Additional Stream Parameters Y1 Axis |
- Phase How Properties CaC03 (Calcte) - Sol

Pre-scaling Tendencies m

Y2 Axis

Dominant Solid

52504 (Barite)

s v| | >

v" Next, expand Additional Stream Parameters and move pH - Aqueous to the Y2 Axis by using
the double arrow >> next to the Y2 axis

Curves

Inflows ~ * Axis
(- Additional Stream Parameters > |Luca1\uns
- Density

- Density Lig1 Y1 Aais |
-~ Density Solid CaC03 (Calcte) - Sal

-~ DIELEC Lig1 Ba504 (Barite) - Sol
~-HARDNESS >

IS Lig1
1S Lig1
Std Lig Vol Lig1
- 5td Lig Vol Selid
- Phase How Properties
- Thermodynamic Properties
- Pre-scaling Tendencies Y2 Bxis
- Pre-scaling Index oR
- Scaling Tendencies
Scaling Index v
Solids E
Standard ~
Use short names
Hide zero species 7 s

Plot data which is only within temperature range. - Select -

Cancel Aoply Help

v Press OK and view the Data Table

CaC03 BaS04
LOCATIONS| \oiitey | (Barite) pH
mg/L mgilL
1 Reservoir 287 344 0.0 514451
2 Bottom hole 268728 0.0 5§.14576
3 Downhole 255.565 0.0 6§.17858
4 Widweell 241.019 1.16756 §.21687
5 Wellhead 233656 1.81150 5238458
[ Choke 214347 2. 20491 628636
7 Separator 198.481 3.88369
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v'  Select the View Plot button

G

= Yariables

T T T T T

280 ] 6.505
Y S— W 6485
80 e /64685
240 [ 6445
220 | 4 6.425
= r 1 6.405
g 20T 4 6388
= 180 | 4 6.365

o L —a— CaCO03 (Calcite) [mgiL] ]
@ _ - 6.345

m 160 4 BaS04 (Barite) [mg/L] |

p . o 1632 5

T MOr P ) 16305

=] r |
g 120 + (__,--- 1 6.285
é 100 [ 4 6.265
g ol - 16245
e -  6.225
60 16205
a0 - 16185
i 1 6.165
DE - 1615
0 — . y — a8 g2

R 1 4. Q &
%@% %%’b %%’ '6-%/ K %‘F@ &%/;9
% %, i g % %

According to the calculation, significant amounts of calcite precipitate in the reservoir and the amount
decreases at each subsequent calculation as temperature and pressure decreases. The values
shown in the plot are the maximum amounts of solids that will form at that location. No assumption
is made that these solids actually form at each location (this requires a fluid dynamic and deposition
model). Rather all scale mass moves with the fluid to the next calculation unless specified to deposit
using the Drop Solids button in the Conditions tab.

The calculated pH increases during production. This is for two reasons. The first is that as less calcite
precipitates, more alkaline CO3? remains in solution. The second is that lower temperatures causes
the pH of a solution to be higher.

v Save the file =

Summary

The instructions provided in this chapter are the most basic ScaleChem calculation. It is a two-step
process, adding a brine and calculating its scaling potential as the well is produced. You will see in
the following chapters that adding additional details to this basic scenario can increase reliability to
the predictions.
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Chapter 3 — Olympus Gas
Analysis

Overview

This chapter introduces the Gas Analysis object. It is a very simple object with a limited number of
functions. It is designed in a way that a user can enter conveniently, their gas analysis. You will
continue working within the created file in Chapter 2.

Task 3 — Create a New Gas Analysis

v" Double-click on the Add Gas Analysis object in the Actions Panel
2 Add Gas Analysis
This adds a Gas object to the Navigator panel.

v' Select the Description tab, then rename the object Olympus Gas
Mavigator L o« X

o
SSC Basics - Chapter 02.0ad |
G_“ ScaleChem Training Description Design Definitit
+Eﬁ Olympus 1 Brine
+|:¢’ Olympus 1 Production Name: |D|ympus1 Gad |

L& Olympus 1 Gas

v Select the Design tab

The names view of the Gas Analysis is defaulted to Formula view. Also, the Standard list of
components extends to C6 alkanes. This is satisfactory for the gas analysis you will enter.

v Enter the following composition and values in the Inflows grid:

Olympus 1 Gas
Formula | Component Name | mole % Formula | Component Name | mole %
H20 Water 1.80 C3H8 Propane 8.00
N2 Nitrogen 3.00 i-C4H10 | Isobutane 1.00
COo2 Carbon dioxide 1.50 n-C4H10 | n-Butane 3.00
H2S Hydrogen sulfide 0.50 i-C5H12 | Isopentane 0.50
CH4 Methane 65.5 n-C5H12 | n-Pentane 0.70
C2H6 Ethane 14.0 n-C6H14 | n-Hexane 0.50

The Inflows grid will look like one of the two below, depending on the Names view you select.
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| Component Value Normalized | Component Value Normalized
Subtotal: 10| Subtotal: 100.0 Subtotal: 10| Subtotal: 100.0
E Water 1.80000 1.80000 | Hz0 1.80000 1.80000
|_ Nitrogen 3.00000 3.00000 F NZ 3.00000 3.00000
|— Carbon dioxide 1.50000 1.50000 l_ coz 1.50000 1.50000
|— Hydrogen sulfide 0.500000 0.500000 l_ HZS 0.500000 0.500000
|7 WMethane 65.5000 65.5000 ,7 CH4 65.5000 65.5000
|_ Ethane 14.0000 14.0000 |_ C2HE 14.0000 14.0000
|— Propane 8.00000 8.00000 |_ C3HE 2.00000 2.00000
|— lzobutane 1.00000 1.00000 l_ C4H10 1.00000 1.00000
[ n-Butane 3.00000 3.00000 |— n-C4H10 3.00000 3.00000
|_ lsopentane 0.500000 0.500000 |— i-C5H12 0.500000 0.500000
| n-Pentane 0.700000 0.700000 | ncsHiz 0.700000 0.700000
|— n-Hexane 0.500000 0.500000 |— CEH14 0.500000 0.500000
Olympus 1 Gas Inflows in Display Name View Olympus 1 Gas Inflows in Formula View

This is the extent of the gas entry step. There are modifications that can be part of this step, but in
this scenario, they are not considered. Now that the gas is entered, the Olympus scale scenario will
be recomputed.

Task 4 — Recalculate the Scale Scenario with the Gas

The gas analysis was missing from the Scale Scenario calculation performed in Chapter 2. The net
effect was that calcite was computed to be supersaturated. This is because the impact of gas-phase
on the brine composition was not considered. You will see that by including the gas phase, the calcite
scale risk will change considerably.

v' Select the Olympus 1 Production icon in the Navigator pane

SSC Basics - Chapter 02.0ad|
6“ ScaleChern Training
+-Tg Olympus 1Brine

+ ¥4 Olympus 1 Production

L5 Olympus 1 Gas

v' Select the Design tab (horizontal tab) if not automatically sent there
v' Select the Inlets tab (vertical) if not automatically sent there
v' Click the Type cell in the 2" row and select Gas from the drop-down list

J Type Name Flow
Brine (m3/day) Ohympus 1 Bring 200,000

Inlets

ns

o

v" The Name cell should display automatically the available gases. There should be one only,
Olympus 1 Gas, select it.

@ it the Olympus gas is not present in the drop-down cell, this is an indication that the Gas
Analysis Object is using a thermodynamic model different from the Brine Analysis object. Make
certain that the Gas Analysis and Brine Analysis objects are both using the MSESRK (H3O+ ion)
framework.
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v Enter a flow rate of 250 std E3m3/day in the Flow cell

@ J Type Name Flow

% Brine (m3/day) Clympus 1 Brine 200,000

- Gas (std E3m3/day) Olympus 1 Gas 250.000
|<select= ]

v' Calculate (Press the <F9> key)

v Select the Plot tab i Prot

The plot will be displaying the last set of variables that you added, Calcite solids and pH. You will
change this back to the default plot variables, the Dominant Scale Tendencies.

v" Double-Click on the [Default Plot] item in the Plot Manager window. This is in the lower left of

the screen

3.0

28

24

22

Daminant Pre-scaling Tendencies

0.6 I
0.4 I
0.2 I
0.0 I

Plot Template Manager g = x

[Default Plot] b

This will cause the plot to return to the default variables (and settings).

26

20

—4— BaS04 (Barite) - Sol Pre-scaling tendency [Pre-ST] ,r. 7
—&—CaCo3 (Calcite) - Sol Pre-scaling tendency [Pre-3T] / __
—m— CaCO03 (Aragonite) - Sol Pre-scaling tendency [Pre-ST] / B
—4—H20 - 5ol Pre-scaling tendency [Pre-5T] f"f

Sr304 (Celestine (celestite)) - Sol Pre-scaling tendency [Pre-3T] _,-’J'r ]

16
14|
12}
10}
08 |

.
o
/--"' T
_,—'—'_'__'_'_'_'__'_'_’.i—- —
P ]
-
- & ]
——k — S — A —— & i
= 9 — .____‘———3_——._-__ — ¢
. e ——a
. R—
1 1 1 1 1
% % 2, %, %, % %
@,Bb %, = &-@/ 1 ) %’é
i %, %/é z % D

Pre-Scaling Tendencies Including Brine and Gas Analyses

The plot differs from the one computed at the end of Chapter 2 (see below). This is because the gas-
phase CO; introduces acid (carbonic acid) to the water. This causes the pH to decrease, which in

OLI Studio: ScaleChem Basics — Olympus Gas Analysis 3-3




turn reduces the COs2 ion concentration. This result is that the scaling tendencies for the three
carbonate solids (Calcite, Aragonite, and Strontanite) decrease.

16 T T T T T
15 - A
—
ul L \ _
13 F I B
L A B
. 2 & .
5 11 | o —
= i
a« [ T TT—
2 10+ * -
=2 9 __a— CaCO03 (Calcite) - Sol Pre-scaling tendency [Pre-5T] T B
E gL —a&— CaC03 (Aragonite) - Sol Pre-gcaling tendency [Pre-5T] A i
w
é 7 — @ 5rCO3 (Strontianite) - Sol Pre-zcaling tendency [Pre-5T]
% - —¢— BaS04 (Barite) - Sol Pre-gcaling tendency [Pre-5T] ""‘
g 6 _ H20 - Sol Pre-scaling tendency [Pre-5T] 7]
E 5| a
o
(] L
4| i
3 - —
. a8 5
2 * - " o
L ¥
-
LN - 7
U L 1 1 | 1 |
£ 1 ‘. G iy
%, %ér %&, % a8, % %
2] Q A, LA %, * S
"o 4 £ 7 % : %,
% @ ”~

Pre-Scaling Tendencies Including Only Brine Analysis

v" Change over to View Data

=) Yiew D ata ariables

The saturation of Calcite at reservoir conditions is now S=0.6, or twenty-three-times lower than the
S=14.5 in Chapter 2.

BaS04 CaCco3 Caco3 ERE
LOCATIONS|  Rarite) | (Calcite) |(Aragonite)] 120 EE:I'EE:;"';?J
Pre-5T Pre-5T Pre-5T Pre-5T Pre-5T
1 Reservor |  0.845065| 0632258 0.513208| 0.317762| 0.224134
2 Bottomhole | 0.356026| 0.660133| 0.535160| 0317940  0.228413
3 Downhole 100600 0845080 0517122| 0343238  0.228675
fl Midwel 119131| 0849711| 0515252| 0371361 0.226253
5 Welhead 130558| 0683080 0.542633| 0386648  0.224659
6 Choke 153388| 0610343| 0477510| 0.419082| 0207854
7 Separator 281204| 0525957 0.400955| 0.540800|  0.162318

Notice that there is no longer any calcite scale, because it is now sub-saturated throughout the
production line. The next step is to quantify the impact of the gas on the pH.

v' Open the Variables window

=) Yiew D ata ariables
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v" Double-click on the Y1 Axis variables to remove it
v" Add pH to the Y1 axis (pH is in the Additional Stream Parameters category)

Curves

- Stream Parameters A X Buis

- Calculation Parameters 3> Locations
- Inflows
- Additional Stream Parameters Y1 Axis |
- Density pH

- Density Lig1
- Density Solid @
- Density Vap

- DIELEC Lig1 s

- HARDNESS
15 Lig1

15 Lig1

- Std Lig Vol Lig1
- Std Lig Vol Solid Y2 fis |
- 5td Lig Vol Vap
- VapFrac

[+- Phase How Properties w bed

Solids
Standard ~

Use short names
Hide zero species 7 Muis
Plot data which is only within temperature range. _Select -

Gt [ oo [k

v" Click OK to close the window
v" Change to View Plot

Notice that the pH range of this calculation is about 0.5 units below that of Chapter 2. This again, is
caused by including the COz-containing gas phase in the scale scenario.

—a—pH

pH

v Save the file ®
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Summary

A more representative scale scenario is achieved when the gas phase is included in the study. This
is because brine production is in contact with the hydrocarbon phase, and by including it in the scale
calculation, its impact on overall scale formation can be part of the scale risk analysis.

Calcite is also computed to be sub-saturated in the reservoir. This may, or may not be the case,
depending on the reservoir mineralogy/cementation. In the next chapter we will investigate the
impact of setting the gas and brine phase in equilibrium with the reservoir minerals, and its effect on
mineral scaling.
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Chapter 4 — Olympus Reservoir
Saturation

Overview

You will use the Saturator object to set the reservoir minerals at equilibrium with the produced fluid.
Itis reasonable, in some cases, to saturate the produced fluid with common evaporite and secondary
minerals like CaCOs;, CaS04.H,0O, FeCOs, and NaCl. This is based on the assumption that as the
reservoir fluid flows through the rock pores, there is sufficient time to interact with the surface
minerals and that this interaction occurs across the complete vertical production zone (the
composition of the liquid flowing into the well does not vary with depth). The effect is that a single
fluid composition flows into the well and this liquid+gas fluid is in equilibrium with the reservoir
minerals.

This particular Olympus well produces from calcite-cemented sandstone. Barite is also present in
minor quantities in the rock matrix. It is reasonable therefore, to saturate the fluid with calcite at
reservoir conditions. This will cause Ca*? and CO3* to be added to the fluid and this revised brine
composition will now be different from what was entered in Chapter 2. Because there is a
composition change, you will create a new fluid called Olympus 1 Reservoir. This is a gas+brine
fluid combination that will be used instead of the brine and gas analysis entered in the previous
chapters.

To complete Chapter 4, you will need to have completed Chapters 2 and 3 first.

Task 5 — Add a Saturator Calculation
v" Open the Course file you used to compete Chapter 2 and 3.

This file should look like the following.

MNavigator L - x
S5C Basics - Chapter 03.0ad
if ScaleChemn Training
+Eﬂ Olympus 1 Brine
+|352 Olympus 1 Production
+@ Olympus 1 Gas
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v Click on the Add Saturator icon from the Actions panel & Add Saturater

The Saturator appears in the Navigator panel.

v' Select the Description tag to rename the object Olympus 1 Reservoir
Mavigator L - X
SSC Basics - Chapter 03.0ad |
i: ScaleChem Training Description Design [ Report
+@ Olympus 1 Brine
+|3§? Olympus 1 Production Mame: |Dlym|:|us1 Rezervoil |
+'@ Olympus 1 Gas
L. Olympus 1 Reservoir

v' Select the Design tab

==

o The Saturator has two vertical tabs, Inlets and Solid. Fluids are entered in the top grid and
Conditions are entered in the bottom grid of the Inlets tab. Solids are selected and saturated in the

Solid tab.

v Use the pull-down menus to select the following Fluid types, names, and flow rates

Olympus 1 Reservoir
Type Name Flow
Brine (m3day) Olympus 1 Brine 200
Gas (std E3m3/day) | Olympus Gas 250

v' Enter the Reservoir conditions of 125°C and 275 bar in the Conditions section

~

]

E J Type Name Flow

= Brine (m3/day) Olympus 1 Brine 200.000
Gas (std E3m3/day) Olympus 1 Gas 250.000

- =select>

o

w

J Conditions Value

Temperature (*C) 125.000
Pressure (bar) 275.000

v' Select the Solid (blue) tab
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Saturating the fluid with minerals is a two-step process. The first step is selecting in the upper
section of the window (Solid Selection), and then selecting it to saturate in the lower section of
the window (Reservoir Mineral Saturation Section).

| Solid Selection (check solids allowed to form) |

- Standard

BaSO4 (Barite)

v| CaCO3 (Caldte)

v| CaSO4 (Anhydrite)

v| CaS04.2H20 (Gypsum)

v| NaCl (Halite)

SrS04 (Celestine (celestite))
¥-[Z] Expanded

52 al

RKRKEKEEE

I Reservoir Mineral Saturation Section I

Mineral to saturate Inflow to vary
<Select Solid>

The upper section instructs the software to allow the selected solids to precipitate — to include
the solid-liquid equilibrium equation in the calculation. It does not instruct the software to saturate
these solids. Rather, if the phase is supersaturated, then it will precipitate.

It is in the lower section that saturated solids are chosen. This section contains two columns. The
first column (Mineral to saturate) where the saturating mineral is selected. The second column
(Inflow to vary) is the cation and anion to be adjusted. The image below has barite and calcite
as saturating solids, and Ba*?, SO4?2, Ca*?, and COs? as being adjusted.

Reservoir Mineral Saturation Section

Mineral to saturate Inflow to vary
BaS04 (Barite) BaS04
CaCO3 (Calcite) CaCO3 ~|

<Select Solid>

For example, if barite is computed to be initially sub-saturated, then BaSQ,, in the form of Ba*?
and SO.,? ions are added in stoichiometric amounts until barite saturation is achieved.
Stoichiometric amounts are required so the water maintains a charge balance.

By comparison, if Calcite is computed to be initially supersaturated, then stoichiometric amounts
of Ca*? and COs3? are removed from the fluid until calcite is at saturation. Thus, the inflows will
be positive if the solid is sub-saturated and negative if the solid is supersaturated.
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v" Select the Standard checkbox

Solid Selection {check solids allowed to form)

i [w] Bas04 (Barite)

M cacos (Caldte)

[¥] CaS04 (Anhydrite)

¥ Cas04.2H20 (Gypsum)
] Macl {Halite)

[¥] 5rs04 (Celestine (celestite))
[2] Expanded

B[] Al

. . . . . Calculate L
At this point, you will notice that the Calculate button is yellow . This is because no

minerals have been selected to saturate the fluid. A warning also appears in the in the Summary
Warning: no solid selected for
box Ohympus 1 Reservoir.

. Ayellow button is allowable, and a calculation may continue; it is merely
a warning that the case is incomplete.

v" In the Reservoir Mineral Saturation Section use the Solid drop-down menus to select BaSO4
(Barite) and CaCO3 (Calcite) as Mineral to saturate

|Reservoir Mineral Saturation Section |

J Mineral to saturate Inflow to vary

CaC0O3 (Calcite)
CaS04.2H20 (Gypsum)
CaS04 (Anhydrite)

MaCl {Halite}

5r304 (Celestine (celestite) )

v Use the Inflow drop-down menu to select BaSO, and CaCOs as Inflow to vary (it should have
been selected automatically).

Reservoir Mineral Saturation Section

J Mineral to saturate Inflow to vary
BaSO4 (Barite) Bas04
CaCo3 (Calcite)

<Select Solid=

The Inflow to vary list is lengthy because there are many ways of adding Ba*?, SO42, Ca*?, and
COg32. Deciding on which inflows to vary depends on the user’s assessment of the fluid composition
and which concentration is the most appropriate to change.

At this point, the Calculate button is green indicating that the specifications are complete.
v Calculate (or press the <F9> key)

v Click the Report tab & Report
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The Saturator Report tab contains several tables: Saturation Details, Inlet Summary, Stream/Phase
Properties, Pre and Post Scaling Tendencies, Brine Composition, Gas Composition, and if selected
an inlet summary.

The key table is the Saturation Details. This contains the explicit Inflow changes. In this example,
102.4 mg/L CaCOs is added to the system (i.e. 41 mg/L Ca*? and 61.4 mg/L COs?). Likewise, 1.5

mg/L BaSO, was added (i.e. 0.9 mg/L Ba*? and 0.6 mg/L SO4?).

Saturation Details:

Solid Inflow Initial {ma/L)* Final {ma/L)* Delta (maiL)

BasS04 (Barite) Bas04 8.07037 9.52380 1.45344

CaC032 (Calcite) CaCo3 1423.06 152547 102.410
v" Scroll down to the Pre and Post Scaling Tendencies table
Pre and Post Scaling Tendencies
Formula Mineral Excess Solute Excess Solute Pre-Scale Pre-Scale Post-Scale Post-Scale

magiL 1b/1000bbl s, ST sl Index s, ST sl Index

5i02 lechatelierite 0.0188193 -1.72539 0.0188198 -1.72539
BaCO3 Witherite 7.07139e-4 -3.15050 T.07137e-4 -3.15050
Mg(OH)2 Brucite 6.00466e-4 -3.22151 6.00467e-4 -3.22151
MNaCl Halite 0.0 0.0 0.0254531 -1.59426 0.0254530 -1.59426
Bas04 Barite 2.65893e-5 9.32322e-6 1.00000 1.74560e-6 1.00000 0.0
31304 Celestine (celestite) 0.0 0.0 0223483 -0.650756 0.223453 -0.650756
3rC0O3 Strontianite 0138128 -0.856554 0.139128 -0.656584
CaCo3 Calcite 1.14067e-5 3.99812e-6 1.00000 1.09144e-7 1.00000 0.0
CaS04.2H20 Gypsum 0.0 0.0 0.0245117 -1.61063 0.0245117 -1.61063
CaS04 Anhydrite 0.0 0.0 0.0985987 -1.00613 0.0985987 -1.00613
KCl sylvite 1.31208e-4 -3.88174 1.31208e-4 -3.88174

The Excess Solute column shows that trace amounts of BaSO4 and CaCOs are present in the water.
These exceedingly small values (in the parts-per-trillion range) are the specifications or targets for
the calculation. The software sets these target solid concentrations and then adjusts up or down, the
BaS0O, and CaCOs; inflows until it reaches these targets. These part-per-trillion values may look
arbitrary, but in fact the values are equivalent to 1x102° moles of solid/kg water.

The pre-scale tendency for BaSO, and CaCOs equal 1.0 — by definition. That is, these are not
calculated; they are defined. The remaining scale tendencies are computed.

v Scroll down to the Brine Composition table

Brine Composition

Cations Value (maiL) Anions Value (maiL) Neutrals Value (ma/L)
K(+1) 284919 CI(-1) 541346 coz 660.014
Ma(+1) 343004 HCO3- (%) 486.767 H25 528730
Ba(+2) 5.60354 504-2 238.364 3i02 142694
Cal+2) 610.845 N2 69,6510
Ma(+2) 142.459 C1 1085.88
Sr(+2) 75.9733 c2 202.244
C3 77.0591
nc4 17.5590
CB 0389003
Cc5 118776
iC5 1.35485
iC4 6.29535
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The dissolved CI" is computed to be ~54000 mg/L. This is lower than the ~57000 mg/L entered
initially in the Olympus 1 Brine Analysis. There are two reasons for this. First, the water volume
increased because of thermal expansion (125 °C vs. 25 °C); and second, because the dissolved
gases have increased the liquid volume (this is a smaller effect).

This volume expansion can be seen in the Phase Properties table. The volume at reservoir
conditions is ~210.6 m3. At standard conditions, this liquid occupies ~201.4 m3. The thermal
expansion effect is the difference between 210.6 and 201.4 m?, and the dissolved gas effect is the
difference between 201.4 m® and the 200 m?® added.

Phase Properties

Parameter Liquid-1 Vapor Solid
Volume Units m3/day E3ma3/day m3iday

Volume 210.586 1.17971 2.13672e-9
Volume, Std. Conditions Units m3iday std E3m3/day

Volume, Std. Conditions 201.380 248 851
Hardness (mg/L of Mg+2 and
Ca+2)

744033

v Scroll down back to the Brine Composition table

Notice that the dissolved Ca*? changed from 600 mg/L to ~611 mg/L. This is a combination of lower
concentration due to liquid expansion, and an increased concentration because of the of the 41 mg/I
Ca*? added to saturate calcite.

Brine Composition

Cations Value (malL) Anions Value {ma/L) Neutrals Value (mg/L})
K(+1) 284.919 CI{-1) 541346 coz2 660.014
Ma(+1) 343004 HCO3-(*) 486.767 H25 528.730
Ba(+2) 5.60384 504-2 238.364 Si02 14.2694
Cal+2) G10.845 M2 G9.6510
Mg(+2) 142.459 c1 1085.88
sr(+2) 759783 c2 202.244
(o] 77.0591
nC4 17.5590
Ca 0.389003
ch 118776
iCs 1.35485
iC4 5.29535

Task 6 — Recalculate the Scale Scenario with the Saturated Reservoir

Considerable effort is taken to create a representative reservoir fluid. First, the Brine is entered,
reconciled for charge balance, and if needed, reconciled for pH and alkalinity. Next, the gas
composition is added, and the two fluids are set to equilibrium with each other and with important
reservoir minerals. It is after these steps, and that a final scaling calculation is run.

The Olympus 1 Reservoir calculation contains the representative fluid. It is, therefore, this Whole
Fluid (multiphase) that will be used in all subsequent calculations. You will see the Whole Fluid in
the Type column of all ScaleChem calculations. When Whole Fluid is selected, all phases of this
fluid are included.

You will use the Whole Fluid from the Reservoir to rerun the scaling calculations.
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v' Select the Olympus 1 Production in the Navigator Panel
SSC Basics - Chapter 04.0ad |

6"" ScaleChem Training
+1-Tgh Olympus 1 Brine
WA, e oducion
-4 Olympus 1 Gas

+—‘@ Olympus 1 Reservoir

v Select the Design tab and then the Inlets tab (if not already there)

v' Select the gray cells to the left of the first two rows. This highlights the row. Then press the
Delete key to remove the rows.

Type Name Flow
Olympus 1 Brine

Inlets.

Olympus 1 Gas

=gelect=

v' With the inlets now empty, select Whole Fluid as the Type
v In the Name column, select Olympus 1 Reservoir

L

i The Flow cell should display <Automatic>, meaning that the fluid mass (and volume)
computed in the reservoir is being transferred to this object.

] Type Name Flow
Whole Fluid {m3/day) Olympus 1 Reservoir <Automatics

Inlets

=selsct=

The Whole Fluid type refers to all the phases within the fluid. The Automatic option takes the
final flow rate phase of the separator and automatically enters this as the flow rate in the Scale
Scenario calculation.

v' The Conditions tab does not need to be edited since the Locations with their respective T and
P had been previously entered

v' Select the Solid tab and make sure the Standard box is checked

Solids Selection

Inlets

{Calcite)
Cas04 (Anhydrite)

w

.E Ca504.2H20 (Gypsum)

b= NaCl {Halite)

I i [¥] 5504 (Celestine (celestite))
+1-[] Expanded
- al

=

F

v Calculate (Or press <F9> key)
v" Select the Plot tab and select View Plot
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v Click on the [Default Plot] entry in the Plot Template Manager to reset the plot to its default
variables.

T T T T T
34
32F _— BaS04 (Barite) - Sol Pre-scaling tendency [Pre-5T] }/’ B
30 —&—CaC03 (Calcite) - Sol Pre-scaling tendency [Pre-5T] / -
28 -_ —m— CaC03 (Aragonite) - Sol Pre-scaling tendency [Pre-ST) / _-
26 '_ —4—HZ20 - 5ol Pre-scaling tendency [Pre-5T] / N
,E r Sr304 (Celestine (celestite)) - Sol Pre-scaling tendency [Pre-5T] / T
S 24t / ]
= [ / 1
c 22 / _
ﬁ L 4
20 B
2l e ]
g0 _— J
;I_j 1.6 _— f____—f'/ _.
£ 14| fﬁ___,_,-—— 4
m F i q
= - " _
£ 1.2 Jfﬂf,ﬁt . ]
o 10 F s———— — — —k { "'-—.__‘_____ —
! - S N T ]
08 W — - A
B ——a
06 | -
L - - —— 4
M . - — —* —* ]
0.2 | B
U U [ | 1 1 | | ]
’ 2 4. Q &
%, % %a, %, B, % %,

%b %, %, %, ,5% % 2

Y ‘%/ & s 2.

At Reservoir conditions (125°C and 275 atm), the Calcite and Barite pre-scaling tendency are 1.0 by
design. As production moves up the tubing, pressure and temperature decrease. CaCOs; scale
tendencies decreases and reach a minimum at Separator conditions (60°C and 30 atm). Barite
scaling tendencies increase at each location because the temperature decreases, and barite
saturation is temperature sensitive.

v Save the file =

Summary

The Saturator is a tool for creating a representative reservoir fluid. This calculation constrains the
fluid to be in equilibrium with the minerals selected. This causes the fluid composition to be fixed for
those precipitating ions. It becomes a compositional starting point for computing scale risk.

The basis of this calculation is that water in the pores of a rock matrix is at equilibrium with the mineral
surface. Some questions to consider are whether it is reasonable to assume that a reservoir gas, olil,
water, and rock are in equilibrium. Furthermore, we should also consider over what vertical and radial
distance we can make this claim.

Regardless of the inconsistencies, the industry widely accepts this approach. It is up to the analyst
to decide if the Saturator produces a more representative fluid than the original data.
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Chapter 5 — Olympus Production
Contour Plot

Overview

An alternative to the Scale Scenario calculation is the Contour Diagram. The Contour diagram
calculation studies a range of temperatures and pressures. By comparison, the Scale Scenario
studies specific production locations (wellhead, GLV, PLT, etc.), and generally no more than ten are
entered. The purpose for using this object is to then create a matrix of temperature and pressure
conditions and overlay a fluid’s properties, like scale tendencies, over it.

You will need to have completed Chapters 2 to 4 before starting this chapter.

Task 7 — Create an Initial Contour Diagram

v Open the file used in Chapter 4.

v" Add a Scale Contour by selecting Calculations > ScaleChem > Add Contour or double-
clicking on Add Scale Contour in the Actions Pane @ Add Scale Contour

v" Rename the object Olympus 1 Contour

Mavigator L o= X

S5C Basics - Chapter 04.0ad*

%’" ScaleChem Training Description Design (il Plot
+- T Olympus 1 Brine

+|35? Olympus 1 Production Mame: |Dlympus1 Cortou |
+-‘@ Olympus 1 Gas

+@ Olympus 1 Reservoir
L Olympus 1 Centour Description

v Select the Design tab
v' Select Inlet grid and choose, and under the Type column, select Whole Fluid using the
dropdown arrow

Name Flow

Inlets

ons
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v Select Olympus 1 Reservoir in the 2" column
v Keep the <Automatic> flow rate option in the 3rd column

J Type Name Flow
Whole Fluid (m3/day) Olympus 1 Reservoir | <Altomatics ﬂ

Inlets

<sglect=

v" Click the Conditions tab

You will set the minimum conditions to the Separator (60°C, 30 bar) and the maximum conditions to
the Reservoir conditions (125°C, 275 bar). Also, to create a reasonable number of calculations
(~900) and to keep the matrix somewhat symmetric, you will use increments of 2 °C and 10 bar.

Temperature Range

v" Change the Start to 60 °C
v" Change the End to 125 °C
v" Select the Increment radio button - Enter 2 as the increment

Temperature Range

[iog oC w

Start (®) Increment
End 125.0 () Number Steps 33

Pressure Range

v" Uncheck the Log box (if it is checked)

Change the Start to 30 bar

Change the End to 275 bar

Select the Increment radio button (uncheck the Log box first)
Change the Increment to 10

DN N NN

Pressure Range

[(ieg bar w

Start 30,0 (®) Increment
End 275.0 (O Number Steps 25

This action creates 33 temperature and 25 pressure steps and produces a calculation matrix of
34x26 points, or 884 calculations. The calculation should take about fifteen minutes to converge,
depending on the speed of your computer.

v' Select the Solid tab
v" Place a check next to the Standard box

Solids Selection
fiv| EaSO4 (Barite)
¥ cacos (Caldte)
¥ cas04 {Anhydrite)
¥l Ca504.2H20 (Gypsum)
[ Macl (Halite)
¥ 5rs04 (Celestine (celestite))
+-[£] Expanded
+H-[7] Al

v Save the file =
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v' Calculate

Cancel
Cloze
systems, inc.
Calculating Point 33 of 884, Time Remaining: 14 minz, 38 secs
Olyrpus 1 Cantour

Display thiz dialog when calculating

A Calculation Dialog appears displaying the calculation queue. Developers at OLI Systems, Inc. have
accelerated this calculation by refining the solver algorithm and have reduced the amount of data
stored, to limit the file size.

v" When the calculation is complete, select the Plot tab i Plot

270 .> 100

250

230

210

190

170

I
=
[=1

150

Total Solid Concentration [mg/L]

Pressure [bar]

130 20.0

110
0.0
90
70

50

30

Temperature [°C]

Diagram 1: Total Solid Concentration

The default plot is the total solids forming. The color scale represents a different numerical range.
The red cells indicate heavier solid precipitation, and the faint purple-white in the center and left of
the screen indicate that little to no scale forms. The upper right corner is the Reservoir conditions
(125°C and 275 bar). The lower left represents Separator conditions (60°C and 30 bar). At both
points, minimal solids are computed to form. The fluid traveling through the piping traverses this plot
as temperature and pressure decreases. Layering production conditions (e.g., early to late life) over
this plot provides an indication as to whether production will be at risk now or in the future. For
example, if the pressure decline is significant (e.g., 60 bar), then the fluid will be unstable at the
higher temperatures (bottom of well).

This plot is a pixilated map of the thermodynamic properties of a produced fluid. The property plotted
by default is the excess solids (total solids concentration). Many other properties can be viewed,
which will be explained in the next task.
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Task 8 — Exploring the Contour Variables

There are a number of fluid properties that are worth exploring. These properties help us to
understand the fluid behavior as temperature and pressure change. The first two properties to review
are the BaSO4and CaCOs pre-scaling tendencies followed by a common fluid property, pH.

v Select the Variables button on the top right of the diagram

Wiew Data aniables

v' Expand the Pre-scaling Tendencies category
v" Double-click BaSO4 (Barite)

Contour

- Additional Stream Parameters A X fyis:  Temperature
B How Properties Y Axis:  Pressure
[+~ Thermodynamic Properties

G- Liquid-1

Liquid-2

B

-

Contour Variable:

> I BaS04 (Barite) - Sol Pre-scaling tender

52504 (Barite] - Sol Pre-scaling teng

CalC03 (Calcite) - Sol Pre-scaling ter
i CaS04 {Anhydrite) - Sol Pre-scaling
CasS04 2H20 (Gypsum) Pre-scaling
MalCl (Halite) - Sol Pre-scaling tende

v" Press the OK button and review the plot.
270

W
%)

o
BaS04 (Barite) - Sol Pre-scaling tendency [Pre—Sl‘ﬂ

250

230

210

190

170

150

Pressure [bar]

130

10

=]
=

90

70

50

30

i) 7 s g 7, PG e
o % o, o T, n B, 2

Temperature [*C]

Diagram 2: BaSO4 Pre-scaling Tendency

The contour colors change horizontally, indicating that barite scale tendency is temperature
dependent, and increases as temperature decreases. The pressure dependence is much weaker,
and it seem to indicate that scale tendency decreases as pressure decreases.
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Wariables

‘ Yiew Data

v Select the Variables button
v' Expand the Pre-scaling Tendencies category then double-click CaCO3 (Calcite)

270

v
b
re-SF]

250
230
210
190 15
170

Pressure [bar]
= o
(=) [

=y
jry
=

CaCO3 (Calcite) - Sol Pre-scaling tendency [P

w

=
=]
(=1

=
[=1

[25]
=1

[#%)
=

Temperature [°C]

Diagram 3: CaCOs Pre-scaling Tendency

Calcite has both a temperature and pressure dependence. As temperature decreases, the scale
tendency decreases, but as pressure decreases, the scale tendency increases. The latter is because
CO. degasses, which causes the pH to increase.

pH Diagram

“Wariables

. B wiewDat
v Select the Variables button Viewbas

v' Expand the Additional Stream Parameters category
v" Double-click pH — Aqueous

Contour

= Additional Stream Parameters ~ ~ X Auis:  Temperature
- Alkalinity

- Density - Liquid-1

- Diensity - Solid

- Diensity - Total

- Density - Vapor

- Diglectric Constant - Liquid-1

-- Hardness

- lanic Strength {m-based) - Liquid-1

-~ lonic Strength m-based) - Liouid-2 2] o
- lonic Strength {x-based) - Liquid-1

- Standard Liquid Volume - Liquid-1

- Standard Liquid Volume - Solid

- Standard Liquid Volume - Vapor

-- Total Dissolved Solids w

f Mwis:  Pressure

Contour Variable:

v' Press OK
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Diagram 4: pH -Aqueous

You will see an indistinguishable green plot. The scale to the right shows a range of 0 to 14 pH. This
range is much greater than the pH range of the fluid, and needs to be modified in the Plot Options.

v' Select Options button | ViwDst || vaiti: || pins |

v Click the Contour category
v Check the two Auto boxes for Minimum and Maximum

Customize Plot ? =
Category Seale
General
Legend
g Auta Yalue Caolor [Hug)
T Az ..
Minimum 1 oo I- j
b airnuirn 1 14.0 Iij
; [+]
S aturation 100 =
Brightness 100 %
|| Logarithmic szale
I QK. I | Cancel | | Apply | | Help

v" Press OK to close the window and view the plot
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Pressure [bar]

270 = 6.15
250
230
210
190 583 %
170
150
130

10

Temperature [*C]

Diagram 5: pH — Aqueous

The pH is lower in the lower temperatures and higher pressures area in the top left of the diagram
where the colors are the darkest red. At ambient temperatures, the pH jumps suddenly because of
CO;degassing at low pressures. We will evaluate the CO, concentrations next.

® There is one point where the pH is computed to be 3.65. This is the result of a calculation error,
that existed in V10.0. If you do not see this, then you are using a newer version.

CO2 (ag) Concentration

v' Select the Variables button | View Data |

Yanables

v’ Select the Liquid-1 category
v" Double-click CO2-Ligl

v Press OK

Contour

=) Liquid-1 N X hwis:  Temperature
- Ba+2

-- BaC03 - Lig1
- BaOH=1
--C2H6 - Lig1
- C3H8 - Lig1
--CEH14 - Lig1
- Ca+2
--CaCl2 - Lig1 nT
- CaCO3- LigT 5> | Jeoz-Lat
- CalH+1

- CaS04 - Ligl

- CH4 - Lig1

- Cl-1

- C02 - Lig1

- 0032 v

Y fwis:  Pressure

Contour Variable:
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270 = 905.0

250

230 706.3

210

130 507.5

170

€02 - Ligl [mgfL]

150
308.8

Pressure [bar]

130

10
< 110.0

B & b o % & % % A 7
Y%

Temperature [*C]

Diagram 6: COz — Ligl Concentration

As expected, the dissolved CO; concentration changes with conditions. This is the key concentration
that affects pH and calcite scale tendency.

CO2 (vap) K Value

You will next look at the equilibrium constant that governs CO- solubility in the water. It is commonly
referred to as the Henry’s Constant (Ky). At ideal activities, the following pressure relationship exists:

KyPco, = mco,

This constant varies with temperature and pressure and this effect is visible in the Contour diagram.

v'  Select the Variables button

v Scroll down and expand the K-Values (m-based) category and select KCO2VAP:
CO2VAP=CO2AQ

Contour

[#- Activity Coefficients - Liquid-2 (m X Asis:  Temperature
-- Fugacity Coefficients - Vapor

-- Fugacities - Vapor

[ Gibbs Free Energy

[+ Gibbs Free Energy Standard Stats
- Entropy

[#- Entropy Standard State (x-based)
i K-Values - (x-based)

T | > | |KCO2VAP: COZVAP=CO2AQ K Vaue
Self Diffusivities - Liquid-1
Self Diffusivities - Liquid-2
- Self Diffusivities - Vapor

[- Molecular Apparent - Liquid-1

¥ Bwis:  Pressure

Contour Variable:

v" Press Ok, and review the plot
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Diagram 7: CO2- Vap K Value

The diagram shows that Ky is highest at low temperatures and low pressures, and decreases moving
from lower left to upper right. Thus, increasing pressure and temperature decreases the value of the
constant, and thus decreases the intrinsic CO- solubility in water. CO: is therefore, least soluble at
high pressure and high temperatures. This is one reason why CO, concentration in the water phases
varies — there are others. For example, in Diagram 6, the region with the lowest CO, concentration
is in the lower right, but the Kco2 equilibrium, Diagram 7, has its lowest value in the upper right. Thus,
there are additional factors controlling CO: solubility.

Summary

This chapter introduced the Contour Diagram and discussed how one can use this in production
applications. The contour diagrams are also used and to study the thermodynamic aspects of a given
system.
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Chapter 6 —Titan Production

Overview

Chapters 2 through 5 provided detailed instructions on using the following ScaleChem objects:
e Brine and Gas Analyses, Scale Scenario calculation (Chapters 2 to 3)
e Saturator Calculations (Chapter 4)
e Contour Scale Calculation (Chapter 5)

This chapter will cover the same calculation objects using fewer instructions. Its purpose is to
reinforce what was learned in chapters 2 — 5 and to promote the anticipating of next-steps when
using the interface. The chapter is divided into the following tasks:

Task 1 — Add a New Brine

Task 2 — Add a New Gas

Task 3 — Add a New Reservoir Saturator

Task 4 — Recalculate the Scale Scenario with Reservoir
Task 5 — Add a New Contour Diagram

The well is Titan 1, a hypothetical gas well with saline water (75000 mg/l TDS). The brine and gas
compositions samples were taken after drilling the well. We will look at several aspects of this brine
including, what scales may form during production, if solids will saturate at reservoir conditions, and
how chemistry may change as pressure depletes.

IT IS IMPORTANT, that you do this work in the file you created for Chapter 2 to 5 (Olympus well).
Doing so will eliminate complications in Chapter 7.

Task 1 — Add a New Brine
v" Open the SSC Basics file

v Add a new Brine Analysis & Add Brine Analysis
e @ Olympus 1 Contour
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v Select the Design tab
v Enter the Brine Analysis (cations/anions/neutrals) from the table below in the Data Entry grid

Titan 1 Brine Analysis
Cations mg/l Anions mg/l Neutrals mg/I Measured Data
Na+1 | 30000 | CI-1 45000 | B(OH)3 | 100 | Temperature (°C) | 25
K+1 600 S04-2 50 Pressure (bar) 1
Cat+2 | 150 HCO3-1 420 pH 7.1
Mg+2 | 150 C2H302-1 | 350 Alkalinity 550
Sr+2 | 50
Bat2 | 25
Fe+2 | 2

v Select the show non-zero option and keep the default balance option as Dominant lon

= J Variable Value Balanced Entry Options
E Cations (mg/L) Units
Bl mmomn] oo | R -
=] . Display
Ca+2 150.000|  150.000
Mg+2 150.000] 10000 FOMM™UR z
% Sr+2 50.0000| 50.0000
E Ba+2 250000 25.0000 Show Balanced Column
o Fes2 2.00000| 2.00000
Template Manager
Anions (mg/L) Standard ~
cH 45000.0 | 47075.1
5042 50.0000| £0.0000 save as...
HCO3-1 420.000| 420.000
c2H302-1 350.000| 350000  Balance Options
Type
Neutrals (mgiL)
BIOH)3 100.000|  100.000

v' Select the Reconcile (blue) tab

v Enter the Measured Data from the table above
(default temperature and pressure; 7.1 pH; 550 mg HCO3/L Alkalinity)

v Select the Measured pH and Alkalinity calculation option

Calculate Brine Properties Using:

(O Concentration Data Only Specs... Calculate @

(7) Gas-Phase CO2 Content (mole%s)

(®) Measured pH and Alkalinity [ allow solids to form

(") Measured pH Onily

Data Entry

(C)Measured pH, Alkalinity, TIC

&

e Caleulate Alkalinity

E J Properties Measured Calculated
Temperature ("C) 25.0000
Presgure (atm) 1.00000
pH 7.10000
Alkalinity (mg HCO2/L)
Alkalinity End Point pH 4.50000
Density (g/ml} 0.0
Elec Cond, specific (umho/cm) 00
Total Dissolved Solids (mo/L) 0.0

Composition Adjustments

Add Charge Balance (mg/L C-1)

The Alkalinity End Point pH will automatically display 4.5. This is the standard endpoint for a
carbonate alkalinity experiment.
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v Select the Calculate button or press the <F9> key

e
=
i

o
™
o

v Save the file s

Reconcile

Task 2 — Add a New Gas

v' Label it Titan 1 Gas

v' Select the Expanded template

Summary
Calculate Brine Properties Using:
(C) Concentration Data Only Specs... Calculate @ | Unit Set: Metric (mass concentration)
(C) Gas-Phase CO2 Content (mole¥s) Automatic Chemistry Wodel
| (®) Measured pH and Alkalini [ allow solids to form MSE-SRK (H30+ ion) Databanks:
() Measured pH Only MSE-SRK (H30+ ion)
() Measured pH, Alkalinity, TIC ND’?:G':;;’;;:;
Calculate Alkalinity Second Liguid phase
™ s = Us=ing Helgeson Direct
roperties M d .
Temperature (:C) 25.0000 ?;:;::;;??;te;:uuuu
Pressure (atm) 1.00000 Pressure (atm) 1.00000
pH 710000 10000 i Stream amount (L} 1.00000/
Alkalinity (mg HCO3/L) 550.000 550.000 Domi t1on Ch Bala
Alkalinity End Point pH 450000 ‘e‘;‘,nl_l;.:a“ n Lharge nee
Density (g/mi) 0.0 1.05113 Cation Charge| 1.34167
Elec Cond, specific (umho/cm) 0.0 1.08160e5 Anion Charge | -1.28314
Total Dissolved Solids (mg/L) 0.0 HiA Imbalance 0.0585303
Composition Adjustments lon(s) needed to balance (malL):
Added titrant (mg/L) HCI 37.8553 Ck1/2075.075
Add carbonate (mo/L CO2) -25.4185 Measured pH and Alkalinity.
Add Charge Balance (mg/L CH1) 2075.08 Phase Amounts:
Liquid-1 (g) 1051.13,
P .
v" Add a new Gas Analysis ¥ Add Gas Analysis
i b Titan 1 Brine
2 Titan 1 Gas
w Component Value | Normalized | Entry Options
; Subtotal: 0.| Subtotal: 100. Units
= H20 00 00| |mole % |
?\ v CH4 0.0 100.000 Display
o nz oo L0 |Formula ~ |
‘O coz 0.0 0.0
E Hos 00 00| [IShow Non-zero Only
= CoHE 00 00 Show Mormalized Column
C3Ha 0.0 o Template Manager
C4H10 0.0 0.0
n-C4H10 0.0 0.0 IlElﬂJar‘lded -
FCSH12 00 0.0 | Standard
n-CSH12 0.0 0.0
C5H14 0.0 0.0
C7H1E 0.0 0.0/ Mormalize Options
FC8H18 0.0 0.0 ||""'|3kEl-|I3I "l
n-C8H18 0.0 0.0
Group Manager
CoH20 0.0 0.0 uset ad
se Groups A
C10H22 0.0 0.0 F
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v Enter the following gas composition

Formula | Component name | Mole %
H20 Water 1.40
CH4 Methane 74.00
N2 Nitrogen 1.00
CO2 Carbon dioxide 1.50
C2H6 Ethane 6.40
C3H8 Propane 4.00
i-C4H10 | Isobutane 3.00
n-C4H10 | n-Butane 3.00
i-C5H12 | Isopentane 2.00
C5H12 n-Pentane 2.00
C6H14 n-Hexane 0.50
C7H16 n-Heptane 0.40
iC8H18 Isooctane 0.30
C8H18 n-Octane 0.30
C9H20 n-Nonane 0.10
C10H22 | n-Decane 0.10

v Check the Show Non-zero Only box

_|  component Value |Normalized| ~Entry Options ]  component Value |Normalized| Entry Options
Subtotal: | Subtotal: 10 Units Subtotal: | Subtotal: 10 Units
[ water 1.40000 140000  [mole % - = 1.40000 140000  [mole % »
[v  Methane 74.0000 740000 gy [« cHe 74.0000 40000 ey
[ Mirogen 1.00000 100000 [ e = [ w2 1.00000 1.00000
[ Carbon dioxide | 1.50000 1.50000 [ coz 1.50000 1.50000
[ Ethane 6.40000|  6.40000 Show Non-zero Orly [ ca6 540000  6.40000 Show Non-zero Orly
[~ Propane 200000 200000 [415how Normalized Column [ cams £.00000 200000, [415how Normalized Column
[ Isobutane 3.00000 300000|  roiote Manager [ icanto 3.00000 300000 roriote Manager
[ n-Butane 3.00000 3.00000 [~ n-cento 3.00000 3.00000
| lsopentane 2.00000 2.00000 Expanded = | icsHi2 2.00000 2.00000 Expanded i
[ n-Pentane 2.00000 2.00000 FE— [ ncshiz 2.00000 2.00000 F—
[ n-Hexane 0.500000|  0.500000 [ csH1s 0.500000|  0.500000
[ n-Heptans 0.400000|  0.400000 [~ cHs 0.400000|  0.400000
[ Iscoctane 0300000  0.300000| Mormalize Options [~ icanis 0.300000|  0.300000| Mermalize Options
[ n-Octane 0.300000|  0.300000 Makeup = | ncaHiz 0.300000|  0.300000 Makeup i
[ n-Nonane 0100000 000000 [~ conze 0.100000| 0.100000)
roup Manager roup Manager
-D 0.100000 [ 0.100000] C10HZ2 0.100000|  0.100000
Titan 1 Gas in Display Name View Titan 1 Gas in Formula View

v' Select the Reconcile (blue) tab
v Calculate

v Save the file =
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Task 3 — Add a New Saturator

We do not necessarily know which species are likely to be saturated unless a mineralogy was
provided. Therefore, using the saturator is a bit of an unknown factor. It is reasonable to create the
saturator as before and select the standard solids but to not saturate a specific mineral. From this
initial assessment, one can see which minerals are at or near saturation, and this can guide further

decisions.

v' Add a Saturator & Add Saturater
@ Titan 1 Gas

v Label it Titan 1 Reservoir -3 Titan 1 Reservoir
v" Go to the Design tab and then to the Inlets (red) tab
v' Add the Titan 1 Brine at a flow of 100 m3/day
v' Add the Titan 1 Gas at 300 std E3m3/day
2]
E J Type Name Flow
= Brine (m2/day) Titan 1 Brine 100.000
Gas (std E3m3/day) Titan 1 Gas 300.000
|
v' Enter the Reservoir Conditions of 160°C and 470 bar
J Conditions Value
Temperature (*C) 160.000
Pressure (bar) 470.000
v' Select the Solid (blue) tab
v" Check the Standard solid box
Solid Selection (check solids allowed to form)
B
-] Bas04 (Barite)
--[¥] CaCco3 (Calcite)
- [w] Cas04 (Anhydrite)
--[¥] Cas04.2H20 (Gypsum)
-.[¥] FeCo3 (Siderite)
-.[w] Fes (Mackinawite) (Mackinawite)
Fes (Pyrrhotite)
-{w] MaCl (Halite)
..[¥] Sr504 (Celestine (celestite))
E]---D Expanded
w- A
v' Calculate
v" Review the pre-Scale Tendencies in the Report tab (& Report
Pre and Post Scaling Tendencies
Formula Mineral Excess Solute Excess Solute Pre-Scale Pre-Scale Post-Scale Post-Scale
maiL 1bi1000bbl S, ST sI, Index S, ST sI, Index
BaCO3 Witherite 2 66282e-3 -2 57466 2 66282e-3 -2 57466
WMgiOH)2 Brucite 6.82512e-3 -2 16589 6.82512e-3 -2 16589
MaCl Halite 00 00 0.0175853 -1.75485 0.0175853 -1.75485
Bas04 Barite 00 00 0667204 -0.175742 0.667204 -0.175742
Sr304 Celestine (celestite) 00 00 0.0380715 -1.41940 0.0380715 -1.41940
SrCo3 Strontianite 00751172 -1.12426 00751172 -1.12426
Caco3 Calcite 00 00 0.324661 -0.438569 0.324661 -0.488569
CaS04 2ZH20 Gypsum 00 00 1.66865e-3 277764 1.66865e-3 -2 77764
Cas0o4 Anhydrite 00 00 0.0103396 -1.98550 0.0103396 -1.98550
KCI sylvite 1.80909e-4 -3 74254 1.80909e-4 -3 74254
Feco3 Siderite 0.0 0.0 0.0729053 113724 00720053 113724
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Notice that BaSO, is about 67% saturated, CaCOs is about 32% saturated and FeCOs is only about
7% saturated. Based on this results there is no need to saturate with solids, and we will keep our
original water analysis.

So based on these results, would it be reasonable to saturate with all three solids? The only mineral
that we could argue that we could saturate — to account for the worst case scenario — is Barite.

v Go back to the Solids tab, and select Barite as the mineral to saturate, and BaSO4 as the inflow
to vary.

P Solid Selection (check solids allowed to form) Calculate @
@
= =-[¥] Standard B
Ba504 (Barite) [ caloulate Alkalinity
- CaC03 (Caldte) Summary
= CaS04 (Anhydrite)
] Cas04.2H20 (Gypsum) Unit Set: Scale Metric
FeCO3 (Siderite)
Natl (Halite) Autematic Chemistry Model
- Sr504 (Celestine (celestite)) MSE-SRK (H30+ ion) Databanks:
=[] Expanded MSE-SRK (H20+ ion)
20 Al MSE (H30+ ion}
Secend Liguid phase
Excluding 156 solid phases
Using Helgeson Direct
Inlets:
Brine (m3day) | ="' 100.000
Reservoir Mineral Saturation Section Bring
J Mineral to saturate Inflow to vary E:S;fam . T'ti; 1 300.000
m3/da as
BaS04 (Bartte) BaS04 ¥
<Select Solids Selected Solids:
. To
» Solid Saturate Inflow
BaSO4 (Barite) “es BaS04
v" Re-calculate
v Review the pre-Scale Tendencies in the Report tab Bl Report
Pre and Post Scaling Tendencies
Formula Mineral Excess Solute Excess Solute Pre-Scale Pre-Scale Post-Scale Post-Scale
maiL 1b/1000bbl s, ST sl Index s, ST sl Index
BaCO3 Witherite 3.56563e-3 -2.44736 3.56562e-3 -2 44786
Mg(OH)2 Brucite G.82308e-3 -2.16602 6.82307e-3 -2.16602
MNaCl Halite 0.0 (] 0.0175844 -1.75487 0.01755844 -1.75487
BaS04 Barite 5.37051e-5 1.88240e-5 1.00000 2.03697e-7 1.00000 0.0
Sr504 Celestine (celestite) 0.0 (] 0.0426291 -1.37029 0.0426291 -1.37029
SrC03 Strontianite 0.0751447 -1.12410 0.0751447 -1.12410
CaCo3 Calcite 0.0 0.0 0.324528 -0.488748 0.324528 -0.488748
CaS04.2H20 Gypsum 0.0 00 1.86695e-3 -2.72887 1.86695e-3 -2.72887
CasSo4 Anhydrite 0.0 0.0 0.0115684 -1.93673 0.0115684 -1.93673
KCI sylvite 1.80897e-4 -3.74257 1.80897e-4 -3.74257
FeCO3 Siderite 0.0 (] 0.0729023 -1.13726 0.0729023 -1.13726

Notice that now the fluid is saturated with Barite (Pre-Scale = 1.0).

Review the Brine Composition table. The original Ba+2 value has been overwritten to 32 mg/L.

v Save the file I
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Task 4 — Add a New Scale Scenario

Once the reservoir fluid is prepared, the next step is to compute scaling up the production line.

v Add a Scale Scenario & Add Scale Scenario
[ Titan 1 Reservoir

v Label it Titan 1 Scaling “-k~ Titan 1 Production
v' Enter Whole Fluid —Titan 1 Reservoir into the grid

v" Keep the <Automatic> flow rate

J Type

Inlets

<gelect=

v Select the Conditions tab and enter the production conditions from the table below

Whaole Fluid {m3/day)

Name

Titan 1 Reservaoir

Flow

<Automatics

Current Reservoir
Perforations
2000 m

1000 m

Wellhead

Slug Catcher

Separator

Conditions

<Enter Location Name=

N Location

Temperature (*| Pressure (bar)  Drop Solids

160.000
160.000
145.000
130.000
110.000
110.000
70.0000

470.000
450.000
300.000
Z20.000
170.000
140.000

I

o Some of the names are not in the drop-down list. Therefore, type in the location names as

necessary.

@ your data is in Excel, Word, or other tabular format then you can copy and paste it into the
conditions grid. Conversely, this grid can be copied and pasted to another scale scenario, or to

external program.

v" Select the Solid tab then check the Standard box

Inlets

Conditions

Solid

Selids Selection

£

R

BaSO4 (Barite)
CaCo3 {Caldte)
CasS04 (Anhydrite)
Ca504.2H20 (Gypsum)
FeCO3 (Siderite)
M Nacl (Halite)

Sr304 (Celestine (celestite])
i--[7] Expanded
=[] Al
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v' Select the Calculate button or press the <F9> key

v'  Select the Plot tab

The default plot shows pre-scaling tendencies for the five dominant scaling species.
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38|
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32|
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22
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Dominant Pre-scaling Tendencies

0.8

06 [
04 [
0.2 [
pol

—a— BaS04 (Barite) - Sol Pre-scaling tendency [Pre-3T]

——H20 - Sol Pre-scaling tendency [Pre-3T]

—m— CaC03 (Calcite) - Sol Pre-gcaling tendency [Pre-5T]

—— CaC03 (Aragonite) - Sol Pre-scaling tendency [Pre-3T]
FeCO3 (Siderite) - Sol Pre-scaling tendency [Pre-5T]
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The results indicate that Barite becomes supersaturated as the fluid moves through the different
locations. Starts at ST=1.0, because we defined that the fluid is saturated at the reservoir — but as
we are producing the fluid, the scaling risk increases up to 4 at the surface. This is indicating that as
the fluid starts to cool down at the surface, we start seeing the supersaturation of Barite going up.

For a closer look at the solids that formed, we can adjust the plot parameters.

v" Select the Curves button

=) Yiew Data Yariables

Options

v' Select the Y1 Axis header to highlight all the Y1 variables then select the << button to remove
the current variable

v" Expand the Solid category then double-click BaSO4 to add it to the Y1 Axis
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Curves

[+~ Vapor
- Liquid-2
=)

- Dominant Solid
[+~ Molecular Totals
- MBG Totals - Totals
MBG Totals - Liquid-1
- MBG Totals - Vapor
MBG Totals - Liquid-2

v Press OK and view the Plot

A X Auxis

= Locations

11 Ais

3

BaS504 (Barite) - Sol

- Sol [mgfL]

BaS04 (Barite)
>
T

—&— BaS04 (Barite) - Sol [mg/L]

v' Select the View
E] View Data

Save the file I

Warables

Locations 53504
(Barite) - 5o

mgiL
1 Current Rezervoir 0.0
2 Perforations 0.712545
3 2000 m 3.22231
4 1000 m 13.5677
3 Wellhead 19.7231
6 Slug Catcher 20,5341
T Separator 35,0067

Data button to see the solids’ concentrations at each location

OLI Studio: ScaleChem Basics —Titan Production

6-9




Task 5 - Add a New Contour Diagram

You will create a Contour plot for the Titan 1 Reservoir to gain additional practice

v' Add a Scale Contour @ Add Scale Contour
[+l Titan 1 Production

v

v

Label it Titan 1 Contour

Add the Whole Fluid, Titan 1 Reservoir

Keep the <Automatic> flow rate

B Type

Whole Fluid (m3/day
=select>

Click the Conditions tab
Change the settings as follows

Inlets

)] Titan 1 Reservoir

Name

Flow

<Autumatic>ﬂ

Titan Contour

Conditions Start | End | Increment | Steps (calc)
Temperature, °C | 70 160 2 45
Pressure, bar 40 | 470 10 43

i Make sure to uncheck the Log box for the temperature and pressure range

v" Select the Solid tab and select the Standard box

Inlets

Conditions

Solid

v/ Save the file before running =

Solids Selection

=

KEKKREXE

(|

:'D
=-[ Al

i The calculation may take 30 minutes

v' Calculate and look at the Plot

BaSO4 (Barite)
CaCO3 (Calcite)
Ca504 (Anhydrite)

CaS04. 2H20 (Gypsum)

FeCO3 (Siderite)
MaCl {Halite)
Srs04 (Celestine (celestite))

Expanded
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Titan Solid Concentration in Contour diagram

® There are four points where the total solid concentration is very high. These are the result of a
calculation error, that existed in V10.0. If you do not see this, then you are using a newer version.

Notice that as pressure drops the scale concentration is computed to increase at higher
temperatures. This plot is similar to the Olympus plot, and it can be inferred that the scale forming at
lower pressures: a pressure-dependent scale, is either calcite, siderite, or both. The increased scale
at lower temperatures (shade to darker blue moving to lower temperatures) is likewise, probably
barite. That solid was shown to be temperature dependent in the Olympus case.

v" We can confirm these inferences, by plotting the CaCO3, FeCO3, and BaSO4 variables in the
Solids category.
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v Save the file s

Summary

This chapter summarizes a production operation from start to finish. At this point, the calculation
windows should start to look familiar and we should begin to anticipate the next steps.
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Chapter 7 — Titan-Olympus
Mixing and Production Facilities

Overview

This section presents a new calculation objects, Facilities. The Facilities is a simplified process
simulator; it mixes and separates. It will be used to model the production facilities of the Olympus
and Titan wells. Therefore, to this work, you must have completed Chapters 2 through 6 and have
all calculations in the same file (you can download the file case from Chapter 2 through 6 HERE).

Facilities Diagram

The diagram below is the production schematic for the Olympus and Titan fluids (gas, oil, brine).
Both wells are produced to the same separation facility. The flow of each well was set in the previous
chapters when you created the Saturator (Reservoir) object. These same flows are used in the
facilities scenario. Each process unit in the schematic below are modeled as a Node in the facilities
object. Nodes contain inlet and outlet streams and are isothermal calculations (fixed temperature
and pressure). The nodes also have the capability to separate phases (gas, oil, and solid) from the
brine stream. There are several nodes in the scenario below, and some of them are used as

separators.
Manifold
..
Olympus Olympus Olympus

Reservoir — Wellhead — Choke
125°C | 275bar 100°C / 130bar 90°C / 110bar
Gas
Treatment —
15°C/ 1 bar
Flowline (L LP oil oil
80°C / 90bar — Separator —_— Separator i Heater e Treatment —
60°C / 60bar 50°C / 20bar 90°C / 15bar 15°C /1 bar
‘ ‘ Water
Disposal -

15°C/ 1 bar
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Modeling the Surface Facilities of the Olympus and Titan Fields

In order to model this case realistically, we will start by adding a few additional waters to the file.
Following that initial step, we will create the Facilities object

v'  Select Calculations > ScaleChem > Add Facilities or select the Add Facilities action icon
I add Facilities
v' Label it Topside

| Navigator p - x|
SSC Basics - Chapter 06.0ad” | T
&b ScaleChem Training Description Design
-l Olympus 1 Brine
[3---|;¢ Dympus 1 Preduction Mame: |T0pside|
47 Olympus 1 Gas
- Olympus 1 Reservoir
--([3 Olympus 1 Contour e

G- Tgp Titan 1 Brine
-4 Titan 1 Gas

-2 Titan 1 Reservoir
[3---[;1@ Titan 1 Producticn
- Titan 1 Contour

- 3H Topside

v' Select the Design tab

The top of the Inflow Specs screen shows node diagrams, which we build in the bottom half of the
screen. For each node, we add conditions, inlets (i.e. brines or other nodes), and outlets (i.e. new
nodes). We can also separate gas, oil, or drop solids.

Nodes are
displayed here

/ Snlid/ Conditions/ Inflow Specs )

Node Input [Jorop Solids Zoom N d ith
Mame: Mode 1 ew nodaes wi
[ calculate alkalinity | &, . .
add | | Delete seEErEn L their respective
Conditions Value cCo ndltio ns are
Temperature (*C} 15.0 added here
Pressure (bar} 1.01325
Type Name Flow Inflows are added
=zelect= hE I'E
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The following table contains the conditions for each production location (nodes) in this example.

# Location Temperature (°C) | Pressure (bar) Type Name

1 Titan Reservoir 160 470 Whole Fluid Titan 1 Reservoir

2 Titan Wellhead 110 170 Whole Fluid From Titan Reservoir

3 Titan Choke 110 140 Whole Fluid From Titan Wellhead

4 | Olympus Reservoir 125 275 Whole Fluid Olympus 1 Reservoir

5 | Olympus Wellhead 100 100 Whole Fluid From | Olympus Reservoir

6 Olympus Choke 90 80 Whole Fluid From | Olympus Wellhead

Whole Fluid From Olympus Choke
7 Manifold 100 100
Whole Fluid From Titan Choke

8 Flowline 80 90 Whole Fluid From Manifold

9 HP Separator 60 60 Whole Fluid From Flowline

10 LP Separator 50 20 Oil From HP Separator

11 Oil Heater 90 15 Oil From LP Separator
Gas From HP Separator

12 Gas Treatment 15 1 Gas From LP Separator
Gas From Oil Heater

13 Oil Treatment 15 1 Oil From Oil Heater
Brine From HP Separator
Brine From LP Separator

14 | Water Treatment 15 1 Brine From Oil Heater
Brine From Gas Treatment
Brine From Oil Treatment

v" Click on the Add button 14 times, to add 14 nodes for the corresponding locations

2
Wode Mode
8 ~
E Mode 5 10 11
=1
w
=
[=]
—
=
- —.
= —
ZE Node
= 13
(=]
[
W
=R .
fE Mode Input
Mame: Mode 14 [ brop Solids Zoom
[ calculate Alkalinity al @
Add Delete

Next, we need to tell the software where the fluid is flowing through these nodes.
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Task 1 — Create the Titan Reservoir

v" Double-click Node 1 then type Titan Reservoir as the name

b
—»
Titan
Reservoir

After naming a node, we work in the Node Input area to enter its conditions and inflows.

v' Enter Conditions of 160 °C and 470 bar

v Select Whole Fluid as the Type of fluid
v Select Titan 1 Reservoir in the Name column
v Keep the <Automatic> flow rate
I
] Ll
§- — — —
—. — —
o - — —
E Re?:rlmr Node 2 Node 3 Node 4
e
=
w
[ =
i
._“é
= — — — —
o —. —. — —.
L&) - - - -
\ Node 5 Node § Node 7 Node 3
=
3 v
< >
Node Input _
Name: Titan Reservoir EDFTP ISOIIdSIkaI Zoom
Calculate Alkalinity | &),
Add Delete AR @
| Conditions Value
Temperature (*C} 160.0
Preszure (bar) 470.0
Type Name Flow
Whole Fluid (m3/day) Titan Reservoir <Automatic=

We will continue to add more nodes.

® vou also have the option to go to the Conditions tab to enter the names, T and P of each
location.

v' Go to the Conditions tab and enter the information given below
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-
o Node # Name Temperature (*C) Pressure (bar)
[1k]
UE;- 1 Titan Reservoir 160.000 470.000
E 2 Titan Wellhead 110.000 170.000
E 3 Titan Choke 110.000 140.000
r— 4 Ohympus Reservoir 125.000 275.000
E 5 Olympus Wellhead 100.000 100.000
._E 1 Okympus Choke S0.0000 80.0000
'E 7 Manifold 100.000 100.000
‘3 8 Flowline a0.0000 S0.0000
9 HP Separator §0.0000 60.0000
10 LP Separator 50.0000 20.0000
% 11 Oil Heater S0.0000 15.0000
o 12 Gas Treatment 15.0000 1.00000
13 Oil Treatment 15.0000 1.00000
14 Water Treatment 15.0000 1.00000

v' Go back to the Inflow Specs tab to complete the specifications for each node

Task 2 — Titan Wellhead
v' Select the Titan Wellhead node

v Confirm the Conditions of 110°C and 170 bar
v' Select Whole Fluid from as the Type of fluid
v' Select Titan Reservoir in the Name column
v' The flow rate appears as Calculated
( w ~
i — —
—. —»
L] . -
g Titan 4 Titan Titan Olympus
= Reservoir Wellhead Choke Reservoir
c
D
=
£
:E — — — —
[= — — — —*
L&) - - - -
Ohympus Ohympus . :
\ Welhead Choke Manifold Flowline
=
3 v
£ >
MNode Input
Name: Titan Wellhead []orop Salids Zoam
[Jcalaulate Alkalinity
Conditions Value
Temperature (*C) 130.0
Pressure (bar) 175.0
Type Name Flow
Whole Fluid from (m3/day) Titan Reservoir Calculated

When an inflow to a node comes from another node, the Flow column is automatically calculated.
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Task 3 —Titan Choke

v" Select Titan Choke node

Confirm the Conditions of 110°C and 140 bar
Select Whole Fluid from as the Type of fluid
Select Titan Wellhead in the name column

ANERNERN

Titan
Reservoir

Titan
Wellhead

Inflow Specs

Conditions

e
i

—
—.
—-

Olympus
Wellhead

Olympus

Choke Manifold

Solid

<

MNode Input

Mame: Titan Choke Zoom

a & [@

[Jorop Solids
[ calculate Alkalinity

Add Delete

b

Olympus
Reservoir

iy

Flowline

Conditions

|

Temperature (*C)

Pressure (bar)

Value
110.0
140.0

Name

|

Type

Flow

Whole Fluid from {m2/day) Titan Wellhead

Calculated

=sglects

Task 4 — Olympus Reservoir

v' Select the Olympus Reservoir node

Confirm the Conditions of 125°C and 275 bar
Select Whole Fluid as the Type of fluid

Select Olympus 1 Reservoir in the Name column
Keep the <Automatic> flow rate

VAN NEN

Conditions Value

|

Temperature (*C)

Pressure (bar)

125.0
275.0

u

Type Name

Whole Fluid (m3/day) Olympus 1 Reservoir

Task 5 - Olympus Wellhead

v' Select the Olympus Wellhead node
v Confirm the Conditions of 100°C and 100 bar
v Select Whole Fluid from as the Type of fluid

Flow

<Automatic=
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v Select Olympus Reservoir in the Name column

Task 6 — Olympus Choke

v' Select the Olympus Choke node

A NERNERN

_______ Conditions Value
Temperature (*C) 100.0
Pressure (bar} 100.0
Type Name Flow
Whole Fluid from (m2/day} Olympus Reservoir Calculated
Confirm the Conditions of 90°C and 80 bar
Select Whole Fluid from as the Type of fluid
Select Olympus Wellhead in the Name column
Conditions Value
Temperature (*C} 50.0
Pressure (bar) 80.0
Type Name Flow

Whole Fluid from (m2/day)

Task 7 — Manifold

v" Select the Manifold node
v Enter conditions of 100°C and

Otympus Wellhead

100 bar

v" We will enter now two inlets for this node:
o Inthe first row, select Whole Fluid from as the Type of fluid, and then select Olympus

Choke as the Name

Calculated

o Inthe second row, select Whole Fluid from as the Type of fluid, and then select Titan

Choke as the Name

| Conditions Value
Temperature (*C) 100.0
Preszure (bar} 100.0
J Type Name Flow
Whaole Fluid from (m3/day) Titan Choke Calculated
Whaole Fluid from (m2/day) Olympus Choke | Calculated

v" The software will automatically calculate the flow for each brine

Task 8 — Flowline

v' Select the Flowline node
Confirm the conditions of 80°C

ANERNERN

Select Manifold as the Name

and 90 bar

Select Whole Fluid from as the Type of fluid
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Task 9 — HP Separator

v

AN NI

Select the HP Separator node

Select Flowline as the Name

Task 10 — LP Separator

v

v
v
v

Select the LP Separator node

Task 11 — Oil Heater

v

A NERNERN

Select the Oil Heater node

Conditions Value
Temperature (*C) 80.0
Pressure (bar) 50.0
Type Name Flow
Whole Fluid from (m3/day) Manifold Calculated
Confirm the conditions of 60°C and 60 bar
Select Whole Fluid from as the Type of fluid
Conditions Value
Temperature (*C) 60.0
Pressure (bar) 60.0
Type Name Flow
Whole Fluid from (m3/day) Flowline Calculated
Confirm the conditions of 50°C and 20 bar
Select Oil from as the Type of fluid
Select HP Separator as the Name
Conditions Value
Temperature (*C} 500
Pressure (bar) 200
Type Name Flow
Oil from {m3/day) HP Separator ~ Calculated
Confirm the conditions of 90°C and 15 bar
Select Oil from as the Type of fluid
Select LP Separator as the Name
Conditions Value
Temperature (*C) 8500
Pressure (bar) 15.0
Type Name Flow
Qil from (m2/davy) LP Separator ~ Calculated
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Task 12 — Gas Treatment

v' Select the Gas Treatment node
v" Confirm the conditions of 15°C and 1 bar
v" We will enter three different gases for this node:

o Inthe first row, select Gas from as the Type of fluid, and then select HP Separator as the

Name
o Inthe second row, select Gas from as the Type of fluid, and then select LP Separator as
the Name
o Inthe third row, select Gas from as the Type of fluid, and then select Oil Heater as the
Name
[ ] Conditions Value
Temperature (*C}) 15.0
Pressure (bar) 1.0
J Type Name Flow
Gas from (E3m3/day) HP Separator Calculated
Gas from (E3m3/day) LP Separator Calculated
Gas from (E3m3/day) Oil Heater Calculated

Task 13 — Oil Treatment

v

AR

Select the Oil Treatment node

Confirm the conditions of 15°C and 1 bar
Select Oil from as the Type of fluid

Select Oil Heater as the Name

[ | Conditions Value
Temperature (*C) 15.0
Pressure (bar) 1.0
J Type Name Flow
Oil from (m3iday} il Heater Calculated

Task 14 — Water Disposal

v Select the Water Disposal node
v" Confirm the conditions of 15°C and 1 bar
v We will enter three different brines for this node:

o In the first row, select Brine from as the Type of fluid, and then select HP Separator as
the Name

o Inthe second row, select Brine from as the Type of fluid, and then select LP Separator
as the Name

o Inthe third row, select Brine from as the Type of fluid, and then select Oil Heater as the
Name

o Inthe fourth row, select Brine from as the Type of fluid, and then select Gas Treatment
as the Name
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o In the fifth row, select Brine from as the Type of fluid, and then select Oil Treatment as

the Name
Conditions Value
Temperature ("C} 15.0
Preszure (bar) 1.0
Type Name Flow
Brine from (m3/day) HP Separator Calculated
Brine from [m3/day) LP Separator Calculated
Brine from (m3’dav) Oil Heater Calculated
Brine from (m3/day) Gas Treatment Calculated
Brine from (m3/day) Oil Treatment Calculated

Task 10 - Reviewing the process
After all the nodes are completed, the process should look like the image below.

-
w s
i _— —r

—_— — —m
wn - = L= L
Titan Titan Clympus
E Wellhead Choke Reservoir
ey —
=
3 ;
=
g . —é I .
= —_— —_ —m
-E e —_— -5
o
O Olympus Olympus Manifald Flowline

\ Wellhead Choke
=N
=
wr " b

\ F . ——n — — —n

— —_— _— — —>
= T —
HP LP 0il Gas
Separator Separator Heater Treatment
) k ,
¥ _—
—* —-
—* -
il Water
Treatment Treatment
L¥ ]

i Note: This application was meant to be basic mixing and separation with existing mass. There
is no way to split stream, or recycles or controllers. That’s in the domain of the process simulator.
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v Save the file =

v' Select the Conditions (blue) tab

A summary of the process is shown in Conditions tab

-
Temperat|Pressure| Drop |Calculate Fluid Sent To Node#
w
o L L ure (°C) | (bar) Solid | Alkalinity| Brine oil Gas
=N
o 1 Titan Reservoir | 160.000 | 470.000 ] ] z 2 2
E 2 Titan Wellhead | 110.000 | 170.000 ] ] 3 3 3
E 3 Titan Choke | 110.000 | 140.000 ] ] 7 7 7
f 4 Olympus Reserv| 125.000 | 275.000 O O 5 5 5
w 5 Otympus Welhea| 100.000 | 100.000 ] ] [+ 6 6
..—E 6 Olympus Choke | 90.0000 | 80.0000 ] ] 7 7 7
ﬁ 7 Manifold 100.000 | 100.000 ] ] a g g
5 8 Flowline 80.0000 | 90.0000 1 ] 9 g g
9 HF Separator | 60.0000 | 60.0000 ] ] 14 10 12
10 LP Separator | 50.0000 | 20.0000 ] ] 14 11 12
= :
= 11 Oil Heater 50.0000 | 15.0000 1 ] 14 13 12
g 12 Gas Treatment | 15.0000 | 1.00000 ] ] 14
13 Oil Treatment | 15.0000 | 1.00000 ] ] 14
14 Water Treatment | 15.0000 | 1.00000 ] ]
v' Select the Solids (red) tab
v" Check the Standard box
Solids Selection
(= ¥ 0 < tandard
----- EaS04 (Barite)
----- CaCo3 (Caldte)
----- Cas04 (Anhydrite)
----- Ca504. 2H20 (Gypsum)
----- FeCO3 (Siderite)
----- Fes (Mackinawite) (Mackinawite)
----- Fes (Pyrrhotite)
----- MaCl (Halite)
----- Sr504 {Celestine (celestite))
-[Z] Expanded
w-L Al
v" Click on the Calculate button
v Select the Plot tab when the calculation is complete
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38 T T T T T T T T T T T ' '
36 [ o - *
L —a— FeS5 (Pyrrhotite) - Sol Pre-scaling tendency [Pre-5T]
34 N —k—BaS04 (Barite) - Sol Pre-scaling tendency [Pre-5T] ]
2| ]
10 [ —m— CaC03 (Calcite) - Sol Pre-scaling tendency [Pre-5T] -
@ op + —— H20 - Sol Pre-scaling tendency [Pre-5T]
o r |
g 26 [ CaCO3 (Aragonite) - Sol Pre-zcaling tendency [Pre-5T] -
oz L
T B
o2k ]
2t b
g 20 Results f Results f
F esulls ror esults Tor ’
9 45 [ == Results for |-
2ol Olympus Mixing and Treatment |
T oL Reservoir Separation ]
- L
£ 12| g
o L
S 10 b ]
81 0—/ ;
6 A ]
A g ‘ |
2 Ie— o B
o L_la— E=ts——4—%te—w —» | JI. | ol
% % % 1% % Y |8 % % Q S P Z
T ool 2 T Bl B % % % % A A
% 2 f: L) o <4 i @ %ﬂ i ;(E' % K &
% 4 P & 2] o % B |7 a | %
/lb_/;-‘ %‘c_ %ﬁ' g /%4; G @f ‘?‘ g
2, Tyl >

The default plot displays the standard Pre-scaling Tendencies vs locations. It is important to
recognize that in this plot four different scenarios are shown. The results for Titan Reservoir, the
results for the Olympus Reservoir, the results for mixing the fluids of these two reservoirs and
separation, and the results for treatment.

For the Titan and Olympus reservoirs, we knew that they were going to be supersaturated with Barite
at the surface. We see that when these two fluids are mixed together at the Manifold location, the
scaling tendency start to increase. The Barite saturation at the HP Separator increases up to a value
of 5.0. Additionally, notice that at the Manifold appears the risk of FeS scaling. The reason why we
see the formation of this scale, is because the Olympus reservoir contained H,S in the gas phase,
while the Titan reservoir contained Fe*? in the brine. As a result, we see supersaturation with FeS
and the scaling risk increases as the fluid moves towards the Separator.

v Save the file €

Summary

This is a basic Facilities calculation. There are multiple uses for this function particularly when a full-
fledged process simulator is too advanced for the application.
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Chapter 8 — Bathos P-101
Production

Overview

Chapter 8 is a case modeled after a South Texas well. The Bathos P-101 well produces a light oil (API 41)
with an associated gas. The reservoir is a calcite-cemented sandstone at moderate temperature/pressure
(93.3°C, 220.6 bar). The produced water contains about 50,000 mg/L TDS. The reservoir requires water
injection, and a tertiary aquifer water with moderate incompatibility is currently the best choice. The injection
and mixing scenario is also simulated.

Setting up the OLI Studio File

v' Start the OLI Studio and start working from a new file
v Before adding any objects, click on the top-level object in the Navigator Panel

Mavigator [
SSC Basics - Chapter 08.0ad |
b8

v' Go to Calculations > Model Options
Chemistry  Tocols  View  Wind
Pre-built Models ¥

[T

Templates *

Model Options...

-

v Select the MSE-SRK (H30+ ion) Thermodynamic Framework

Default Chemistry Model Options ? *

Databanks Redox Phases T/ Span

Databanks

Themodynamic Framework
MSE-SRK {H30+ion) w
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v Name the file Bathos-GS Scenario and Save the file

Navigator L o~ X &

)
S5C Basics - Chapter 08.0ad® L]
b Description Object Map

M ame: | Bathos-GS Scenario

Task 1 — Create the Bathos P-101 Brine

The brine’s composition is given in the table below.

Bathos P101 Brine Analysis

Cations mg/L Anions mg/L Neutrals mg/L Measured Properties
Na+1 | 15260 Cl-1 24500 B(OH)3 | 107 Temperature 25°C

K+ 180 S0O4-2 160 Si02 60 Pressure 1 atm
Cat2 | 850 HCO3-1 | See alkalinity* pH 6.7
Mg+2 | 135 | C2H302-1 386 Alkalinity (mg (HCO3/L)) | 673
Sr+2 65 Density (g/mL) 1.026
Ba+2 1.3 Econd (umho/cm)
Fe+2 2.1 TDS (mg/l)

*This is case were the total alkalinity was measured, but not the inorganic carbon. A good initial/guess value
for the bicarbonate ion then is the total alkalinity value.

v' Add a Brine Analysis - & Add Brine Analysis
v Label it Bathos P-101 Brine

Mavigator L ~x

SSC Basics - Chapter 08.0ad* | ®

athos- CEnario ] ipti &% Design EpO
4% Bathos-GS 5 - Description Design [ Report
M ) Eathos P-101 Brine

Mame: |Bathns F-101 Brine |

Select the Design tab

Enter the composition from the table above in the Data Entry grid

Select the Show Non-zero Only box

Look in the lower right of the Summary box and note the charge balance output

VAN NEN
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Surnrmary

= J Variable Value | Balanced Entry Options
E Cations (mg/L) Units Unit Set: Metric (mass concentration)
= MNa+1 15260.0) 15260.0 L -
- ) )
= K1 180.000| 130000 Automatic Chemistry Model
Q - Display MSE-ZRK (H30+ ion) Databanks:
Ca+2 g50.000| 850.000 MSE-SRK (H30+ ion)
Mg=2 135000 135000, ormula ~ MSE (H30+ ion)
< Srs2 650000 650000 [+]Show Non-zero Onl No Sold phase(s)
= - = ¥ Second Liguid phase
= Ba+Z 130000 1.30000 [+ show Balanced Column Using Helgeson Direct
; Fe+2 210000 2.10000 S Stream Parameters:
empate Manager Temperature (*C) |25.0000
Anions (mgiL) Standard ~ Pressure (atm} 1.00000
CH1 24500.0| 248085 Stream amount (L) 1.00000
Save as...
S04-2 160.000 | 160.000 Dominant lon Charge Balance
HCO3-1 673.000] 673.000 (eqiL)
C2H302-1 385.000| 385000 Balance Options Cation Charge| 0723475
Anion Charge | -0.711954
Type
Imbalance 0.0115215
Neutrals (mg/L) Dominant Ion ~
Sing so.0000) 800000 lon{s) needed to balance (magil):
B(OH)3 107.000| 107.000 > Ch1[408 471
| ﬂ Measured pH and Alkalinity.

The software added approximately 408.5 mg/L of CI- to balance the charge imbalance of 0.012 eq/L. Notice in
the Data Entry grid that the balanced CI- concentration (yellow column) is 24908.5 mg/L.

v' Select the Reconcile (blue) tab
v' Enter the measured pH (6.7), Alkalinity (673), and density (1.026)
v Select the Measured pH and Alkalinity option

= Calculate Brine Properties Using:

AT (O Concentration Data Only Specs... Calculate &
m 5 EGas—Phase CO2 Content (maole%s)

m

O (@) Measured pH and Alkalinity [ ] Allow =olids to form

i_)Measured pH Only
() Measured pH, Alkalinity, TIC

QD

E Calculate Alkalinity

E J Properties Measured Calculated
Temperature ("C} 25,0000
Pressure (atm) 1.00000
pH 6.70000
Alkalinity (mg HCO3/L) 673.000
Alkalinity End Peint pH 4 50000
Density (g/ml} 1.02600
Elec Cond, specific (pmho/cm) 0.0
Total Dis=olved Solids (mo/L) 0.0

o In this case we have a bicarbonate (HCO3-1) value that is different from the Alkalinity value. This is
because the bicarbonate was measured separately from the organic acids. This means that we have enough
information to distinguish between bicarbonate and alkalinity.
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v Click on the Calculate button or use the <F9> key

J Properties Measured Calculated
Temperature ("C} 25.0000
Pressure (atm}) 1.00000
pH 5.70000 5. 70000
Alkalinity {mg HCO24L) 673.000 673.000
Alkalinity End Paint pH 4.50000
Density (g/ml} 1.02800 1.02722
Elec Cond, specific (pmho/cm) 0.0 629739
Total Dissolved Solids (moiL) 0.0 MEA,
Composition Adjustments
Added titrant {mg/L} HCI 122 585
Add carbonate (mg/L CO2Z) -55.9477
Add Charge Balance (mg'L C-1) 408.471

Notice that 408.5 mg/L of Cl- were added to balance charge, 66.95 mg/L of inorganic carbon as CO2 were
removed to balance alkalinity, and 122.6 mg/L of HCI were added to adjust pH.

Task 2 — Create the Bathos P-101 Crude Oil
You will create an oil analysis using assay data.

v Add an Oil Analysis # Add Oil Analysis
v' Label it Bathos P-101 OIl

( 2 | Component Value | Mormalized @~  Eniry Options
The Oil Analysis’s Design menu has 5 Eﬁ:is EE EE U”'T‘
four screens noted by a colored tab: E ciene e = ok % =
Combined (orange) tab, Ciorae o5 e D'SD"""I
Pseudocomponents (blue tab), Assay C17H36 o0 o Formuia b
(red tab), and Reconcile (teal tab). = C18H33 0.0 0.0 [[J show Nan-zero Only
Three of these tabs allow the user 3 g C19H4D 0.0 0.0 ] show Normalized Column
different ways of entering data. e C20H42 0.0 0.0 Template Manager
§ C21H44 0.0 0.0
o . . = C22H48 0.0 0.0 Standard w
The Combined tab is used to enter 2 C23H48 0.0 0.0 S
pure components, the C24HS0 0.0 0.0
Pseudocomponents tab is used to N C2EHE2 0.0 0.0
enter the different pseudocomponents 2 C30HE2 0.0 0.0 Normalize Options
that make an oil sample, and the Assay | < CasH72 0.0 0.0 Prorate hd
tab that allows to enter a distillation canHaz iy 0
curve. = HCOOH 0.0 0.0
= C2H402 0.0 0.0
§ C3HE02 0.0 0.0
o CH4O 0.0 0.0
v Click the Assay (red) tab C2HE0 0.0 0.0
CHZ(OHCHZ(OH) 0.0 0.0
C4HBOZ 0.0 0.0
(HCOOH)2 0.0 0.0
N2 0.0 0.0
coz 0.0 0.0
H25 0.0 0.0
W
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The Assay screen contains three data entry grids: Component, Entry Options and Distillation Data. The
Appendix at the end of this chapter explains assay options in further detail.

Component Grid

< |l |  component mole % Distillation Data Grid

:

o J Volumed: Temperature (°F)
5

Q Entry Options

Entry Options

Display Assay Cuts

Pseudocomponents

E J Name | Mole % | Mol Wt. |NBP (*F) Sp Gr | Cr Tem |Cr Pres | Cr Vol [ Acentric
<

The data to be entered is shown in the two tables below. The first table contain the assay specifications, name,
fraction, measurement type, etc. The second table contains the experimental data.

Component Distillation Data
Name ASSAY Volume% | Temperature(°C)

Mole% 98.4 1 26
Entry Options 5 41
(experiment) Type | ASTM D86 10 65
Thermo Method API-8 20 88
Density value 41 30 102
Density units API Gravity 40 129
No. of Cuts 12 50 167
60 208

70 241

80 279

90 342

95 358

100 397

Under Component, type the name ASSAY in the <Enter Assay Name> cell. Press the <Tab> key to move to
the next cells.

o The name cannot be longer than 5 characters. J Component mole %
ASSAY 934000
v' Enter the value, 98.4 in the mole% cell

o This instructs the software that the assay represents 98.4% of the total hydrocarbon mass. The remaining
1.6% are inorganic gases CO2 and N2 — that we will enter in the combined tab.

v' Change the Analysis Type to TBP CURVE
v"  Select API-8 as the Thermo Method
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Enter the value 41 in the Density box
Select API Gravity
Change the No. of cuts to 12

Enter the Volume% and Temperature data from the given table above in the Distillation Data
grid

DN NI NN

J Component mole % Assay is valid.
ASSAY 98.4000
J Volume: Temperature (*C) LY
1.00000 26.0000
Entry Options 5.00000 41.0000
Type TEP CLRVE ¥ 10.0000 £5.0000
Thermo Method | API-8 e 20.0000 28.0000
_ : 30.0000 102.000
Density API Gravity V 40.0000 129.000
Mo. of Cuts | 12 50.0000 167.000
£0.0000 208.000
Display Assay Cuts 70.0000 241.000
£0.0000 279.000|

v Click on the Display Assay Cuts button

The Assay cuts are pseudocomponents. They combine to represent the overall crude oil. Each
pseudocomponent has a name: “Assay_NBPK”, which is the name Assay you entered plus the
normal boiling point in Kelvin. The next three columns are the molecular weight (Mol Wt.), boiling
point (NBP), and specific gravity (Sp Gr) computed using the distillation data and the experimental
type specification. The remaining columns are four key critical properties. There are a total of
fourteen critical properties generated, and these are found in the individual tabs at the bottom of
the table.

Assay Properties

J Name Mole % Mol Wt. NBEP [*C) S5p Gr Cr Temp (*C) Cr Pres (atm Cr Vol (Limol Acentric Fact
ASEAY_ 34K 11.9351 73.3433 40.5829 0.7273%3 223.052 40.9730 0.281535 0.205083
ASEAY_J4TK 16.3730 87.6606 74.2516 0.752539 28212 35.9749 0.333693 0.244335
ASSAY_3T4K 20.6593 100.005 100.858 0.771307 252288 32 8336 0377727 0.276871
ASSAY_ 408K 10.3190 116217 133.071 0.792816 327.882 286739 0.434152 0.317963
ASSAY_438K 7.89164 133.816 164.933 0.813025 352245 27.0352 0.493745 0.356586
ASSAY_4TOK 693183 152 965 196.560 0232138 395513 24 7809 0.5564238 0.401241
ASSAY_500K 750478 173.129 226979 0.849727 476748 22 BB20 0.619958 0.446928
ASSAY_SHK 5.93787 195.643 258.005 0.2560947 457.895 21.1696 0.687798 0.496418
ABSAY_5E1K 364187 219.200 287 658 0.2327%4 437.067 19.7113 0.755235 0.546582
ASSAY_503K 2.92061 247338 319.950 0.299417 518.222 18.2036 0.231086 0.604470
ASSAY_B23K 3.86421 276.239 350.116 0.914415 546.854 17.1082 0.903323 0.661795
ASSAY_B55K 1.85133 309.376 381.595 0.929557 576312 15.9887 0.981425 0.725084

Ssummary ASSAY_314K  ASSAY_ 347K  ASSAY_37H ASSAY 406K ASSAY_ 438K ASSAY 470K ASSAY_S00K  ASSAY 531K Al |»

The next step is to add the inorganic data
v Click on the Combined tab
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v" Scroll down the list and look for N2 and CO2 and enter the following concentrations:

Component Mole%
N2 0.5
COo2 1.1

v Click on the Show Non-zero Only box

When done, the combined grid should look like the one below

E J Component Value Mormalized Entry Options
= Inflows Subtotal: 1.60000/ Subtotal: 1.60000/100.000 {mol Units
-g 20 0o 0.0 mole % ~
o
o Nz 0.500000 0500000 pigpay
coz 1.10000 1.10000
Formula ~
= Assay Subtotal: 98.4000] Subtotal: 98.4000/100.000 (mol | | EA1Show Non-zera Only |
2 ASSAY 024000 534000 Show Mormalized Column
[=]

Task 3 — Add a Gas

v Add a Gas Analysis — 7 Add Gas Analysis

v Label it Bathos P-101 Gas
v" Make it 100 mole% CH4
v Click on the Show Non-zero Only box
0 J Component Value Normalized Entry Options
E Subtotal: 0.| Subtotal: 100. Units
E| [ hz2o 0.0 0.0 [mole % v
[v cH4 0.0 100000 piiay
b Farmula ~
‘O
S I Show Mon-zero Only I
(=]
; [+] show Mormalized Column

Task 4 — Add a Saturator

You will combine the brine and oil analysis at reservoir conditions, and saturate the combined fluid with
CaCOes.

Bathos P-101 Saturate

Type Name Flow
Brine (bbl/day) Bathos P101-Brine | 850
Oil (std bbl/day) Bathos P-101-Qil 2200
Gas (std Mft3/day) | Bathos P-101-Gas | 300
Reservoir Conditions
Temperature, °F 200
Pressure, barg 220

v' Add a Saturator — & Add Saturator
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v Label it Bathos P-101 Reservoir
v' Change the Reservoir Units to Scale English (select the Saturator object and then click on the
units manager icon Gk )

Units Manager - Bathos P-101 Reservoir 7 >

Units Manager

ki Y [ ]

I QK || Cancel | Apply

v Click on the Customize button to change the units of pressure to barg

Edit Units - Bathos P-101 Reservoir ? *
Batch System (@) Flowing System
Composition | Parameters | Corrosion  Inlets
Variable Units ™
Temperature F
Pressure barg v
Time day
Alkalinity mg HCO3L
Density b/ ft3
Electrical Conductivity, molar mZ/chm-mol
Specific Electrical Conductivity pmho/cm
Energy Bturday
Energy, Molar Btu/mol
Entropy Biu/R day
Entropy, Molar Btu/mol R
Fugacity barg
Heat Capacity Biu/lb R
lznic Strength (x-bazed) mal'mol
lmnir Stranath fm hacodl mirlflere i
Ok I | Cancel | | Help
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v Select the Design tab and then go to the Inlets tab
v Under Type enter Brine, Oil and Gas with the flows given in the above table

Type Name Flow
Brine (bbl'day) Bathos P-101 Brine 2850.000
Oil (=td bbl'day) Bathos P-101 Oil Z2200.00
Gas (=td Mft3/day) Bathos P-101 Gasz 300.000

=gelect=

v' Enter the Bathos P-101 Reservoir conditions of 200°F and 3200 psia

J Conditions Value
Temperature (°F}) 200.000

Pressure (barg) 220.000

v" Select the Solid tab a check in the Standard solids box
Solid Selection (check solids allowed to form])

[+l BaSO4 (Barite)

[l cacos (Caldte)

Cas04 (anhydrite)

[l Cas04.2H20 (Gypsum)

[l Feco3 (Siderite)

[l Macl {Halite)

e Srs04 (Celestine (celestite))
#-[Z] Expanded

-] Al

|_:_|...

v' Check the Calculate Alkalinity box
v" Click on the Calculate or press the <F9> key

Calculate

Calculate Alkalinity

o The calculate button will be yellow. This is indicating that solids need to be selected for saturation. However,
for this case you will calculate the CaCOs scale tendency before saturating, to see how close it is to saturation.
So, the Reservoir Mineral Saturation step will be skipped.

v Click on the Report tab and review the Scale Tendencies table.

v Let’'s analyze how far or close to saturation some of these minerals are.
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Pre and Post Scaling Tendencies

Formula Mineral Excess Solute Excess Solute Pre-Scale
mag/L Ii1000bbl 5 5T
Si02 lechatelierite 0.0739809
BaC0O3 Witherite 1.56764e-4
FeC03 Siderite 0.0 0.0 0125334
MaCl Halite 0.0 0.0 4 58379e-3
Bas04 Barite 0.0 0.0 0.389215
Sr304 Celestine (celestite) 0.0 0.0 0.135852
SrCo3 Strontianite 0.0877755
Caco3 Calcite 0.0 0.0 0.7533499
CaS04.2H20 Gypsum 0.0 0.0 0.0301403
Cas04 Anhydrite 0.0 0.0 0.0695228

Calcite is about 75% of saturation. All other minerals are sub-saturated. So, it is reasonable to set this mineral

to saturation to account for maximum risk conditions.

You were instructed to calculate alkalinity. This is because if calcite will be reservoir-saturated then the

composition effects on properties should be monitored.

v" Record the calculated Alkalinity in the Phase Properties table.

Phase Properties

Parameter Liguid-1 Liquid-2
pH 572513 0.0

Mass (Ib/day) 3.05878e5 6.46399e5
Males (True) (lbmoliday) 16689.6 5606.82
Density (Ib/f3) 625264 47 8116
Specific Electrical Conductivity

(umhofcm) 1.57078e5 0.0

lonic Strength (x-based) (mol/mol} [0.0133994 0.0

lonic Strength (m-based) (molfkg) (0763787 0.0
Viscosity, absolute (cP) 0.335132 2 BRETT
Thermal Conductivity (Btu/hr ft °F)  [0.284353 0.07578849
Alkalinity (mg HCO3/L) 689.107

v" Return to the Design tab > Solid tab, and saturate Calcite by adding CaCO3 inflow
Reservoir Mineral Saturation Section
J Mineral to saturate

CaCO3 (Calcite)
=Select Solid=

Inflow to vary

CaC03 [}

v Calculate and review the top table in the report (Saturation Details)
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Saturation Details:
Solid
CaCo3 (Calcite)

Inflow
CaCn3

Imitial (mag/L)*
2070.88

Fimal (ma/Ly*
2130.85

Delta (ma/L)
59.982

According to the calculation, 60 mg/L CaCOs is added to saturate calcite mineral. This converts to 24 mg/L
Ca*? and 36 mg/L COs=2.

The overall change is nominal to total dissolved Ca*2. It increases about 3%, from 850 mg/L to 874 mg/L. COs"
2, on the other hand, increases by 36 mg/L, which increases the alkalinity by ~13%, from 689 to 762 mg/l as

HCO31,

Phase Properties

Parameter Liquid-1
pH 578154
Mazs= {Ib/day) 3.05803e5
Maoles (True) (lomaol/day) 16690.0
Density (Ibf3) 625329
Specific Electrical Conductivity

(umhoicm) 1.57132e5
lonic Strength (x-based) (mol/mal) (0.0134308
lonic Strength (m-based) (molikg) |0.765601
Viscosity, absolute (cP) 0.335271
Thermal Conductivity (Btufhr ft °F)  [0.394360
Alkalinity (mg HCO3/L) 762.095

The Ca*2 change is small, and perhaps within the sampling, experimental, and fluid representation uncertainty.
A Similar argument for the total alkalinity is less tenable.

So, this means that this was probably reasonable to saturate with Calcite.

The next analysis is to review the hydrocarbon tables, to review the data provided, including the water and
COz content in the oil phase

v Scroll down to the Oil Composition table

Qil Composition

Components Qil {mole %) Components Oil (mole %)
C4HEO4 6.64776e-10 ASSAY_314K 10.0939
C2H402 2.03442e-4 ASSAY_34TK 137897
B(OH)3 1.21837e-4 ASSAY_3T4K 17.4088
coz 0866836 ASSAY_406K 8.69008
H20 0.492749 ASSAY_438K 6.64662
H2504 2 31657e-22 ASSAY_4T0K 583824
H45i04 8.30543e-8 ASSAY_B00K 6.32080
HBOZ 6.38007e-53 ASSAY_B31K 5.00109
HCl 1.33788e-10 ASSAY_BE1K 3.06732
Si02 2.24408e-3 ASSAY_593K 246742
S03 2.53898e-31 ASSAY_B23K 3.25457
CH4 13.9935 ASSAY_B55K 1.64348
N2 0421534
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The water content is 0.49 mole%. This water mass was transferred from the brine phase. The dissolved CO:
is 0.87%, which is less that the original value entered of 1.1% (in the oil composition). This reductions is due
to the transfer of COz2 to the brine phase.

Lastly, check the brine volume (at standard conditions vs reservoir conditions) in the Phase Properties table.

Phase Properties

Parameter Liquid-1 Solid Liguid-2
pH 578154 0.0

Mass (Ib/day) 3.05903e5 5.29571e-6 6.46392e5
Moles (True) (Ibmaol/day) 16690.0 5.29109e-8 5B06.68
Density (IbM3) 62.5329 1698.192 47 8115
Specific Electrical Conductivity

(umholem) 1.57132e5 0.0

lonic Strength (x-based) (mol/mol) [0.0134308 0.0

lonic Strength (m-based) (molfkg) |0.765601 0.0
Viscosity, absolute (cP) 0.335271 286693
Thermal Conductivity (Btu/hr ft °F)  |0.394360 0.07575888
Alkalinity (mg HCO3/L) T762.095

Volume Units bulidayReservoir Conditionggagay bbliday
Volume 871.283 3.12999e-58 2407 .95
Volume, Std. Conditions Units bbirdayStandard Conditions| std bbliday
Yolume, Std. Conditions 349777 2323.50

Hardness (mg/l of Mg+2 and
Ca+2)

953.045

Compare the values to the initial 850 bbl/day of Brine (added to the Saturator object). Notice that the difference
between the flow measured at the separator vs the calculated at reservoir conditions is 21.28 bbl/day. This
indicates that some water gets transferred to other phases along the production line.

Also notice that the results don’t include the gas phase. This is because the gas phase has been condensed

into the oil phase.

Task 5 - Add a Scale Scenario

The final task is to calculate scaling tendencies.

v Add a Scale Scenario k& Add Scale Scenario

v Label it Bathos P-101 Scale Scenario

v" Change the Scale Scenario Units to Scale English (select the Saturator object and then click on
the units manager icon Sk )
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Units Manager - Bathos P-101 Reservoir

Units Manager

‘Scale Engiish

Customize...

o e

| o ]

Apply Help

v Click on the Customize button to change the units of pressure to barg

Edit Units - Bathaos P-101 Reservaoir

Composition | Farameters § Corrosion  Inlets

? pod

Batch System (@) Flowing System

Variable Units ~
Temperature F
Pressure barg st
Time day
Alkalinity mg HCO3L
Density I/ ft3
Electrical Conductivity, malar mZ/chm-mol
Specific Electrical Conductivity pumho/cm
Energy Bturday
Energy, Molar Btu/mol
Entropy Biu/R day
Entropy, Molar Btu/mol R
Fugacity barg
Heat Capacity Biu/lb R
lznic Strength (x-based) mal'mol v
lmwnir Stranath fm hacodl mirliflere

ok || cancel || Hebp
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v Select the Design tab and then go to the Inlets tab
v Under Type select Whole Fluid, Bathos P-101 Reservoir, and <Automatic>

The grid should look like the one below.

J Type

Whole Fluid (bbl'day)
<gelect>

Inlets

Name

Bathos P-101 Reservoir

Flow

<Auto mﬂtic}ﬂ

v Select the Conditions tab, and enter the following information:

Location Temp (°F) | Press (barg)
Original Reservoir 200 220
Current Reservoir 200 160
Flowing Reservoir 200 150

Bottomhole 200 147
2600 190 166
1300 180 80

Wellhead 170 54

Flowline 150 33

Separator 140 9.3

The screen should look like the one below:

o J Location Temperature (*F) Pressure (barg) Drop Solids ~
% Original Rezervoir 200.000 220.000 |:|
T Current Reservoir 200.000 160.000 Il
Flowing Reservoir 200.000 150.000 O
E Bottomhole 200.000 147.000 O
= 2600 150.000 165.000 Il
E 13000 180.000 80.0000 |:|
(9] Wellhead 170.000 54.0000 |:|
Flowling 150.000 33.5000 Il
- Separator 140.000 9.30000 1 M
g Auto Step Sort Zoom
Steps: | 0 | [Go T||P 2 a
~
Ol'lgll'lﬂll Current. Fluwmgl Bottomhale
Reservoir o | Reservoir o | REsErvoir w2000
T:200.0 ¥ Tz2000 = 2000 l P70
P:220.0 P:160.0 P:150.0 U
26007 1300 Welhead Flowline
T180.0 = T120.0 = TAT0.0 = T:150.0
P:166.0 P:20.0 P:54.0 P:335
Separator
T:140.0
P83
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v' Select the Solid tab and select the Standard checkbox

Solids Selection

B
BaS04 (Barite)
CaC03 {Caldte)
Ca504 (Anhydrite)
Ca504,2H20 (Gypsum)
FeCO3 (Siderite)
i Macl (Halite)

Sr504 (Celestine (celestite))
&-[Z] Expanded
&~ Al

Calculate or press the <F9> key
Select the Plot tab
Open the Variables window and check all the boxes at the bottom of the window

|lse short names
Hide zero species
Plot data which is anby within temperature range.

Close the window and review the results

T T T
1.20 —a— CaCO3 (Calcite) - Sol Pre-scaling tendency [Pre-5T]

— @ BaS04 (Barite) - Sol Pre-zcaling tendency [Pre-5T]
—#— H20 - Sol Pre-scaling tendency [Pre-5T]
FeCO3 (Siderite} - Sol Pre-zcaling tendency [Pre-5T]

Dominant Pre-scaling Tendencies

—&— CaCO3 (Aragonite) - Sol Pre-scaling tendency [Pre-5T]

e

Notice that overall there is not scale risk. There is saturation in the original, current and flowing reservoirs and
in the Bottomhole.

Once you reach the 2600 location — the risk of calcite scale formation goes down. When you get to the flowline,
nothing is supersaturated. But then you get to the Separator, Calcite gets slightly supersaturated.
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Let’'s have a look at the amount of solids.

v" Change the Y1l-axis Variables to CaCO3 (Calcite) - Sol

Curves
+ Liquid-1 A X Puis
+ - Vapor 55 Locations
+- Liquid-2
--Solid . 1 Avis I
P Dominant Solid CaC03 (Calcite) - Sol
+- Molecular Totals
+-MBG Totals - Totals >>R§
+ MBG Totals - Liquid-1
+- MBG Totals - Vapor
OMIDNE Tadbale  @icesd 73

— 4 CaC03 (Calcite) - Sol [mg/L]

CaCQ3 (Calcite) - Sol [ma/L]

R — [ T %]

= [ T =

T T T T
H"““—-__

—

-

| | 1 |

You can see that the Original Reservoir has no scale risk. Overtime as the reservoir pressure drops, up to 27
mg/L of CaCO3 precipitates out of the fluid (current reservoir). As the fluid flows through the well (flowing
reservoir) another 4 mg/L of CaCO3 precipitates out. The total material in the reservoir, i.e. the 32 mg/L of
CaCO0g3, is assumed to stay in the rock itself. At the bottomhole, is where we will start seeing 33 mg/L of CaCO3
scale. At the other locations, everything else is computed to be sub-saturated, until we reach the Saturator,
where 21 mg/L of CaCO3 precipitates out.

v' Go to the Report tab, and look for the Separator results.
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Location Name: Separator
Stream Properties

Stream Amount 28641.60 bbliday

Temperature 140.000 °F

Pressure 9.30000 barg

Mass - Total 9.522085e5 Ib/day

Phase Properties

Parameter Liguid-1 Vapor Solid Liquid-2
pH 6.13905 0.0

Mass (Ib/day) 3.05704e5 1498254 6.31776 §.31659e5
Muoles (True) (Iomoliday) 16683.1 728.028 0.0631225 4838563
Density (Ioft3) 63.2274 0.455325 169.192 438513
Specific Electrical Conductivity

(umhoicm) 1.09906e5 0.0

lonic Strength (x-based) (mol/mal) [0.01342804 0.0

lonic Strength (m-based) (molfkg) |0.765014 0.0
Viscosity, absolute (cP) 0.511942 0.0125855 2.09297
Thermal Conductivity (Btuhr ft °F)  |0.374038 0.0214179 0.0648259
Volume Units bbl/day Mit3/day fta/day bbliday
WVaolume 861.153 307535 0.0373407 230299
WVolume, Std. Conditions Units bbl/day std Mft3/day std bbl/day
Volume, Std. Conditions 549.060 274.816 2214.00
Hardness (mg/L of Mg+2 and Ca+2) [970.687

At the separator, the software computes that there are 4 phases present: water, vapor, solid and organic phase.

Since the fluids were measured at the separator, we want to make sure that the software is predicting the
same measured values.

For the brine or liquid, we have that the software is predicting 849 bbl/day — and at the separator it was
measured as 850 bbl/day. This is a good prediction.

For the organic phase, the software is predicting 2214 std bbl/day vs 2200 std bbl/day being produced.

And, for the gas phase, we had 300 std Mft/day being produced, vs 275 std Mft/day. So, we are off by about
8% here.

v Save the file s

Summary

This is another typical well, with similar procedures to previous chapters. The difference is that this chapter
introduced the oil analysis object. There are a few errors that were overlooked, including the missing water in
the oil analysis and the missing dissolved COz: in the water. This could have been resolved by adjusting the
two analyses, or by creating a makeup water or COz stream. Both options will be considered in the advanced
section of the ScaleChem training manual.
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Appendix: Assay Entry Options
There are four Assay types. These are experimental methods used to create distillation curves.

Entry Options
Type

T[%rmo Method

ASTM D2887
Density 34.00 5o cuRvE

ASTM D86 runs at atmospheric pressures and is used for all oil types.
ASTM D1160 runs at vacuum pressures and is used for heavy oils.
ASTM D2887 runs on a gas chromatograph and is used for light oils.
TBP CURVE refers to true boiling point curve.

There are four methods for calculating thermodynamic properties, API, Cavett and Lee-Kessler.
Thermo Method lAPI-S v
Denslt 3400 A1

Cavett
No. of Cuts Kessler

e API-8 and API-5 are methods that use specific gravity to determine critical parameters.
e Cavett is a method to determine critical parameters using the API gravity.
o Lee-Kessler is a method to determine critical parameters by using the Watson K.

There are three average bulk density options, Specific Gravity, APl Gravity, and Watson K.

Density 34.00 |Specific Gravity v
Spedific Gravity

No. % Cuts API Gravi
WK’

e Specific Gravity is the ratio of the material density to water. Studio ScaleChem requires specific
gravity to be between 0.228 and 1.6

e API Gravity is defined by the following equation:

141.5

) —131.5
¢ Watson K is a method that relates density to boiling point.

1
(NBP)3
K =
SG
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Chapter 9 — Injection Water
Mixing in Bathos Reservoir

Overview

A common question in production chemistry is whether injection water and reservoir fluid are
compatible. In this chapter, we will look at how the OLI Studio: ScaleChem feature called Mixing
Water can help answer this question. We will continue working with the Bathos case.

The Mixing Water feature calculates fluid properties when two brines are mixed. For this calculation,
we select up to two brines to mix. We can also add a single gas or a single oil phase, and select
solids. Then we designate whether the mix should take place by a flow rate or a ratio. The software
changes the relative volumes of each fluid to create a combined fluid at the selected ratio or flow
rate. The total brine, gas, or oil flow rates do not change during the calculation. The resulting plotting
screen is identical to the scale scenario. We define the mixing ratio as the ratio of brine that comes
from the first brine.

Task 1 — Create an Injection Water

For this example, the injection water will be Seawater.

v' Go to the menu and select View > Toolbars > Object Library

v" From the Standard Objects window (that appear on the right-hand side of the window) select
the option Sea Water

Standard Objects

P @

Arabian Gulf Basic
SeaWater ... Produc...

» o @

Dry Air Extended
Produc...

@@

Muoist Air Pseudo
(30% hu.. Components

W | @

Sea Water Seawater
(Molecul...
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v Click on it and drag it to the Navigator Panel, and name it Seawater
v' Change the Thermodynamic Framework of the Seawater to MSE-SRK

-

= Variable | Value Balanced Entry Options
= Cations (malL) Units
Lé Na+1 10351.0 10354.0 |mg,-'|_ Vl
a K+1 380.000 380.000 Display
Ca+2 400.000 400.000
\ Mg+2 1272.00 1272.00 Formua v|
% Sr+2 13.0000 13.0000 [[] show Mon-zero Only
§ Ba+2 0.0500000| 0.0500000 Show Balanced Column
n:n Li=1 0100000 0.100000
Template Manager
Anions (mg/L) |Sizndard bl |
Ck1 18580.0 185980.0
5042 264830 264530 | Savess. . |
Br-1 §5.0000 §5.0000
B(OH}4-1 33.5500 335500  Balance Options
F-1 1.40000 1.40000 Type
-1 0.0500000 0.0500000 Dominant Ion »
HCO3-1 144,000 144.000
Neutrals (mgilL)
Sio2 c.oooo0 c.ooooo
v' Select the Reconcile tab
v Select the Concentration Data Only
v Calculate then save the file
i
Fe Calculate Brine Properties Using:
E (®) Concentration Data Only Calculate &8 |
m () Gas-Phase CO2 Content {mole%)
rﬁ“ (") Measured pH and Alkalinity [ Allow sclids to form
— (") Measured pH Only
; (") Measured pH, Alkalinity, TIC
Calculate Alkalinity
Properties Measured Calculated
Temperature (°C} 25.0000
Prezsure (atm) 1.00000
pH 8.34511
Alkalinity (mg HCO3/L) 167.059
Density (giml) 1.02213
Elec Cond, specific (pmho/cm) 50954.4
Total Dissolved Solids (ma/L} NiA
Composition Adjustments
Add Charge Balance (mgél Na+1) | 298982

The software added 2.99 mg/l Na+1 to balance the charge.
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Task 2 — Add a Mixing Water Calculation

We are going to assume seawater breakthrough and we are mixing at the. And in this case, we are
mixing with the Bathos water.

v Add a Mixing Water calculation '+ Add Mixing Water and name it Seawater Injection — Bathos
v" Change the units of the Mixing water object to Scale English Units

I8 ¥ | MEE |3 am ih 5L [R o

Units Manager - Seawater Injection - Bathos ? >

Urits Manager

IScaIE English w I Flowing Conc. - L4 L

Customize...

Cancel Apply Help

[ e | &

v" In the Inlets tab, enter the First Brine, Seawater Injection - Bathos
v" For the Second Brine, select Bathos-P101 Reservoir

J Type Name Flow
First Brine (bbl'day) Sea Water 2000.00
Second Brine (bbliday) |Bathos P-101 Reservoir ~

O The Mixing Water’s Design tab opens to the Inlets screen. It contains First Brine, Second Brine,
and the standard inflow row. It is not entirely clear, but the flow cell on the First brine row is in fact
the total flow of water = first + second brine (they are not separate).

® The flow of the First Brine will be varied to do the mixing study, and it will appear in the x-axis in
the default plots.

v Enter the mxing conditions of 200°F and 147 barg

B Conditions Value
Temperature [°F) 200.000

Pressure (barg) 147.000

O The 147 barg is the injection well pressure, and this added pressure will impact the
thermodynamic stability of the interfaces; oil-water and mineral-water.
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Select the Conditions tab
Change the mix type to Ratio
Change the Steps to 10
Press the Auto Step button

DN NI NN

n Select Type

@

=

3
Total flow: 2000.00 bbl/day

5

= Steps: Auto Step

-

c

o

u

When complete, the grid should look like the following. The first row represents 100% Seawater and
the last row represents 100% Bathos brine at 10% intervals.

Brine Ratios
Sea Water Bathos P-101 Reservoir

1.00000 0.0

0.500000 0.100000

0.300000 0.200000

0.700000 0.300000

0.500000 0.400000

0.500000 0.500000

0.400000 0.600000

0.300000 0.700000

0.200000 0300000

0.100000 0.300000

0.0 1.00000

v" Select the Solid tab then check the Standard box

Solids Selection

=M
Ba504 (Barite)

CaCo3 (Calcite)

Ca504 (Anhydrite)
Ca504.2H20 (Gypsum)

-[¥] FeCo3 (Siderite)

i [] MaCl (Halite)

Sr504 (Celestine (celestite])
#-[-] Expanded

s Al

Conditions

v Press <F9> to calculate and save the file
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The plot should look like the one below

100 —T T~ T1 T T 1T *T " T T T "~ T T T T "~ T "~ T T T T T T
95
80
85
a0
74
70
65
60
55
50
45
40
35
30
25
20
15
10
b
ot

—a— Mg35205(0H)4 (Poor-crystalline Antigorite) [Pre-5T]
—&—BaS04 (Barite) [Pre-5T]

—m— CaC03 (Calcite) [Pre-5T]

—¢— 5r504 (Celestine (celestite)) [Pre-5T)

—— CaC03 (Aragonite) [Pre-5T]

Dominant Pre-scaling Tendencies

i

 E———— =
o, 0, O_ 0_0_0_0, 0 0, 0,0, 0 0 0, 7 7
D G o e 0% Yo % B B DB e o S DR

Sea Water Ratio

The plot shows that we could possibly form a Magnesium silicate phase (Mg3SiO205(0OH)4. This is
because now we are introducing other species that come with the seawater composition. However,
this phase is not being formed (the amount of solids for this phase is zero), so we can remove it from
the plot to make it easier to read.

Let’s modify the plot to show the pre-scaling tendencies of interest.

v" Click on the Variables button

v" Remove the Dominant Pre-scaling Tendencies from the Y1 Axis and add the phases shown
below, then click OK.

- Phase How Properties ~ * Fuis
: i erti >3 Sea Water Ratio

Dominant Pre-scaling Tendencies
- CaC03 (Aragonite)

- Mg{OH)2 (Brucite)

i~ Mg35i205{0HM (Poor-crystalline Antigorite) =
- NaCl (Halite)

& SrC0O3 (Strontianite)
H- ing Index

H- Scaling Tendencies
H

)

Y1 Axis
Sr504 (Celesting (celestite)) - Sal Pres
FeC03 (Siderite) - Sol Pre-scaling tends
CasS04 2H2D (Gypsum) Prescaling ter
CaS04 (Anhydrite) - Sol Prescaling ten
CaC03 (Calcite) - Sol Pre-scaling tende)
BaS04 (Barte) - Sol Pre-scaling tenden

- Scaling Index
- Common Representation

Fee [ [T
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The plot should look like the image below.
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Sea Water Ratio

So now, what we see here is the different results from no sea water (0%) to 100% sea water — which
is the last point to the right.

Notice that if we inject 100% seawater into this reservoir calcite will be automatically super-
saturated. You can also see that barite has a bell shape like curve, which is an indication of
incompatibility. Celestine also shows a little hump at higher ratios and is another example of
incompatibility. The other solids like anhydrite and gypsum have pre-scaling values below 1.0, so
we don’t have to worry about incompatibility. Therefore, mixing these two fluids at injection water will
have incompatibility problems.

We can also study the amount of solids that are computed when we mix these two brines.

v" Go to the Variables button
v' Go to the solids category and select barite, calcite and celestine. Click OK.

The plot should look like the image below.
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Sea Water Ratio
Calcite forms at both extremes — at 100% seawater and 100% bathos reservoir brine - celestine

stats forming at about 30% sea water until 100% bathos fluid. Barite forms at almost all the ratios,
with a small mineral concentration.

v'  Save the file

Summary

The Mixing block is a basic tool for testing incompatible waters. It adjusts the flow of two brines and
holds the remaining inflows (like oil or gas) constant. This is done at a single T/P condition and the
total brine flow is fixed. More complicated mixing calculations are presented in later chapters.
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Chapter 10 — Offshore High-
Pressure Gas Production with
Low Water Cut

Overview

This chapter is intended to reinforce the training elements of Chapters 2 through 6 and to introduce
mass balance to production chemistry analyses. This case is of several offshore wells producing a
gas-condensate. They produce a high gas-water ratio (GWR) fluid, and the production chemist is
certain that the produced water sample collected has been diluted with condensed water from the
gas phase. The water sample was taken at the separator, and the water production rate is based on
flow from this unit.

The table below contains the production conditions that will be used in this case.

Variable Value Units
Water flow 28 m3/day @ separator
Gas flow 2100 Std E3m3/day at separator
Separator Temperature 40 °Cc
Separator Pressure 60 bar
Reservoir Temperature 205 °Cc
Reservoir Pressure 1380 bar
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To simplify the procedure, the wells are combined into one, and a single produced fluid is created.
To make this simplification, the assumption is that the water and gas compositions and reservoir
conditions are identical in each well.

Task 1 — Add a Brine Analysis

v" Launch the software or select File > New (if the software is already started) and Save as
Chapter 10 — High GWR

v Click on Streams and change the name to High GWR production
Mavigator
35C Basics - Chapter 10.0ad”
b"b Streams

p o~ = &
&

Description Object Map

Mamme: |High Gwh production

v' Select High GWR production and go to Chemistry > Model Options...

B File Edit Streams Calculations  Chemistry Tools View  Window

= L7 Pre-built Models >
Navigator g - x b Templates b
SSC Basics - Chapter 10.0ad* £
# D Model Options...
i i €

¥ r

Mame: |High E'WH production

v'Under the Databanks tab select the MSE-SRK (H3O+ ion) as the Thermodynamic Framework,
and click OK.

Databanks

Redox Phases T/P Span

Databanks
Themodynamic Framework
MSE-SRK (H30+ion) w

v' Add a Brine Analysis 15 Add Brine Analysis

v Label it Separator Water
SSC Basics - Chapter 10.0ad* |
&% High GWR production

w0 rator water

v' Enter the data from table below into the Design > Data Entry grid

Analysis of the water sampled at the separator
Cations | Conc, mg/L | Anions | Conc, mg/L | Neutrals Conc, mg/L | Measured Properties | Value
Na+1 3600 Cl-1 6350 B(OH)3 18 Temperature (°F) 100
K+ 27 S04-2 1.5 (Boric acid) Pressure (atm) 1
Cat2 550 HCO3-1 39.5 pH 6.9
Mg+2 5 Alkalinity (mg HCO3/L) 44.5
Sr+2 0.2 Density (g/mL) 1.1125
Fe+2 1.6 Conductivity n/a
Ba+2 1.6 Total Dissolved Solids | 174956
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The brine composition is simple. The pH and alkalinity are reported.

v' Change the Entry Options to Formula to make components easier to enter
v'After entering the data, check the Show Non-zero Only box - 7] show Non-zero Only

The screen should look like the one below

J Variable Value Balanced Entry Options
Cations (mgiL) Units
Na+1 3500.00 3500.00
mag L ~
K+1 27.0000 27.0000 _
Display
Ca+2 550.000 550.000
Mg+2 500000 Sooopo|  ormda -
Sr+2 0.200000| 0.200000 Show Mon-zero Only
Fe+2 1.60000 1.60000 Show Balanced Column
Ba+Z2 1.60000 1.60000
Template Manager
Anions (mg/L) Standard A4
Ck1 5350.00 6542 .68
5
s042 1.50000]  1.50000 aVE 28
HCO3-1 35 5000 39.5000
Balance Options
Neutrals (mgiL) Type
B{OH}3 18.0000 18.0000
(OH), Daominant Ion ~

v" Click the Reconcile tab

v' Add the Measured Properties from the table above (6.9 pH, Alkalinity of 44.5 mg HCO3IL,
Density of 1.1125 g/mL, and TDS of 174956 mg/L)

v' Select the Measured pH Only button and select the Calculate Alkalinity box

v Calculate

Calculate Brine Properties Using:
() Concentration Data Only Specs. .. Calculate &8
() GasPhase CO2 Content (mole®t)

(O Measured pH and Alkalinity [ Allow solids to form

| (®) Measured pH Onl

(") Measured pH, Alkalinity, TIC

J Properties Measured Calculated

Temperature (*F} 100.000

Pressure (atm) 1.00000

pH 5.90000 6.90000
Alkalinity (mg HCO3/L) 44.5000 35.69386
Density (g/ml) 1.11250 1.00081
Elec Cond, specific (umho/cm) 0.0 23671.4
Total Dissolved Solids (mgi/L) 1.74955e5 N/A

Composition Adjustments

Added titrant (mg/L) HCI 3.19309
Add Charge Balance (mg/L C-1} 192 677

The computed pH now match the measured value. The density, alkalinity and conductivity are also
computed.
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Task 2 — Add a Gas Analysis

The production gas is in the table below. It is a combination of light gas with some condensate
components. We will enter the data into the Gas Analysis object.

Component | Display Name | Mole%
H20 Water 0.0
N2 Nitrogen 1.0
CO2 Carbon dioxide 1.4
CH4 Methane 93.75
C2H6 Ethane 2.0
C3H8 Propane 0.8
i-C4H10 Isobutane 0.1
n-C4H10 n-Butane 0.2
i-C5H12 Isopentane 0.5
n-C5H12 n-Pentane 0.1
C6H14 n-Hexane 0.15

o There are several isomers and depending on your version, the Formula view may be
indistinguishable. Change the display option to Display Name or OLI Tag if you encounter this
problem.

v Add a Gas Analysis 7 Add Gas Analysis
v' Label it Produced Gas

Mavigator L o+ X .

SSC Basics - Chapter 10.0ad* | |

i;' High GWR production Description Design Definiti
+Eﬂ Separator Water

+@ Produced Gas Mame: |F'ru:u:|uu:eu:| Gag |

v Select the Design tab > Inflows tab
v' Enter the data from Table 2 into the Inflow grid

e Toggle the Display between Display name and OLI Tag if you need to distinguish between
isomers
Display

Faormula ~
Display Mame
OLI Tag |

v" Check the show non-zero Only option

The completed screen should look like the one below
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| Component Value Normalized Entry Options
Subtotal: 1| Subtotal: 100. Units
| Hz0 0.0 0.0 male % v
| nz 1.00000 100000 pigplay
| coz 1.40000 1.40000
Farmula w
v CH4 §3.7500 93.7500
[~ c2Hs 2.00000 200000 [EZ1Show Non-zero Only |
[ caHs 0200000 0200000 [] Show Normalized Column
| iC4aH10 0.100000 0100000 | o jate Manager
| n-C4H1D 0.200000 0.200000
| iCSH1Z 0.500000 0.500000 Standard d
| n-C5H12 0.100000 0.100000 P
| CBH14 0.150000 0.150000

The gas-phase water content rarely given, but in this case it is important, because the gas-to water
ratio is high. There are several ways to calculate the water content, which we will investigate in later
chapters. For now, we will calculate the water content manually, by equilibrating it with the brine.

Task 3a — Calculate the H20 Content in the Gas

We are given the fluid composition and conditions at the separator unit. We can start with the
assumption that the hydrocarbon and brine are in equilibrium at this point. If this is true, then we can
calculate the H,O saturation concentration in the gas phase.

v' Add a Saturator object - ¥ Add Saturator
v' Label it Separator
v Add the following inlets, and flows

Type | Name Flow | Units
Brine | Separator Water | 28 m3/day
Gas | Produced Gas 2100 | Std E3m3/day

Your screen should look like the following

7

e | | Type Name Flow

E Brine (m3/day) Separator Water 28.0000
Gas (=td E3m3/day) Produced Gas 2100.00

v Enter the Separator Conditions: 40°C and 60 bar

J Conditions Value
Temperature ("C} 40.0000

Pressure (bar) 60.0000

v' Calculate and when done Click the Report tab
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v View the Volume in the Phase Properties table (results may differ)

Phase Properties

Parameter Liguid-1 Vapor
pH 473902
Mass (kg/day) 256082 16572426
Males (True) (kgmoliday) 1414 27 39201.3
Density (g/ml) 1.00257 0.0451143
Specific Electrical Conductivity

267203
(umhofcm)

lonic Strenath (x-based) (maolimol) [3.94420e-3
lonic Strenagth (m-based) (molikg) (0220757

Viscosity, absolute (cFP) 0670076 0.0129268
Thermal Conductivity (calthr m *C) |[542.579 328228
Yolume Units ma3iday E3ma3lday
Vaolume 255424 348542
Yolume, Std. Conditions Units maiday std E3ma3/day
Volume, Std. Conditions 254751 210317
Hardness (mg/L of Mg+2 and

Ca+2) 608 264

Notice that Brine volume decreased from 28 to approximately 25.54 m?®/day, this is a 2.46 m®day
decrease. The roughly 2.46 tons of H,O mass partitioned to the vapor phase. This is because the
produced gas analysis did not include the H,O fraction, and so material was missing from the gas
analysis.

This 2.46 ton decrease equates to 136.13 kgmol of H,O. Let’s confirm the mass or mole transfer
using the data in the reports and by manually calculating this transfer of water.

v" In the Phase Properties table, record the moles of Vapor, i.e. 89201.3 kgmol/day
v" Scroll down to the Gas Composition table
v" Record the fraction of H,O in the gas, i.e. ~0.153 mole%

Gas Composition

Components Gas (mole %)
co2 1.39748
H20 0.152605
H2504 5 26566e-30
HCI 1.29904e-11
503 3.95339e-37
C2HE 1.99696
C3HB 0.798787
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v Calculate the H,O moles in Gas phase

0.152605 mol%

Moles H,0 in Gas =
oles H,0 in Gas 100%

X 89201.3 kgmol = 136.1256 kgmol

Thus, we can see that saturating the hydrocarbon gas consumed ~136.5 kgmol. This represents the
missing water mass or rather, the water unaccounted for in the gas analysis. It needs to be added
to the gas analysis so that the case is compute with no mass-balance error.

Task 3b — Add the Missing Water

There are a few ways to saturate the gas with water:

e The firstis to simply modify the gas analysis with ~0.153% H-O reported in the Saturator
calculation

e The second is to saturate the gas with water using the Reconcile tab of the gas analysis

e The third is to create a makeup H20 stream that flows at 2.46 m®/day

This latter option is easy to rationalize, because the original gas analysis does not need to be
modified, and using the makeup water approach reinforces the thrust of this exercise: conserving
mass balance.

v Click on the Global Stream High GWR production object to expose all the objects in the
Action pane
Mavigator [

S3C Basics - Chapter 10.0ad*

+E Separator Water
1452 Produced Gas

+- %7 Separator

v Click on the Add Stream object to create a new stream — L&) Add Stream
v Label it Makeup Water

o The stream object is part of the Stream Analyzer software in OLI Studio. Its default settings are
1 kg water (55.508 moles) at 25°C and 1 bar.

u Variable Value
= Stream Parameters
Stream Amount (mol) 585082
Temperature ("C} 25.0000
Pressure (atm) 1.00000
s Inflows (mol)
H20 35.5082
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We do not need to modify this at all. The default settings make it ideal as a makeup water stream.
The mass is not what is desired, but this will be modified in the Separator.

v" Click back on the Separator object — 13 Separator
v" Go back to the Design tab
v Inthe Inlet tab, enter a third row, select: Whole Fluid, Makeup water and 2.46 m3/day

u Type Mame Flow
Brine (m3/day) Separator Water 28.0000
Gas (=td E3m3/day) Produced Gas 2100.00
Whole Fluid {m3/davy) Makeup water 2.45000

v' Calculate and go to the Report tab
v" Review the (brine) volume in the Phase Properties table

Phase Properties

Parameter Liquid-1 Vapor
pH 4 70607

Mass (ka/day) 280634 1.57242e6
Males (True) (kgmal/day) 1550.51 89201.2
Density (g/ml) 1.00183 0.0451143
Specific Electrical Conductivity

(umhofcm) 24587.0

lonic Strength (x-based) (mol/mol) |3.59769e-3
lonic Strength (m-based) (molkg) [0.201238

Viscosity, absolute (cP) 0.668673 0.0129268
Thermal Conductivity (callhr m *C)  |542 662 328227
Yalume Units maiday E3ma3iday
olume 28.0121 34.8542
Volume, Std. Conditions Units m3/day std E3m3/day
Volume, Std. Conditions 27.9388 2103.16
Hardness (ma/L of Mg+2 and
Ca+2) 554636

The volume is now 28.01 m3/day (exiting the separator). This value is now consistent with the
reported production rates.

v Scroll down, and review the Gas composition table— specifically the H.O composition
Gas Composition

Components Gas (mole %)
coz2 1.39744
H20 0152691

These water fraction now represent the equilibrium partitioning among the water and gas phase.
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Assume Mass is Conserved from the Separator to the Reservoir

The previous calculation closed the mass balance between the reported flows and the computed
flows, at least for the water flow rate. It may also be necessary to close the mass balance for the gas
and condensate rates, but for now we will limit this study to the water balance.

Production Mass In = Gas+0Oil +Brine Mass Out
Gas
Mass/Moles Out

Condensate

Separator Mass/Moles Out

T/P known
Equilibrium exists

Production
Mass/Moles in

Brine
Mass/Moles Out

The next step is to close the mass balance from the separator back to the reservoir. If we assume
that no mass is lost as the fluid travels from the reservoir to the separator, then there is no additional
work needed.

Mass Exiting Reservoir = Mass entering Separator
(less solids fouling equipment)

L N
1 &5 4

L} Solids may form

So, for this case, the fluid mass (gas+oil+water+solid) exiting the reservoir equals the fluid mass
entering and then exiting the separator. This may be a bad assumption, especially since it presumes
that no scale builds up in the production line.

We will proceed by creating a second Saturator block. This block will represent the reservoir
conditions and the mass from the separator will be sent to the reservoir, thereby closing the mass
balance.

Task 4 — Create a Reservoir Object and Input the Separator Fluid

v Add a Saturator object from the Action panel — & Add Saturator
v Press the <F2> key or use the Description tab to rename it Reservoir
v In the Design tab > Inlets tab, select Whole Fluid, Separator, and <Automatic> flow

o Make certain that you select Separator, and not Separator water

J Type Name Flow
Whole Fluid {m3/dav) Separator | =Auto mﬂtic}ﬂ

o The Automatic flow means that 100% of the Separator mass is transferred to the Reservoir
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v' Enter the reservoir Conditions of 205°C and 1380 bar

J Conditions Value
Temperature [*C}) 205.000

Pressure (bar) 1380.00

v" Click on the Solids tab and check the Standard solids box

Solid Selection {chedk solids allowed to form)

—-|v| Standard

----- Eas04 (Barite)

----- CaCOo3 (Caldte)

----- Cas04 (Anhydrite)

----- Cas04, 2H20 (Gypsum)

----- FeCO3 (Siderite)

----- MaCl (Halite)

----- Sr504 (Celestine (celestite])
+-[£] Expanded

=[] al

v' Calculate
v Click on the Report and go to the Phase Properties table
v" Check the (brine) volume (Liquid-1 column and confirm that the volumes are in m3/day)

Phase Properties

Parameter Liguid-1 Solid Liquid-2
pH 4 69507 0.0

Mass (kgiday) 591.860 0.0250535 1.59989e6
Males (True) (kamaol/day) 26.0557 24423404 907257
Density (g/ml) 1.60718 275651 0.318817
Specific Electrical Conductivity

(umhaicm) 8.34456e6 0.0

lonic Strength (x-based) (maol/mol) [0.212331 0.0

lonic Strength (m-based) (mol/kg) |19.09349 0.0
Viscosity, absolute (cP) 54 3132 0.0737546
Thermal Conductivity (calfr m *C)  |550.321 232.621
Volume (m3iday) 0.368261 9.08883e-6 5018.21
Volume, Std. Conditions Units ma3/day std m3/day
Volume, Std. Conditions 0.403857 135385
Hardness (mag/L of Mg+2 and

Ca+2) 405538

The brine volume at reservoir conditions is ~0.37 m3/day. This is a ~75% volume reduction (from 28
to 0.37 m3/day) (results may differ depending on version).

The remaining amount of water (i.e. 27.63 m3/day) shifted to the oil phase. This is due to the change
in T/P conditions. The result of this mass transfer is a reservoir water composition that differs
dramatically from the water sampled at the surface.
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v Scroll down to the Brine Composition table

v Review the ions concentrations

Brine Composition

Cations Value (mag/L) Anions Value (mag/L) Neutrals Value (mag/L)
K(+1) 2052.89 CI(-1) 4.97474e5 coz 334.942
Ma(+1) 273719e5 HCO3-(*) 2701.78 N2 126724
Ba(+2) 119.950 S04-2 113.016 B(OH)3 1009.50
Ca(+2) 417921 c1 552.568
Fe(+2) 121.653 c2 19.0015
Mg(+2) 380165 Cc3 5.00030
Sr(+2) 15.2066 nc4 0.795912
Ce 0.0847818
Cc5 0.0607348
ica 1.87966
iC4 0.702178

Notice, for example, that the Na™ and CI- concentrations are 76-times higher at reservoir conditions.

v Scroll up to the Pre and Post Scaling Tendencies table

Pre and Post Scaling Tendencies

Formula Mineral Excess Solute Excess Solute Pre-Scale Pre-Scale
mgiL Ibi1000bbl 5, ST Sl, Index
Mg(OH)2 Brucite 9.40146e-3 -2.02680
MaCl Halite 0.0 0.0 0870639 -0.0601620
Caco3 Calcite 651376 22831 1.03919 0.0166937
CaS04.2H20 Gypsum 0.0 0.0 0.0277308 -1.55704
Cas04 Anhydrite 0.0 0.0 0.500394 -0.221564
KCl sylvite 2.31430e-3 -2 63558
CaClz 2H20 Sinjarite 253792e-4 -3.59552
BaCcO3 ‘Witherite 410791e-4 -3.38638
BaS04 Barite 2.89419 1.01443 1.02822 0.0120853
Sr304 Celestine (celestite) 0.0 0.0 0.359126 -0.444753
SrC0O3 Strontianite 0.0391057 -1.40776

Halite is near saturation, its saturation ratio (pre-scale value) is 0.87. Two other phases, CaCO3 and
BaSO, are computed as supersaturated, and their respective Excess Solute in mg/L are 65.14 and
2.89 respectively.

These reservoir results are, we think, representative of what enters the well. The next step is to study
the fluid properties as it flows to the surface.

v Save the file i
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Task 5 — Calculate the Scaling Scenario

The scaling scenario is run the same way as previous calculations. Enter the Reservoir whole fluid
and test it at various T/P conditions.

v Add a Scaling Scenario from the Actions panel - £ Add Scale Scenario

v Label it Production Conditions

v Select Whole Fluid, Reservoir, and <Automatic> flow

J Type Name Flow
Whole Fluid {m3/day) Rezervoir {Autumﬂtiu::—ﬂ

PR PSS

Inlets

v Click on the Conditions tab
v' Enter the following conditions into the grid

Offshore Production Conditions
Location | Temp (<) | Press (bar)
Reservoir 130 650

Bottomhole 130 630

SSSV 70 340

Tubing head 65 320

Choke 60 280
Flowline 5 200
Separator 40 60

The grid should like the image below.

- J Location Temperature (*C) Pressure (bar) Drop Solids

% Reservoir 205.000 1380.00 O

i Bottem hele 205.000 1350.00 O
SSSW 150.000 570.000 O

E Tubing Head 65.0000 320.000 O

= Choke 60.0000 280.000 O

E Flowline 5.00000 200.000 O

=] Separator 40.0000 60.0000 O
=Enter Location Name=

=

E Auto Step Sort Zoom

Steps: - | GO TI||P =% @

-

Reservoir B?Efem 338V T:E:':dg

T:205.0 | 2 [ = T:150.0 I e

1380 0 T:205.0 5700 T:65.0

’ ’ P:1350.0 T P:320.0

¥

Choke Flowline Separator

T:50.0 = T30 = T:40.0

P:280.0 P:200.0 P:60.0

OLI Studio: ScaleChem Basics — Offshore High-Pressure Gas Production with Low Water Cut 8-12




v" Click on the Solid tab then select the Standard solids button

Solids Selection

v' Calculate or select the <F9> key
v" Click on the Plot to review the Pre-scale tendencies

6.0

5.5

5.0

4.5

4.0

35

3.0

25

20

Dominant Pre-scaling Tendencies

1.5

1.0

0.5

0.0

=-[+] standard

BasSO4 (Barite)

CaCo3 (Caldite)

Cas04 (Anhydrite)

Cas04, 2H20 {Gypsum)
FeCO3 (Siderite)

MaCl (Halite)

Srs04 (Celestine (celestite))

—a—CaC03 (Calcite) - Sol Pre-scaling tendency [Pre-ST] -
—d— CaC03 (Aragonite) - Sol Pre-scaling tendency [Pre-5T]
—m—H20 - Sol Pre-scaling tendency [Pre-5T]

—¢—DBaS504 (Barite) - Sol Pre-scaling tendency [Pre-5T]
NaCl (Halite) - Sol Pre-scaling tendency [Pre-5T]

S
- —a i
. S —Y
o A &
% B 3
=7 /50% -&.% %’é
% ’ o
o

Four minerals are supersaturated: Calcite, Aragonite, Barite and Halite. Halite is slightly sub-
saturated at all conditions; we will investigate this later. Before this, we will confirm the computed
and reported separator volumes (i.e., confirm earlier calculations).

v" Click on the View Data button to review the data —

Wiew D ata

Wariables
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CaCoO3 (Calcite) - | CaCO3 (Aragonite) - H20 - Sol BaS04 (Barite) - |MNaCl (Halite) - Sol

Locations | 5ol Pre-scaling 5ol Pre-scaling Pre-scaling | Sol Pre-scaling Pre-scaling

tendency tendency tendency tendency tendency

Pre-S5T Pre-5T Pre-S5T Pre-S5T Pre-5T

1 Reservoir 1.03919 0.0430505 0.114435 1.02822 0.870639
2 Bottom hole 112208 1.02255 0.112817 1.08711 0.532451
3 S5V 506790 426319 0.254455 00775714 0.0532402
4 Tubking Head 1.30573e-3 1.02831e-3 0.533975 0.0175068 360751e-4
5 Choke 1.16767e-3 59127084 0.553843 0.0201374 3550844
[ Flowlineg 5676044 7445084 0.613347 0.0274850 3.53470e-4
7 Separator 1.55065e-3 1.16572e-3 0.672473 0.0450825 3.86188e-4

The table shows two notable results. The first is that scale tendencies for Calcite, Aragonite and
Barite increase across the perforations. The difference is small however, and so the risk may be
equally low. The second is that be Halite saturation increases from S=0.87 to S=0.0.94 at
Bottomhole. It remains sub-saturated, but this is a challenging question; is the measured
concentration of Na+ and CI- based on the reservoir composition, or is it possibly affected by salt
buildup in the tubing? This question is beyond the scope of this course example, and will be taken
up in a latter chapter.

=] "iew Plot “ariables

v" Click on the Variables button —
v Remove all the variables from the Y1-Axis
v' Expand the Phase Flow Properties category. Add Volume — Liquid-1 to the Y1 Axis

Curves
=+ Phase Fow Properties ~ X Auis
- Mass - Liquid-1 -5 Locations
- Mass - Liquid-2
- Mass - Solid Y1 Axis |
- Mass - Tetal Valume - Liquid-1
- Mass - Vapor

- Moles (Apparent) - Liquid-1
- Moles (Apparent) - Liquid-2
- Moles (Apparent) - Tatal

- Moles (Inflow)

- Moles (True) - Liquid-1

- Moles (True) - Liquid-2

- Moles (Trug) - Solid

- Moles (True) - Total

- Moles (True) - Vapor

- Volume - Liguid-2

- Wolume - Solid

Y2 fixiz |

>

v Click OK to view the plot (click on View Plot button if necessary)
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The water flow changes significantly from the bottom to the top of the well — condensation is occurring
somewhere within the tubing. Were additional depth conditions made available, then the
condensation process could be refined further.

Summary

This is an example of a well that produces condensed water. This condensed water represents ~75%
of the total water flow. As a result, the water sample obtained is diluted, and certain assumptions are
made so that we were able to compute scale risks during production. The conclusion is that reservoir
brine is close to NaCl saturation and supersaturated with Calcite, Aragonite, and Barite.
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Chapter 11 — Oil Well with Gas
Lift

Overview

This case is an oil well produced with the aid of gas lift. It is a two-zone production, with brine and
oil produced at 2500m MD and a gas cap produced at 2450m MD. The gas lift valve (GLV) is about
halfway up the well at 1200m MD. The process schematic is below. There are four inflow streams;
brine, oil, gas cap gas, and lift gas. Calcite cementation is part of the rock matrix and this mineral is
in equilibrium with the reservoir oil & brine.

Gasto Sales  p---sseeer 14
Gas Qil
Wellhead > Oil to Sales
Separator Separator iy
[ ]
Lift Gas i
bbbl 1200m MD Brlne to N
GLV exit Disposal
T
1250m MD
before GLV
GasCap ' 5450 m MD
Brine T
Oil  — N Reservoir R - 2500 m MD
eservoir
oil/brine

Cementing Mineral
(Calcite)
This chapter has seven tasks. The first four are data entry and use ScaleChem objects brine, gas,
and oil analyses. Task five is the reservoir saturation calculation and task six is the facilities
calculation to model production. The final task is to evaluate results and make any modifications as
needed. The first five tasks are similar to those used in previous chapters, which is expected, as the
software is designed to work in this way.

v/ Save and close any cases currently on the screen
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Task 1 — Add the GLV Brine analysis

v' Select File > New and Save as Chapter 11 - Lift Gas Well

v Click on Streams and change the name to Gas Lift Valve
Mavigator L o« x
S5C Basics - Chapter 10.0ad*

& Streams Description Qbject Map

s
by

Mame: |High Gwh production

v' Select Gas Lift Valve and go to Chemistry > Model Options...

B File Edit Streams Calculations | Chemistry Teols  View Wind

0= & 7 N Pre-built Models > r
Mavigator v - x|y Templates »
SSC Basics - Chapter 11 - Lift Gi| | 8

Model Options...

¥ F

|a§ Gas Lift Valve De

v" Under the Databanks tab select the MSE-SRK (H30+ ion) as the Thermodynamic Framework,
and click OK.

Databanks Redox Phasss T/P Span

Databanks
Themodynamic Framework
MSE-SRK (H30+ion) w

v Add a Brine Analysis & Add Brine Analysis
v Label it GLV Brine
v' Enter the ions from the table below in the Data Entry grid

GLV Brine Analysis

Cations mg/l Anions mg/l Neutrals mg/I Measured Data
Na+1 26500 Cl-1 43150 SiO2 26 Temperature (°C) 15
K+1 350 S04-2 20 B(OH)3 60 Pressure (atm) 1
Ca+2 800 C2H302-1 30 pH 7.2
Mg+2 170 Alkalinity 140
Sr+2 120 TDS, mg/L 42000
Ba+2 60

v After entering the data in the Data Entry tab, select the Show Non-zero Only option and keep
the default balance option as Dominant lon

The screen should look like the image below
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/Racancila/ Data Entry

Variable | Value | Balanced Entry Options

Cations (mgiL) Units

Na+1 26500.0| 28500.0 |mg n o |

K+1 350.000)  350.000| o cplay

Ca+2 200.000 200.000

Mg+2 170.000| 170.000 |F°"““'a - |

Sre2 120.000| 120.000| |[2show Non—zero Only |

Ba+2 60.0000| &0.0000 Show Balanced Column
Anions (mgiL) Template Manager

CH 43150.0| 43189.8 |5Enda,d v |

504-2 20.0000  20.0000

C2H302-1 30.0000| 30.0000 | Savess... |
Neutrals (mgiL) Balance Options

B{OH)3 60.0000| 60.0000| [Type

5in2 26.0000 26.0000 |D°minant Ton > |

v Select the Reconcile (blue) tab and enter the Measured Data from the above table (15°C, 1
atm, 7.2 pH, 140 mg HCOS3/L alkalinity, and 42000 TDS)

v Select the Measured pH and Alkalinity option

® The Alkalinity (titration) End Point pH is set to 4.5. Keep this value

v' Calculate

Data Entry

Calculate Brine Properties Using:
() Concentration Data Only

(") Gas-Phase CO2 Content (mole%:)

I Q Measured pH and Alkaliniyl

(") Measured pH Only
(O Measured pH, Alkalinity, TIC
Calculate Alkalinity

[ Allow salids to form

Calculate {6 |

Reconcile

Properties Measured Calculated
Temperature (*C) 15.0000
Pressure (atm}) 1.00000
pH 7.20000 7.20000
Alkalinity (mg HCO3/L) 140.000 140.000
Alkalinity End Paint pH 4.50000
Density (g/ml) 0.0 1.04565
Elec Cond, specific (pmhe/cm) 0.0 30356.9
Total Dissolved Solids (mg/L) 42000.0 NIA
Compaosition Adjustments
Added titrant (mg/L) HCI -74.3595
Add carbonate (mg/L CO2) §5.2259
Add Charge Balance (mgil CH1) 39.8325
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Task 2 — Add the Gas Cap Analysis

v Add a new Gas Analysis — 7 Add Gas Analysis

if' Streams
+-Tuf GLV Brine
v Label it Gas Cap —| 7 Gas Cap

Template Manager

Expanded -
v Select the Expanded template — =0

v Enter the following composition:

Gas Cap Analysis Composition
Formula | Component name | Mole %
H20 Water 0
CH4 Methane 20
N2 Nitrogen 21
CO2 Carbon dioxide 1.33
C2H6 Ethane 2.37
C3H8 Propane 1.25
i-C4H10 Isobutane 0.46
n-C4H10 n-Butane 0.59
i-C5H12 Isopentane 0.32
C5H12 n-Pentane 0.34
C6H14 n-Hexane 0.44
C7H16 n-Heptane 0.36
C9H20 n-Nonane 0.11
C10H22 n-Decane 0.09
C1l1H24 n-Undecane 0.07
C12H26 Dodecane 0.03
C13H28 n-Tridecane 0.02
C14H30 n-Tetradecane 0.02
C15H32 n-Pentadecane 0.01
C16H34 n-Hexadecane 0.01
C6H6 Benzene 0.01
C7H8 Toluene 0.02
C8H10 Ethylbenzene 0.02
C8H10 | 1,3-Dimethylbenzene 0.02
C8H10 0-Xylene 0.01

There is no water present in the gas, and it is reasonable to add it. However, since the production
has a high-water rate, the additional water will be negligible to the brine mass.
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Component Value Normalized | Entry Options
Subtotal: 1| Subtotal: 100.|  Units

Water 0.0 0.0 |.-.-.,;;.|.E o w |
v  Methane 90.0000 90.0000 | gy

Mitrogen 2.10000 2.10000 |D1. e > |

Carbon dioxide 1.33000 1.33000

Ethane 237000 237000 Show Non-zero Only

Propane 1.25000 1.25000 Show Normalized Column

Isobutane 0.460000 0460000 1o icte Manager

n-Butane 0.590000 0.590000

lzopentans 0.320000 0.320000 | Expanded ol |

n-Pentane 0.340000 0.340000 | S—— |

n-Hexane 0.440000 0.440000

n-Heptane 0.360000 0.360000

n-Menane 0.110000 0.110000, Normalize Options

n-Decane 0.0800000)  0.0200000 | Makeup v |

n-Undecane 0.0700000|  0.0700000

Dodecane 00300000 0.0300000| ooPnEOer

n-Tridecane 0.0200000)  0.0200000 B Fes o

n-Tetradecane 0.0200000 0.0200000

n-Pentadecane 0.0100000 0.0100000

n-Hexadecane 0.0100000 0.0100000

Benzene 0.0100000)  0.0100000

Toluene 0.0200000)  0.0200000

Ethylbenzene 0.0200000)  0.0200000

1,3-Dimethylbenzen| 0.0200000|  0.0200000

o-Xylene 0.0100000)  0.0100000

Gas Cap in Display Name view
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Task 3 — Add the GLV Oil (Reservoir Oil)

v
v
v

DN NI N NN

Add an Oil Analysis — # Add Oil Analysis
Label it GLV QOil
Input the following data in the Combined tab; switch between Formula and Display view

GLV Oil Analysis Composition
Formula | Component name | Mole % Formula Component name | Mole %
H20 Water 0 C18H38 n-Octadecane 1.29
CH4 Methane 38.67 C19H40 n-Nonadecane 1.19
C2H6 Ethane 3.38 C20H42 n-Eicosane 0.91
C3H8 Propane 3.11 C21H44 Heneicosane 0.82
i-C4H10 Isobutane 2.66 C22H46 Docosane 0.74
n-C4H10 n-Butane 2.44 C23H48 Tricosane 0.67
i-C5H12 Isopentane 2.02 C24H50 n-Tetracosane 0.57
C5H12 n-Pentane 1.57 C25H52 Pentacosane 0.5
C6H14 n-Hexane 3.24 N2 Nitrogen 15
C7H16 n-Heptane 3.7 CO2 Carbon dioxide 1.19
n-C8H18 n-Octane 2.87 C6H6 Benzene 0.08
C9H20 n-Nonane 2.45 C7H8 Toluene 0.37
C10H22 n-Decane 2.8 C8H10 Ethylbenzene 0.34
Cl11H24 n-Undecane 2.63 C8H10 | 1,3-Dimethylbenzene 0.65
C12H26 Dodecane 2.36 C8H10 0-Xylene 0.29
C13H28 n-Tridecane 2.33
C14H30 n-Tetradecane 1.86
C15H32 n-Pentadecane 1.86 Pseudocomponent (next step)
C16H34 n-Hexadecane 1.49 C30PLUS PseudoC30 6.15
C17H36 n-Heptadecane 1.3 nBP=476 MW= 394

Select the Pseduocomponents tab

Type the Component name as C30PLUS then press <Enter>
Enter the Molecular Weight of 394 g/mole

Enter the Normal Boiling Point of 476 °C

Give it a Value of 6.15 mole%

Nomal Boiling Point

(-C) Specific Gravity Thermo Method Value (mole %)

J Component Molecular Weight

C30PLUS 394.000 475.000 APLE 6.15000

Go back to the Combined tab and check if the Pseudocomponent registered
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-

-3 Component Value Normalized
= Inflows Subtotal: 93.8500/100.000 (mole %) Subtotal: 93.8500/100.000 (mole %)
'E Water 0.0 0.0
S Methane 386700 38 6700
Ethane 3.33000 3.33000
\ Propane 3.11000 311000
-E lzobutane 266000 266000
E n-Butane 2.44000 2.44000
E‘ lsopentane 2.02000 2.02000
a n-Pentane 1.57000 1.57000
'§ n-Hexane 3.24000 3.24000
E n-Heptane 3.70000 3.70000
n-Octane 2.57000 2.87000
n-Nonane 2.45000 2.45000
n-Decane 2.80000 2.80000
n-Undecane 2.63000 2.63000
Dodecane 2.35000 2.35000
- n-Tridecane 233000 2.33000
TE n-Tetradecane 1.85000 1.86000
§ n-Pentadecane 1.85000 1.86000
o n-Hexadecane 1.45000 1.45000
\ n-Heptadecane 1.30000 1.30000
n-Octadecane 1.259000 1.25000
n-Monadecane 1.18000 1.18000
n-Eicosane 0.%910000 0.%910000
Heneicosane 0.820000 0.820000
Docosane 0.740000 0. 740000
Tricosane 0870000 0870000
n-Tetracosane 0.570000 0.570000
Pentacosane 0.500000 0.500000
Nitrogen 1.50000 1.50000
Carbon dioxide 1.18000 1.18000
Benzene 0.0800000 0.0800000
Toluene 0.370000 0.370000
Ethylbenzene 0.340000 0.340000
1,3-Dimethylbenzene 0.850000 0.650000
o-Xylene 0.250000 0.250000
Pseudocomponents Subtotal: 6.15000/100.000 (mole %) Subtotal: 6.15000/100.000 (mole %)
C30PLUS 6.15000 6.15000

You will not use the reconcile step here either. Again, the brine mass is high relative to the oil, and
therefore the small amount of H>O in the oil phase is small relative to the total brine mass. Not taking
this step adds a small amount of error to the calculation, but this is less than 1%.
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Task 4 — Add the Lift Gas Analysis

Lift gas may exist as sales gas or come from a separate source. In this case, the lift gas is similar
but not identical to the separator gas. This means that the lift gas is a mixture of production gases
from the field.

v Add a new Gas Analysis — ¥ Add Gas Analysis

v' Label it Lift Gas
Template Manager

v Select the Expanded template —
v Enter the following gas composition:

Expanded w

Lift Gas Composition
Formula | Component Name | Lift Gas
H20 Water 0
N2 Nitrogen 1.9
CO2 Carbon dioxide 0.75
CH4 Methane 81.35
C2H6 Ethane 7.2
C3H8 Propane 4.87
i-C4H10 Isobutane 0.85
n-C4H10 n-Butane 1.71
i-C5H12 Isopentane 04
C5H12 n-Pentane 0.21
C6H14 n-Hexane 0.13
v" Check the Show Non-zero Only box
| Component Value Mormalized Entry Options
Subtotal: 99.37| Subtotal: 100.000/|  Units
|  H20 0.0 0.0 mole % v
|_ N2 1.50000 1.90000 Display
BEE 0.750000 0750000 [ >
|7 CH4 81.3500 &1.9800
[ czHe 7.20000 720000 | B2 Show Nen-zero only |
 cas 437000 4 87000 [+] sShow Normalized Column
|_ FC4AH10 0.850000 0.850000 Template Manager
|_ n-C4H10 1.71000 1.71000
| HCsHAZ 0.400000 0.400000 Standard i
|_ C5H12 0.210000 0.210000 e
|_ CEeH14 0.130000 0.130000

This gas analysis is also missing the water content. You will not use the H2O saturation option to
calculate the amount. This step is being ignored purposely to illustrate that the water saturation
option although improving mass balance, does not necessarily affect the final results, even though
the water cut is 10 %v/v.
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Task 5 - Add the GLV-Reservoir (Saturator)

The oil and brine are at equilibrium in the reservoir. This equilibrium will be set using the Saturator
object. You will set the saturator to equilibrate the gas and oil at reservoir conditions, and to saturate
the mixture with calcite (the reservoir's cement mineral).

v Add a Saturator — ¥ Add Saturatar
v' Label it GLV Reservoir
v Enter Brine type, select GLV Brine, and 296 m®/day flow
v Enter Oil type, select GLV Oil, and 1000 std m3/day in the next row
v" Enter the Reservoir Conditions of 137°C and 170 atm
*E N Type Name Flow
E Brine (m3/day) GLV Brine 2586.000
Qil (std m3/day) GLY Qil 1000.00
X <select=
3
J Conditions Value
Temperature (*C} 137.000
Pres=ure (bar} 170.000

v" Select the Standard box in the Solid tab

Solid Selection {check solids allowed to form)

= Standard

BaS04 (Barite)

CaCo3 (Caldte)

Ca504 (Anhydrite)
Ca504,2H20 (Gypsum)
NaCl (Halite)

PR Sr504 (Celestine (celestite))
+-[Z] Expanded

=[] Al

v Calculate
v Select the Report tab
v' Go to the Phase Properties table and review the Liquid-1 volume (at std conditions)

Phase Properties

Parameter Liguid-1 Vapor Liguid-2
Valume Units ma/day E3m3iday ma/day

Vaolume 312234 0.06885810 1447 74

Volume, Std. Conditions Units ma/day std E3m3/day std m3iday

Volume, Std. Conditions 294 289 8.73629 1277.60

The input water rate is 296 m3/day. The computed rate (at standard conditions — no thermal
expansion) is 294.29 m3/day, a 0.6% decrease. Had the oil been saturated with water at reservoir
conditions, this difference would have been eliminated.

v" Scroll down to the Pre and Post Scale Tendencies table
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Pre and Post Scaling Tendencies

Formula Mineral Excess Solute Excess Solute Pre-Scale Pre-Scale
mgiL Ibi1000bbl S, ST Sl, Index
Si02 lechatelierite 0.0383142 -1.41664
BaCO3 Witherite 9.16279e-4 -3.03797
Mg(OH)2 Brucite 3.56495e-4 -3.44795
MaCl Halite 0.0 0.0 0.0149022 -1.82675
Bas04 Barite 0.0 0.0 0.961609 -0.0170017
Sr3504 Celestine (celestite) 0.0 0.0 0.0408019 -1.38932
SrC0O3 Strontianite 0.0276255 -1.558649
CaCo3 Calcite 0.0 0.0 0.188042 -0.725745
CasS04.2H20 Gypsum 0.0 0.0 3.48472e-3 -2 45783
Caso4d Anhydrite 0.0 0.0 0.0173395 -1.76096
KCl sylvite 1.18096e-4 -3.92777

Barite is nearly saturated with a value of 0.96, and no excess solute is computed to precipitate. It is
reasonable to consider saturating the fluid with barite; however, we will not saturate it since the focus
on the next step is to develop the Facilities calculation to model the flow conditions.

v Save the file &

Task 6a — Add the Well Production (Facilities)

The last, and primary task of this chapter is to use the Facilities object to model production from the
two reservoirs through the gas life up to the surface facilities. Since the flow dynamic is more
complicated than the Scale Scenario can handle, the Facilities object is required. The image below
is the process flow diagram.

Gasto Sales e »
Gas Qil
Wellhead Separator Separator
T ]
Lift Gas 1200m MD Brine to ,
GLV exit Disposal
T
1250m MD
before GLV
GasCap | 2450 m MD
Brine T
Oil  —¥  Reservoir 2500 m MD
Reservoir
 — oil/brine

Cementing Mineral

(Calcite)

Flow Diagram of Well Production

Oil to Sales
—
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Material enters the well at three locations; brine and oil enter at 2500m MD, the gas cap gas enters
at 2450m MD and lift gas is enters at 1200m MD. Material also exits at three locations, Gas to Sales,
Oil Separator and Brine to disposal.

The specifications for the flow diagram is provided in the table below. Itis divided into three sections,
the conditions, inflows, and additional specifications (notes). You will enter the information in that

order.

Descriptions of GLV Production Nodes in Facilities Calculation
Node Conditions Inflows notes
Node | Node Name T (°C) (bZr) Type(s) Inlet Name(s) Flow(s)
Reservoir 137 170 Whole Fluid GLV Reservoir | Automatic
2500m MD 137 170 Whole Fluid from | Reservoir Automatic
Whole fluid from | 2500m MD Calculated
3 2450m MD 135 152 Gas Gas Cap 5 std E3m3/d
4 1250m MD 115 120 Whole fluid from | 2450m MD Calculated
before GLV
. 1250m MD
c 1200m MD 101 108 Whole fluid from before GLV Calculated Drpp
GLV exit Gas Lift Gas 30 std Eama/d | SOIds
. 1200m MD
6 Wellhead 80 70 Whole fluid from GLV exit Calculated
7 | Gas Separator | 40 30 | Whole fluid from | Wellhead Calculated sl?)rlic:jps
8 Oil Separator 70 15 | Oil from Gas Separator | Calculated s[<))rlic()jps
Gas from Gas Separator | Calculated
9 Gas to Sales 15 1 Gas from Oil Separator Calculated
Brine to Brine from Gas Separator | Calculated
1 . 1 1 - ;
0 Disposal ° Brine from Oil Separator Calculated

v Add a Facilities object — *&Add Facilities
v' Label it GLV Production

Mode Input
Mame: Mode 3

v Add ten nodes total (press the Add button 9 times) —

v Label each node using the table above

v" Go to the Conditions (blue) tab to enter the Temperature and Pressure conditions at each
location

The screen should look like the image below.
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§ Node # Name Tem;t:l;%rzature Pr-.?;:rl.;re
UC)L 1 Reservoir 137.000 170.000
_E 2 2500 m MD 137.000 170.000
“‘_E 3 2450m MD 135.000 152.000
4 1250m MD before GL 115.000 120.000

g 5 1200 m MWD GLV Exit 101.000 105.000
=] 6 Wellhead 80.0000 70.0000
ﬁ T Gas Separator 40.0000 30.0000
IS 8 Qil Separator 70.0000 15.0000
9 Gas to Sales 15.0000 1.00000

f\' 10 Brine to Disposal 15.0000 1.00000

v" Go back to the Inflow Specs tab and start connecting the inflows, according to the table above

The oil and brine are at equilibrium in the reservoir (2500m MD). By comparison, the gas cap is not
in contact with the water and so it enters at a different depth, and a different node (2450m MD). The
screen should look like the image below when all nodes are added and connected with their

respective inflows.

_—
L
L — & 1250m
Reservoir 2500 m 2450m MD
MD | MWD before
— GLV
——————— —————— — —
—_ = —_ = —_— . —
 1200m —— I — H H
MD Gas il
—» GLV CUETEEN Separator Separator
Exit
-
|
Bl -
Gas to Brine to
Sales Dizposal

o Note, that three nodes contain two inflows, for example the entry for the 2450 m MD node
looks like the image below.

[ ] Conditions Value
Temperature (*C) 135.0
Pressure (bar) 152.0
J Type Name Flow
Whole Fluid from (m3/dav) ﬂ 2500 m MD Calculated
Gas (std E3m3/day) Gas Cap 5.00000

Inflows for Node 3, 2450m MD

v" Select the Solid tab and check the Standard Solids box
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Solids Selection

=8 "l standard

BaS04 (Barite)

CaC03 (Caldte)

Cas04 (anhydrite)
Ca504.2H20 (Gypsum)
NaCl (Halite)

: Srs04 (Celestine (celestite])
+-[7] Expanded

+-[F Al

v Save the file [=
v' Calculate

Task 6b — Studying the Facilities plot/report and making modifications to the
calculations

The focus of this section is to review plot. The items to be reviewed include:

1. Surface flow rates — Do the calculations match the volumes measured for each phase?

2. Brine Analysis — Do the calculated concentrations at the sampling location match the values
measured in the actual sample?

v' Select the Plot tab

The default plot is the Dominant Pre-Scaling Tendencies vs Locations

14 T T T T T T T T
13 F * -
12 B
11 _ —#— BaS04 (Barite) - Sol Pre-scaling tendency [Pre-ST] __
_g 10 I —&— H20 - Sol Pre-scaling tendency [Pre-5T] T
S L 4
T I —m— CaCo3 (Calcite) - Sol Pre-scaling tendency [Pre-5T]
=
S E i __4—CaCO03 (Aragonite) - Sol Pre-scaling tendency [Pre-ST] ]
=
@ 8 I Si02 (lechatelierite) - Sol Pre-scaling tendency [Pre-3T] N
gt ]
& L
& 6F ]
= L
g o7 ]
E 4t ]
(= L
3tk -
2 - —
| - *—
1L — N A
o L 4 # — — - ! | w
4 <5 i ) ) 4. Q Q, &
¥ b Yo B D % % 78, %, %y
7L l% o =
2 Zh Pny Pmy Py % %, % g °
2 & & 2 S %, % %
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Notice that Barite is predicted to be at near saturation at reservoir conditions. As the fluid moves to
the different facilities locations the risk of scaling increases.
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v" Press the Variables button
v Remove the Variables in the Y1 axis
v" Expand the Phase Flow Properties category

Let’s find out if the calculations match the volumes measured for each phase

v Select the following variables:
o Volume, Std. Conditions — Vapor
o Volume, Std. Conditions —Liquid-2
o Volume - Liquid-1

~ X Puis

- B Nodes
- Mass - Liquid-2

- Mass - Total

- Mass - Vapor

- Moles (Apparent) - Liquid-1

' - Volume, Std. Conditions - Liquid-2
- Moles (4pparent) - Liquid-2 m Volume - Liquid-1
Malae {Bnmarantt - Tabsl

Y1 Axis |
Volume, 5td. Conditions - Vapor

v" Press OK then select the View Data button

“'°'“"."?' S Volunjg — V°'“"_"?- It Volume - Volume - Volume -
Nodes Conditions - -Con_d |t|.ons - Con.d |t|_on s - Vapor Liquid-2 Liquid-1
Vapor Liquid-2 Liquid-1

£ std E3m3/day std m3/day miday E3m3iday m3iday miday
1 Reservair 8.736529 1277 50 254289 0.0638810 144774 312234
2z 2500 m MD 8.73629 127780 284289 0.0688810 1447.74 32234
3 2450 m MD 27.0518 124219 284128 0.2365684 1403.96 311.816
4 1250 mMD b 43.3950 1157 .99 285243 0.453093 1318.11 308712
5 1200 m MD G 78.2639 1185.66 285.574 0.893110 128426 306.232
L] Wellhead 94 5333 1145.44 256201 1.53836 121225 303.23
iT Gas Separat 111.368 1106.29 206.865 3.84731 1127.64 288.238
3 0il Separator 13.2111 1072.88 1.02781 112250 0.0
9 Gas to Sales 124.580 2.13147e-4 126282 2.13148e4 0.0
10 Brine to Disp 0.158495 2896654 0.160851 0.0 285.717

Now, let’s check if the calculated concentrations at the sampling location match the values measured
in the actual sample.

v' Select the Variables button and remove all the variables from the Y1 Axis

v" Expand MBG Totals — Liquid-1 and double-click Ba(+2) Lig 1, Ca+2 Liq 1, CI(-1) Liq 1, and
S(+6) Liq 1

Curves

EY MBG Totals - Liquic-1] - e
- Dominant MBG Totals - Liquid-1 5> | |[Nodes
- ACETATEION Lig1
- B(+3) Lig1

-~ BENZENE Lig1 S(+6) Liq1
.. Cf+d) Liq1. Cli-1y Lig1
- C10H22 Lig1 >>h Cal+2) Lig1
- C11H24 Lig1 Bal+2) Lig!
- C12H26 Lig1 :
- C13H28 Lig
- C14H30 Lig
- C15H32 Lig1
- C1RHA lin1

v Press OK and view the table

Y1 Axis |
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Nodes 5(+6) Lig1| CI{-1) Lig1| Cal+2) Ligq1| Ba{+2) Lig1
? mig/L migil mig/L mig/L

1 Reservoir 6.32888 408757 758.404 56.8803
2 2500 m MD 6.32888 408757 T58.404 55.8803
3 2450 m MD 6.33739 40930.6 759.423 56.9567
4 1250 m MD before GLW | 65.40110 413421 T67.059 57.5254
5 1200 m MD GLW exit 5.45254 41676.9 TT3.270 57.9953
6 Wellhead 6.31679 42088.3 T80.922 58.5691
7 Gas Separator 6.62595 42794 3 794.003 59.5502
3 0il Separator 0.0 0.0 0.0 0.0
9 Gas to Sales 0.0 0.0 0.0 0.0
10 Brine to Disposal 6.68238 431587 B00.754 B60.0573

Summary
This chapter introduced another approach to using the Facilities object.
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Chapter 12 —Calculating Alkalinity

Overview
In this chapter you will learn:

e How to calculate acid:anion ratios at varying ionic strengths

¢ Use the Mixing Water calculation as a pH titration apparatus

¢ Understand how weak acid chemistry affects alkalinity

o Compare true bicarbonate and carbonate concentrations to carbonate alkalinity

Investigating the Components that Create Alkalinity

The alkalinity measurement is used to compute carbonate scale tendencies and pH buffer capacity.
Bicarbonate, and to a lesser degree, borates, organic acids and bisulfides, provide alkalinity to
produced water. Therefore, this chapter is an introduction to quantifying alkalinity beyond the
standard contributions from HCO0;, C0;? and OH™.

Carbonate Alkalinity Contributions

The Standard Methods for the Examination of Water and Wastewater codified the measurements to
determine alkalinity. In its second edition (1912), the book linked alkalinity and total hardness to
CaCOs scale (an interesting side note, in the year of publication, olive oil-derived castile soap was
used to measure total water hardness instead of inductively coupled plasma spectrometry).
Measurements related to Lacmoid, Erythrosine, Methyl orange, silver nitrate and phenolphthalein,
were all designed to measure carbonate and hydroxide alkalinity. The contribution of non-carbonate
and non-hydroxide buffers, like organic acids, do not have supporting text. Qilfield water analyses
continue to use the original experimental design with the same endpoint, despite the measurement
does not capture the produced water species complexity.

Alkalinity equations are a series of chemical reactions with measurable endpoints, described below:
HCO3? + HY = CO, + H,0 considerd complete by pH < 4.5 (25°C)
CO3% + H* = HCO3 considerd complete by pH < 8.5 (25°C)

OH™ + H* = H,0 considerd complete by pH < 10 (25°C)
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Thus, a simple definition for carbonate alkalinity is:
Carbonate Alkalinity = Total H required to convert all C03?,HCO3,and OH to CO,

= H* (from C03?) + H* (from HCO3 and neutralized CO3%) + H* (from OH™)
= total acid added to bring the pH to < 4.5

=2C03%+ HCO3 + OH™

Lastly, a mass balance equation for carbonate:

Carbonateryq = HCO3 + CO3?

A Bjerrum plot, in which carbonate concentration is fixed, shows the relative concentration of each
species as functions of pH (also shown is the relative OH" concentration):

001 ————————

1.0e4 &
1.0e-6 &

1006 ¢

OH-1, HCO3-1, etc.

1.0e-7
E ——0OH-1 [mol]
——HCO3-1 [mel]
—5—C03-2 [mol]
CO2 - Ag [mol]

1.0e8 E

1.0e-9 . p . = T ‘9 : ‘9
LS - VG
o ‘o ‘0 o 0 o @ 7o )

pH - Aqueous [pH]

The calculations provide measurable hydroxide, carbonate and bicarbonate concentrations at a
relative pH: free hydroxide (OH-) exists above 10 pH; carbonate exists above 8.5 pH; and
bicarbonate exists between 4.5 and 8.5 pH.

An alkalinity titration procedure is as follows:
1. Start with a known sample volume
2. Add two indicators - the first activates at 8.5 pH or higher and the second is active below 4.5 pH

3. Titrate the sample with a strong acid of known composition
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When the first indicator deactivates (the pH drops below 8.5), the amount of titrant added is the
carbonate alkalinity and hydroxide alkalinity point. The following equation converts the acid volume
to the carbonate alkalinity.

mg

Co5 Alk (T) as HCO3

mol
= Acid volume used to 8.5 pH (L) X Acid Conc. (
1
X
Sample Vol (L)

es mg HCO3
) X 61020 (—)
mole

4. The sample is titrated further until it until the second indicator appears (pH<4.5). This is the
bicarbonate alkalinity endpoint. This information is used as follows:

HCO3 Alk (%) as HCO3

moles
= Vol Acid for Bicarbonate Alk Titration (L) X Acid Conc. ( L )
X 61020 (mg HCO?’_) X !
mole Sample Vol (L)
The two titrations combine to calculate the total alkalinity
m
Total Alk (Tg) as HCO3
= Vol Acid for Carbonate Alk Titration (L)
moles
+ Vol Acid for Biarbonate Alk Titration (L) X Acid Conc. ( I )
X 61020 (mg HCO;) X !
mole Sample Vol (L)
mg mg

OH™Alk (T) as HCO3 = CO5 Alk (T) — HCO3 Alk (%)

5. In the absence of carbonates or in addition to carbonate, the OH" alkalinity can also be
determined from the difference between the carbonate and bicarbonate alkalinity and is only
relevant above 9.5 or 10pH (OH>10%° M or ~0.5ppm).

Alkgy = 2 * Alk8.5pH EP — Alk4.5pH EP
If the value is negative, then there is no hydroxide alkalinity. Hydroxide alkalinity is not common in

production waters because the pH is never that high. It is present in drilling and alkaline injection
fluids.
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Problem Statement

QOilfield waters do not conform chemically, to the fresh water used in the original alkalinity method.
Organic acids, borates, phosphates, sulfides and other proton-accepting species produce alkalinity.
Consequently, the standard alkalinity titration cannot be used to measure the bicarbonate/carbonate
concentration. We will evaluate this in the following examples.

Task 1: Quantifying Alkalinity of Certain Anions

You will compute the alkalinity of 100 mg/L of the following anions: HCO3, CO32, OH", CH;COx,
B(OH)4, SO4?, CI' and HS. The counter-ion will be sodium making the system basic. There will be
no additional salt (salinity) added the first set of calculations. This will allow you to quantify alkalinity
at near-ideal activities. You will calculate a second time in the presence of 1M NaCl. You will
conclude this section by producing a quantitative table showing the contribution to alkalinity as a
function of species and salinity.

We will be using °C and atm units for Temperature and Pressure so please adjust accordingly.

v Create a new file called “Alkalinity”
v' Add a new brine analysis
v' Rename it Alkalinity

330C Basics - Chapter 20 - Alkal
i"" Streams

] lkclinity

Bicarbonate

v Select the Design tab
v" Find HCO3-1 in the Anions grid and give it a value of 100 mg/L
v Check the Non-zero only box

| Variable Value | Balanced | Entry Options
Cations (mgiL) Units
Na=1 00| 37e7TE| [ -
Display

Anions (mgiL)

HCO3-1 100.000] 100000, Formua -

Show Mon-zero Only

v' Select the Reconcile tab
v Leave the default reconciliation option (Concentration Data Only)
v Click calculate and document the pH and alkalinity
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J Properties Measured

Temperature ("C) 25.0000
Preszure (atm) 1.00000
pH 0.0
Alkalinity (mg HCO2/L) 0.0
Density (g/mly 0.0
Elec Cond, specific (umho/cm) 0.0
Total Dissoived Solids (mo/L) 0.0

Composition Adjustments
Add Charge Balance (mg/L Ma+1)

The calculated pH is 8.27. The calculated alkalinity is 100.7 mg/L and is entirely the bicarbonate
alkalinity. The 0.7 mg/L addition to the alkalinity value is due to the pH endpoint and minor activity

coefficient effects.

The next three steps will make it easier for us to perform titrations later. Alternatively, we can continue
working in the same Alkalinity file and replace the anions as we go along. Subsequent instructions

will be applicable for both approaches.

Calculated

0. 26000
100.660
0.997086
150.960
MiA

376778

v"In the Navigator pane, right-mouse click Alkalinity and press copy

6: Streams | Descri

5 EEP

Arrange »

Cut
Copy

v" Right-mouse click the Streams icon, then select paste. Repeat this 7 times, to create a total of 8

objects in the navigator panel.

b“ — | Necrri
+E, ) Arrange >
Cut
Copy
Paste

The software designates the new streams as Alkalinity -1, Alkalinity-2, and so on.

v Rename the objects so that the anion they contain will be easily identifiable: Alkalinity-
Bicarbonate, Alkalinity-Carbonate, Alkalinity-Hydroxide, Alkalinity-Acetate, Alkalinity-Borate,

Alkalinity-Sulfate, Alkalinity-Chloride, and Alkalinity-Bisulfide

l-f' Streams

+EJ Alkalinity-Bicarbonate
+@ Alkalinity-Carbonate
- Tgh Alkalinity-Hydroxide
11 Tgb Alkalinity-Acetate
-lgb Alkalinity-Borate

@ Alkalinity-5ulfate
-Tgb Alkalinity-Chleride
-lgb Alkalinity-Bisulfide

o[- [ [

¥
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Carbonate

v' Select the Alkalinity-Carbonate brine analysis stream
v" Remove the 100 mg/L HCO3-1 and add 100 mg/L CO3-2
v Check the Non-zero only box

Description Design [ Report
= J Variable Value Balanced Entry Options
= Cations (mg/L) Units
Ll
Ma+1 0.0 766214
13 a+ mgﬂ_ W
= Display
Anions (mgilL)
Co3-2 100.000] 100000, (FOrmua h
[:H]
= Show Mon-zero Only
§ Neutrals (mg/L) Show Balanced Column
@
o
Template Manager
Standard w
Standard
Expanded

® vou can either type in CO3-2 in an empty cell, or select the Expanded Template to locate it in
the Anion grid.

v" Select the Reconcile tab and recalculate

J Properties Measured Calculated

Temperature (*C} 25.0000

Pressure (atm} 1.00000

pH 0.0 10.6347
Alkalinity (mg HCO3/L) 0.0 204.114
Density (g/ml} 0.0 0.997171
Elec Cond, specific (umho/cm) 0.0 431.288
Total Dissolved Solids (moil) 0.0 EA

Composition Adjustments
Add Charge Balance (mg/L Na+1) 76.6214

The alkalinity is 204.1 mg/L as HCO3 twice the C03? concentration added, and is consistent with the
above equation. The HCO3 formula weight is 61.02 g/mole and €032 is 60.01 g/mole — a mole ratio
of 1.7%. Two factors contribute to the alkalinity increase. The first is that C03? accepts two H™ ions
one above 8.5 pH and one above 4.5 pH. The second is that 1.7% additional moles of carbonate are
added because of the weight difference. Thus, the theoretical alkalinity of 100 mg/L alkalinity as
HCO3 *2 * 1.7% = 203.4 mg/L alkalinity as HCO3 . The computed value is 204.1.

Note the slight bias forming in the results. Instead of exactly 203.4 mg/L, the value is 0.70 mg/L
higher. This difference is due to non-ideal effects and the precise pH choice. The equations provided
above are for ideal conditions. However, we are well aware that there are non-ideal effects that must
be considered.
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Hydroxide

v' Select the Alkalinity-Hydroxide brine analysis stream
v" Remove the 100 mg/L HCO3-1 and add 100 mg/L OH"

| Variable Value | Balanced
Cations (mgiL)
Na+1 0.0 135177

Anions (mglL)
OH-1 100.000 100.000

v'  Select the Reconcile tab and recalculate

J Properties Measured Calculated

Temperature (*C) 25.0000

Pressure (atm) 1.00000

pH 0.0 11.7288
Alkalinity (mg HCO24/L) 0.0 351.285
Density (o/ml) 0.0 0.997251
Elec Cond, specific (umhoicm) 0.0 1402 33
Tetal Dissolved Solids (ma/L) 0.0 Ni&

Composition Adjustments
Add Charge Balance (mg/L Na+1) 135177

The computed alkalinity is 361.3 mg/L as HCOs?. The formula weight of OH~ is 17.01 g/mole
compared with 61.02 g/mole for HCO3?, so 3.587 times more moles of OH™ is added compared with
HCO3.

Therefore,

61020 1Oomg as HCO3 3587mg as HCO3
— X - " = ] —
17010 L L

Complete OH™ neutralization actually happens at about 10 pH, not 4.5 pH, which is the experimental
endpoint. Observing the neutralization effect requires a titration curve.
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Task 2: Non-Carbonate Alkalinity Contributions

We will see complications arising when other species contribute to alkalinity because they affect the
direct use of the alkalinity value in the carbonate/scale tendency equation. Contributing species
include borate, phosphate, formate, acetate, propanate, bisulfide, and any anion that will accept H*
ion above 4.5 pH.

Acetate

v Select the Alkalinity-Acetate brine analysis stream
v Zero out any existing concentrations and add 100 mg/L acetate C2H302-1

Variable Value Balanced
Cations (mg/L)
MNa+1 0.0 35.9364

Anions (mg/L)
C2H302-1 100.000 100.000

v" Select the Reconcile tab and recalculate

| Properties Measured Calculated

Temperature (*C} 25.0000

Pressure (atm}) 1.00000

pH 0.0 7.98623
Alkalinity (mg HCO3/L) 0.0 68.8926
Density (g/ml) 0.0 0.957059
Elec Cond, specific (pmho/cm) 0.0 148603
Total Dizzolved Solids (ma/l) 0.0 MiA,

Composition Adjustments
Add Charge Balance (mg/L Na+1) 38.9364

The computed alkalinity is 68.9 %as HCO3 . The acetate formula weight is 59.05 g/mole, close to

HCO3 (61.02 g/mole). So, if all the acetate contributes to alkalinity, then 100 mg/L acetate should be
close to that for 100 mg/L HCO3 as shown in the following equation:

mg HCO3
61020 g—13 mg Acetate” mg )
g Acetate= < 100——F——=103.3—=as HCO;
59050 T2

The theoretical alkalinity contributed by acetate is 103.3 # as HCO3 . This means that 68-95/103_3 =

67% of the acetate ion accepted an H* at 4.5 pH (33% remained as the C,H;0; ion). Acetate
concentrations therefore have significant impact on total alkalinity.

Borate

v Select the Alkalinity-Borate brine analysis stream
v" Remove any existing concentrations and add 100 mg/L borate, B(OH)4-1
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[ || Variable Value | Balanced
Cations (mg/L)
Na+1 0.0 29.1605

Anions (mg/L)
B(OH)4-1 100.000  100.000

v"  Select the Reconcile tab and recalculate

J Properties Measured Calculated

Temperature (°C) 25.0000

Pressure (atm) 1.00000

pH 0.0 10.1258
Alkalinity (mg HCO3/L) 0.0 79.5162
Density (g/ml) 0.0 0.997103
Elec Cond, specific (umho/cm) 0.0 155.194
Total Dissolved Solids (mg/L) 0.0 N/A

Composition Adjustments
Add Charge Balance (mg/L Na+1) 29.1605

The borate contribution is 79.52 %as HCO3 for 100 mg/L added. If 100% borate contributed to
alkalinity the maximum value would be:

mg HCO;
61020 “E 0 ng BOH); mg
mg B(OH); X 100# = 77.39Tas HCO3

The theoretical alkalinity is slightly lower than the computed amount (we will investigate this next).
Thus, borate appears to be significant contributor to alkalinity. However, the pH is high, 10.12. Borate
is generally neutralized to boric acid by ~7 pH. Consequently, only a fraction of the total boron in
produced water is in anion form. Most is found in the acidic form H3BO;.

Sulfate

v' Select the Alkalinity-Sulfate brine analysis stream

v Remove any existing concentrations and add 100 mg/L sulfate (S0;2)
Variable Value | Balanced
Cations (mg/L)
Na+1 0.0 47.8641

Anions (mg/L)
S04-2 100.000, 100.000

v' Select the Reconcile tab and recalculate

J Properties Measured Calculated

Temperature (°C) 25.0000

Pressure (atm) 1.00000

pH 0.0 7.01280
Alkalinity (mg HCO3/L) 0.0 2.20641
Density (g/ml) 0.0 0.997122
Elec Cond, specific (umho/cm) 0.0 252.858
Total Dissolved Solids (mg/L) 0.0 N/A

Composition Adjustments
Add Charge Balance (mg/L Na+1) 47.8641
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The sulfate contribution is 2.2 mg/L as HCO3 for 100 mg/L SOs?added. If 100% sulfate contributed
to alkalinity the maximum value would be:

mg HCO3

61020 m 50_2 m

m;OI_Z x 100097 _ 63.52Tga5 HCO3
96060 mgoUs

mol

Sulfate has negligible effects on alkalinity. This is not surprising, since S0;? is a salt of an acidic
anion HSO, . To reach the theoretical contribution of 63.52%% HCOg3, the endpoint pH would be

near 0.3.

Chloride

v Select the Alkalinity-Chloride brine analysis stream

v" Remove any existing concentration and add 100 mg/L chloride (CI-)
Variable Value | Balanced
Cations (mg/L)
Na+1 0.0 64.8463

Anions (mg/L)
Cl-1 100.000| 100.000

v"  Select the Reconcile tab and recalculate

J Properties Measured Calculated

Temperature (°C) 25.0000

Pressure (atm) 1.00000

pH 0.0 6.99650
Alkalinity (mg HCO3/L) 0.0 2.04107
Density (g/ml) 0.0 0.997105
Elec Cond, specific (umho/cm) 0.0 342.904
Total Dissolved Solids (ma/l) 0.0 NIA

Composition Adjustments
Add Charge Balance (mg/L Na+1) 64.8463

The chloride contribution is 2.04 mg/L as bicarbonate for 100 mg/L CI" added. If 100% chloride
contributed to alkalinity the maximum value would be:

mg HCO;
61020 —gmol 3 mg Cl- mg i
0. %100 = 1721 —as HCO;
35453 19
mol

Chloride has negligible effects on alkalinity for the same reason as sulfate. Both are conjugate bases
of strong acids. To reach the theoretical contribution of 172.1 % as HCO3 , the endpoint pH would be

about 5.

Bisulfide

v Select the Alkalinity-Bisulfide brine analysis stream
v' Remove any existing concentration and add 100 mg/L bisulfide (HS™)
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Variable Value | Balanced
Cations (mgl/L)
Na+1 00 695108

Anions (mg/L)
HS-1 100.000/ 100.000

v"  Select the Reconcile tab and recalculate

J Properties Measured Calculated

Temperature (°C) 25.0000

Pressure (atm) 1.00000

pH 0.0 9.19343
Alkalinity (mg HCO3IL) 0.0 186.132
Density (g/ml) 0.0 0.997097
Elec Cond, specific (umho/cm) 0.0 337.862
Total Dissolved Solids (mg/L) 0.0 N/A

Composition Adjustments
Add Charge Balance (mg/L Na+1) 69.5108

The calculated bisulfide contribution is 186.13 %as HCO3 for 100 mg/L added. If 100% sulfate
contributed to alkalinity the maximum value would be:

mg HCO3
61020 "3 mg HS~ mg )
X 1007 = 1845TQS HC03

The theoretical bisulfide ion alkalinity is 184.5 %as HCOs3 . It has a significant impact on alkalinity.

Bisulfide concentrations however are generally low in produced water. Therefore, the absolute
effects are small.

A summary of all the calculation results are shown in the table below.

100 mg/L of the following ion | Initial pH | Alkalinity as mg/L HCO3
HCO3- 8.27 100.66
C0O3-2 10.64 204.1
OH- 11.73 361.29
Acetate- 7.99 68.89
B(OH)4- 10.13 79.52
S04-2 7.01 2.21
Cl- 6.99 2.04
HS- 9.19 186.13
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Task 3: Alkalinity Titration Curves

The alkalinity endpoint provides a snapshot of fluid chemistry. A complete titration curve shows the
system behavior across the pH profile and therefore the buffering region of different bases. In this
section, we will create alkalinity titration curves for 100 mg/L of HCO3, CO32, OH-, Acetate’, and
B(OH)4.

The first two sections below are alternatives. Clients can either use OLI Studio: ScaleChem objects
to create the 1N HCL reagent or use the OLI Studio: Stream Analyzer module.

Task 3-1 Create the 1N HCI Reagent with OLI Studio: ScaleChem

v Add a new brine analysis | B Add Brine Analysis
Name it IN HCI-1

Type HCL in the neutrals section with 36,453 mg/L
Select the show non-zero box

ANERNERN

Variable Value Balanced
Cations (mg/L)

Anions (mg/L)

Neutrals (mg/L)
HCI 36453.0, 36453.0

v" Select the Reconcile tab then calculate

J Properties Measured Calculated

Temperature (°C) 25.0000

Pressure (atm) 1.00000

pH 0.0 0.0756504
Alkalinity (mg HCO3JL) 0.0 0.0
Density (g/ml) 0.0 1.01481
Elec Cond, specific (umho/cm) 0.0 3.33828e5
Total Dissolved Solids (mg/L) 0.0 N/A

It should not be surprising that the reagent pH is almost zero. HCI is a strong acid, and thus the H-
Cl bond is weak, resulting in near complete dissociation. Thus, there is 1 mole H* in solution or zero
pH.

v Save the file

Task 3-2 Create the 1N HCI Reagent with OLI Studio: Stream Analyzer
v Select the Global Streams icon in the Navigator pane

Mavigator
Alkalinity
i‘," Streams

v" Double-click the Add Stream icon in the Actions pane

Actions
Actions
[[3]Add Stream
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v Press the <F2> key and change the name to 1N HCI-2
v Select the Units Manager icon then use the Quicklist button to pick Metric, concentration

EE ENQD

Units Manager - 1N HCI-2 ? X ‘

Summary

Unit Set: Metric (moles)

Units Manager
Automatic Chemistry Model
Aqueous (H+ ion) Databanks:

Boimciie fti o
Metric v Batch v Moles “| [ -—auickList-
Metric, moles
Metric, concentration
Metric, molar concentration
Customize... Metric, mass fraction
Metric, mole fraction
Sl, moles / ESP SI
English, moles / ESP English

Cancel Apply Help Metric, flowing, moles / ESP Metric

Metric, flowing, concentration

Metric, flowing, molar concentration
=TT

v" Press OK then enter HCI as an inflow with a concentration 36,453 mg/L

Task 3-3 Create an Alkalinity Titration

Once we complete either of the above methods for creating the HCI reagent stream, we can proceed
with the following tasks.

o -
v' Add a Mixing Water object %" Add Miing Water
v" Rename it Alkalinity Titrator
v' Change the Brine Volumes to ml (per day) by clicking a blue-colored unit and opening the Units

Manager
Composition Parameters Corrosion Inlets
J Variable
Brine Quantity
Qil Quantity
Gas Quantity
Whole Fluid Quantit
Type .
First[Jrine (m3/day)
Second Brine (m3vday)

v Select the bottom right corner of the Name cell and pick 1N HCL-1 as the first brine
Note: Remember that first brine is the stream that the Mixer will adjust.

v/ Set the total volume to 1000 mL/day

First Brine (ml/day) 1N HCI-1 1000.00
Second Brine (ml/day) | ~

F Type Name Flow

The 1L volume is the total liquid volume (sum of 15tand 2" brine). In this case, the 1L will be primarily
the alkalinity liquid that we will enter next. The 1N HCI reagent will be added to the Alkalinity liquid,
but its volume will be relatively small. It is an imperfect example, but it serves to show another
application of the Mixing tool. The actual flow rate is unimportant, but for realism, we will use a
volume similar to laboratory conditions.
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Task 3-4 Bicarbonate Titration Curve

v Select the bottom right corner of the Name cell in the Second Brine row and pick the Alkalinity-
Bicarbonate (the original Alkalinity brine) as the second brine

Type Name Flow
First Brine (ml/day) 1N HCI-1 1000.00
Second Brine (ml/day) Alkalinity-Bicarbonate |

v" Go to the Conditions tab
v' Change the type from Ratio to Flow

Select Type Brine Flows
Flow - J 1N HCI-1 (ml/day) Alkalinity-Bicarbonate
1000.00 0.0
Total flow: 1000.00 ml/day 800.000 200.000
600.000 400.000
400.000 600.000
. s
Steps: Auto Step 200.000 800.000
0.0 1000.00
[

v' Type 2 in the first column and first row then press tab and type 0 in the second row

Brine Flows
1N HCI-1 (ml/day) Alkalinity-Bicarbonate
2.00000 998.000
0.0 1000.00
| 600.000] 400.000
400.000 600.000
200.000 800.000
0.0 1000.00

v' Change the Auto Steps amount to 20 then select the Auto Step button

Steps: 20 ‘ Auto Stepg

The software will add the HCl at 0.1 mL increments up to 2 mL. It will also remove 0.1 mL of Alkalinity-
HCO3 volume at each step to maintain the 1000 mL volume. Consequently, the titration we are doing
is not 100% correct. In an actual titration, the sample fluid volume is fixed at 100 mL. Fortunately,
the HCI reagent is concentrated, and the volume added is small. This limits the displacement error
to 0.2%

Select Type Brine Flows
Flow o J 1N HCI-1 (ml/day) Alkalinity-Bicarbonate
2.00000 998.000
Total flow: 1000.00 mi/day 1.80000 998.100
998.200
1.70000 998.300
S [ LIDELD 1.60000 998,400
1.50000 998.500
1.40000 998.600
1.30000 998.700
1.20000 998.800
1.10000 998.800
1.00000 998.000
0.900000 999.100
0.800000 999.200
0.700000 ©99.300
0.600000 999.400
0.500000 999.500
0.400000 999.600
0.300000 999.700
0.200000 999.800
0.100000 998.800
0.0 1000.00
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v" Press the Calculate button

v' Select the Plot tab and then select the Variables button

v" Remove all existing plot variables in the Y1 Axis by highlight the Y1 axis header then select the
<< arrow button

Y1 Axis
Dominant Pre-scaling Tendencies

v' Expand the Aqueous category and add HCO3-1 to the Y1 axis
v' Expand the Additional Stream Parameters category and add pH-Aqueous to the Y2 axis

Additional Stream Parameters
Density - Aqueous
Density - Total
lonic Strength (m-based) - Aqueous
lonic Strength (x-based) - Aqueous
Standard Liquid Volume - Aqueous
1 Phase Flow Properties
+ Thermodynamic Properties
t Pre-scaling Tendencies
+ Pre-scaling Index
# Scaling Tendencies
t Scaling Index
Aqueous
Dominant Aqueous
Ci1
co2-Aq
C03-2
H+1
H20

v" Press OK and view the plot

105

100
95+
90 F
85+
80+
75+
70+
651
60+
55+
50+
45+
40¢
351
30+
25+
20+
15+
10+
5,
0

HCO3-1 [mglL]

>> | [INHCH1 Raio

Y1 Axis

HCO3-1

>>

Y2 Axis

pH

' »Di

9.0

T 155

\\ 14.0
: Y 435

—»—HCO3-1 [mg/L]
—a—pH(Y2)

185

18.0

175

17.0

16.5

16.0

Hd

15.0

145

1N HCI-1 Flow [ml/day]

PR AR

The pH curve is the typical bicarbonate-buffering curve. The slope of the curve is shallow between
pH 7 and 5.5, where bicarbonate buffering is strong. Below 5.5 pH, the curve drops sharply and has
its steepest slope at about 4.5 pH.
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v" Click the View Data button

1N HCI-1 Flow HCO3-1 pH
miiday mg/L
1 2.00000)  0.136221 3.45629
2 190000  0.186411 3.59319
3 1.80000  0.294252 3.79238
4 1,70000  0.662394 4.14685
5 1.60000 3.15476 4.83606
6 1.50000 864414 529927
7 1.40000 14.5983 5.55620
8 1.30000 20.6342 5.73841
9 1.20000 26,6969 5.88490
10 1.10000 327715 6.01163
11 1.00000 38.8520 6.12687
12 0.900000 44.9357 6.23574
13 0.800000 51.0208 6.34199
14 0.700000 57.1061 6.44885
15 0.800000 63.1903 6.55967
16 0.500000 69.2717 6.67862
17 0.400000 75.3472 6.81177
18 0.300000 81.4104 6.96974
19 0.200000 87.4421 7.17511
20 0.100000 93.3526 7.49486
21 0.0 97.6983| 8.26888)

v' Copy the data to a spreadsheet program by holding down the left arrow, highlighting all the points
and pressing <Ctrl+C>.

v Click on the View Plot button to show the plot again

= Wiew Plot Wariablez Options

For the following titrations, we can either add a new Mixing Water object or work from the existing
object. The instructions below assume the latter.

Task 3-5 Carbonate Titration Curve

v Return to the Design | Inlets screen
v Replace the second brine with the Alkalinity — Carbonate stream

AT 4
1

Description Design (i Plot [ Report

E J Type Name Flow

= First Brine (mlday) 1N HCH 1000.00
Second Brine (mlday) A lkalinity-Carbonatc RS
<sglect>

w

v Select the Conditions tab and change the 1N HCI flow from 2 ml to 4 ml (top cell)

Brine Flows

J 1N HCI-1 {mliday) Alkalinity-Carbona
4 998.000
1.90000 953.100

We will need twice as much acid to titrate the CO3?

OLI Studio: ScaleChem Basics — —Calculating Alkalinity 12-16




v" Make sure Auto steps are set at 20 and click on the Auto Step button then click on the calculate
button

Description [&¥ Design il Plot [l Report

Select Type Brine Flows Calculate &

- i ini
J AN HCI-1 {mliday) Alkalinity-Carbona DCEICL.IIabe Alkalinity

4.00000 8596.000
" Total flow: 1000.00 ml/day 330000 955 200 Summary
=
=} 3.60000 896 400
= Steps: EI Auto Step Unit Set: <Custom:= ~
= k 3.40000 896.600
=
o 3.20000 596.800 Automatic Chemistry Model

v' Select the Plot tab then select the Variables button
v' Add CO3-2 from the Aqueous categories to the Y1 Axis

- Inflows Y1 Pods
28 Additional Stream Parameters
->>

£

£

- Aqueous 032
(- Vapor E

- Selid

[+- Molecular Totals
£
£
£
£

H- Scaling Tendencies

+- Pre-scaling Tendencies
+- Gibbs Free Energy B
+- Gibbs Free Energy Standard Stat

H Ebemia S5

pH - Aqueous

v Press OK and view the Plot

105_'|'|'|'|'|'‘|'|'|'|'|'|'|'|'|'|'|'‘l'l'l'l'l'l'”-U
100 l-‘ —#—HCO3-1 [mgll] o 10.5
—&—coz2mel g
—=—pH (¥2) 95

190
Jss
Js0
J7s
170
165
160
Jss
150
Jas
140
J3s
130
SR Y

HCO3-1 & CO3-2
Hd

1N HCI-1 Flow [ml/day]

v Click on the View Data button then copy data to a spreadsheet program
v Click on the View Plot button to show the plot again
v Save the file
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Task 3-6 Hydroxide Titration Curve

v" Return to the Design | Inlets tabs and replace the Carbonate stream with Hydroxide

LT 4
L}

Description Design (i Plot (& Report

E J Type Name Flow
= First Brine (miiday) 1N HCH 1000.00
Second Brine (ml'day) Alkalinity-Hydroxide |
v" Select the Conditions, tab then overwrite the first cell with 7 ml
v" Press the Auto Step button and then click the calculate button
\'(
Description Design (il Plot EE] Report
Select Type Brine Flows Calculate i@
— - AN HCIH1 (mliday) Alkalinity-Hydroxi Aladal ini
J F.U;DUU 9“.‘;3.000 I:‘C R RS
" Total flow: 1000.00 ml/day 585000 083,250 Surnmary
: e Rl | p— :
v" Select the Plot tab then select the Variables button
v" Remove the carbonates by double clicking on them
v' Add OH- from the Aqueous section to the Y1 axis, and add pH in the Y2 axis
105 [ T T T T T T T T T T T T T T T T T T L— T T ] 12.5
100 e OH-1 [moiL] 1120
gsfk:— A—h—p e apHOY2) 4115
90 + N —h—y ! 1110
[ LY LS — ]
86 r ™~ * 7 10.5
80 - '. {100
:3 C | J9s
[ | =4 9.0
65 [ . | Jas
= 60 F | ]
E sl | 5
- . 175 T
3ol 170
40 F | 165
35 L h \ 160
30 F \.\\ ! {55
25 | {50
20 | 7 4.5
15 L . A ] 4.0
10 F . 135
5L A~y Jd30
0 L L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 1 L 1 \T"\-I . & 1 25
% % o G Yo %o % % o % % % % % ‘o s

1N HCI-1 Flow [ml/day]

v' Select the View Data button and copy the data to a spreadsheet

v Click on the View Plot button to show the plot again
v Save the file
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Task 3-7 Acetate Titration Curve
v' Repeat the same procedure for Acetate

LT 4
L}

L
2
=

‘J

Type
First Brine (miiday)

Second Brine (mliday)

Name
1N HCH1
Alkalinity-Acetate

Flow
1000.00

v' Select the Conditions, tab then overwrite the first cell with 2 ml

v" Reset the Auto Steps to 20

v Press calculate then plot pH on the Y2 Axis and acetate ion (C2H302-1)to the Y1 axis

105 T 1 T T T T T T T T T T T T T T [T T [ 9.0
100 \ e C2H3021 [mal] | 85
Br —&PH (¥2) '
90 AN 50
3 £ ‘\. 1o
80 J‘. \\\\ ?_5
75 B\ . ]
O . 7.0
g of | \.\‘ les
E 60 C L ] -
T o 6.0
§ oL A 16
ET S * N
o L 4 55
© o f A haN ]
S —_, \'\ 5.0
r . ]
0r N
25 [ A, e 45
20 \l\l 40
15 \l A | B
0 a \.\h-""'-‘ 35
£+ -.~__‘ |
0 C 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 P | 1 1 1 Il 1 1 1 1 1 3_0
9 % % % % % Y% b % % o s e e s e a e Yo S0 %,

1N HCI-1 Flow [ml/day]

v Save the file

v' Click on the View Data button then copy the data to a spreadsheet program

Hd
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Task 3-8 Borate Titration Curve

v" Redo the calculation for Borates

v" Decide upon which species are important to plot

B(OH}4-1 [mgiL]

10.5

1ho.o0

1N HCI-1 Flow [ml/day]

[ T T T T T T T T T T T LIS IS S S S S S
— —#—B(OH)4-1 [mgiL]
e —d—PH (v2)
L \.\ e, .
r ey
- T
A

N A
L L i
L \ S
[ \ —y

M| | I | I IR N | IR NI NI R " P ST ST
% % Q@ % % % % 0{? % ‘o ‘s b % s " ‘e Yo 2 %

v Click on the View Data button and copy data to a spreadsheet program

v' Save the file

Hd
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Task 3-9 Sulfate Titration Curve
v" Repeat for Sulfate

L e o e L o o o e o L e L Byt e s e s e s e s e
[ #5042 [mgiL]
100 b i
X & pHOVZ)
% \
90 | \‘\
wr \\
= [
2 80 | ‘\‘g
o~ P
T 50 | e
0] L 'I "‘“\‘\H
70 + "_.. ‘\‘\
85 - y .
—A—, ~e__
- —a .
80 | e
I A Iy
85
50 1 1 1 Il 1 1 1 1 1 1 Il 1 1 1 1 1 1 Il 1 1 1 1 1 1 1
% % %0 %5 20 % Yo s To %o Yo % % % Yo s %o % %0 % B, 70 77 T B B

1N HCI-1 Flow [ml/day]

The sulfate titration calculation was taken well beyond the alkalinity endpoint in order to show the
equilibrium between the SO42 and HSO4 species. At ~2 pH, SO42 and HSO4 have roughly the same

concentration: this is a sulfate buffering region.

v" Click on the View Data button and copy the data to a spreadsheet program

v'  Save the file

75

] 7.0
] 6.5
] 6.0
] 55
| 5.0
] 45
] 4.0
] 35
] 3.0

25

Hd
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Task 3-10 Interpreting the Titration Data

v" Move to the spreadsheet
v Plot the pH vs. HCI

12

11 ¢

10

pH
\]

2 1 1 1 1 1 1
0 1 2 3 4 5 6 7

1N HCI (ml)

pH (HCO3-1) CO3-2 —e—0OH- —e—Acetate ion —e—BOH4-

This plot shows the buffering (pH) regions and the total buffering capacity of each weak acid. The
highest buffering capacity, though not relevant to produced waters, is OH". It's relatively low
molecular weight (17 g/mol) results in more buffering per concentration (all are fixed at 100 mg/l). Its
buffering region ends at about 10.5 pH (extent of shallow slope). At this pH virtually all the OH is
consumed by the HCI titrant. Consequently, at typical produced water pH (between 5 and 8) no OH"
buffering occurs.

OLI Studio: ScaleChem Basics — —Calculating Alkalinity 12-22




v Plot the species concentrations vs. pH

100

90 r

80

70

60

pH

50 r

40

30

20

10

O 1 2 3 4 5 6 7 8 9 10 11 12 13
1N HCI (ml)

HCOS-1 CO3-2 ——0OH- —e—Acetate ion —e—BOH4- —e—S04-2

The plot above shows the concentration impact in greater detail. It represents the concentration of
free ion vs. pH for the different buffers. The red vertical line to the far left is the pH titration end point.
The shaded vertical section to the right is the typical produced water pH as measured in the
laboratory. From this diagram we can see that very little OH" exists in produced water between 7 and
8 pH.

The carbonate ion is dibasic (accepts two H*) and therefore has two buffering regions and endpoints.
The first buffering zone exists from 10.7 to 9 pH, and the sharp pH drop reflects CO3? depletion from
solution. Few produced waters have pH above 8, and therefore CO3? alkalinity is rarely observed.
The second buffering region of COs? is associated with protonating HCOs, and this second zone
parallels exactly the 100 m/l HCOgz*? titration curve. This second curve is the main alkalinity
component in produced waters. Its existence is due to the continuous production of CaCOg3 in
seawater.

The acetate buffering zone is between about 5.7 and 3.5 (end of curve). If the titration were extended,
then the inflection point ~2.7 pH would have been observed. This buffering zone straddles the
alkalinity endpoint, which is why it creates complications when measuring total alkalinity without an
organic acid content. Organic acids are products of organics/kerogen catagenesis, which creates
the fossil fuel. Therefore, it is commonly observed in produced waters. Lastly, the borates buffering
region is between 10 and 8 pH with an end point at about 6 pH. Borates exist at pH’s higher than the
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typical produced water, but when borate concentrations are high and the laboratory measured pH
approaches or exceeds 8, then this base will affect total alkalinity. Borates exist in seawater and
deposit in the interstices of sediments. They are also fairly soluble (like Cl and Na) and are generally
found in produced waters.

The table below contains the pH and concentration data from the calculations we ran and plotted
above. The shaded cells represent the regions in the titration curves that would contribute to a
produced water alkalinity. At the bottom of the table is a % range value. This value represents the
fraction of the species concentration that would contribute to the alkalinity.

HCO3-1 C0O3-2 OH- Acetate-1 | BOH4-1 S04-2 HS-
pH mg/l | pH |mg/l | pH | mg/l | pH | mg/l | pH | mg/l | pH | mg/l | pH | mg/l
3.5 0 3.2 0 2.8 0 |34 4 3.2 0 |28| 87 |30] O
3.6 0 3.3 0 2.9 0 |35] 6 3.2 0 |28] 8 |[31] O
3.8 0 3.6 0 3.1 0 |37 7 3.3 0 |28| 8 |33] O
4.1 1 4.1 0 3.3 0O |38] 10 | 34 0 |28 89 |[34] O
4.8 3 5.2 0 3.8 0 |39] 13 | 35 0 |29]| 89 |38] O
5.3 9 5.7 0 |103| 4 |41 17 | 37 0 |29] 90 |49 ] 1
5.6 15 | 6.0 0O |10.7] 10 |[42] 21 | 39 0 |29] 90 |59 ]| 7
5.7 21 | 6.2 0O |11.0] 17 | 43| 26 | 45 0 |29] 91 |62 14
5.9 27 | 6.4 0O |111] 23 |[44| 31 | 8.0 5 |30] 91 |64 ]| 20
6.0 33 | 6.6 0O |112| 29 |45| 37 | 84 | 13 |30 92 |65 | 27
6.1 39 | 6.9 0O |113| 36 |46 | 42 | 86 | 21 |31 92 |6.7| 34
6.2 45 | 74 0O |114| 42 |47 48 | 88 | 28 |31 | 93 |6.8]| 40
6.3 51 | 8.8 4 |114] 49 |48 | 54 | 90 | 36 | 32| 94 |69 | 47
6.4 57 1 95| 14 |115| 55 |49| 59 | 91 | 44 |32] 94 |70 54
6.6 63 | 9.7 | 24 |115| 62 |50| 65 | 9.2 | 51 |33]| 95 |7.1] 60
6.7 69 | 10.0| 34 |116| 68 |52 | 71 | 94 | 58 |34 | 95 |73 ]| 67
6.8 75 |101| 43 |116| 74 |53 | 77 | 95 | 66 |35 96 |74 ]| 73
7.0 8l |103| 51 |116| 81 |54 | 82 | 96 | 73 |36 ]| 97 | 76| 80
7.2 87 1104 | 59 |11.7)| 87 |56 | 88 | 98 | 79 |38 97 | 78| 87
7.5 93 |105| 66 |11.7| 94 | 60| 94 |100| 84 |41 ]| 98 |81 | 93
8.3 98 |10.6| 71 | 117|100 |80 | 100 |[10.1| 89 |7.0] 99 | 92| 99
% inrange | 93 0 0 63 5 1 79

Consider the following with this table: Anions are now being measured using ion chromatography.
How does the alkalinity value measured relate to this ion chromatography measured ions?
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Task 4: Effects of Temperature and Salinity on Carbonate Alkalinity
v" Return to the original Alkalinity (or Alkalinity-Bicarbonate) brine

v' Copy and paste it to create a new one
v" Rename it Alkalinity-Bicarbonate-NaCl
v" Add 23000 mg/lI Na* and 35453 mg/I CI
Ty
Description Design [ Report
= ] Variable Value | Balanced | Entry Options
uE-l' Cations (moi/L) Uiniks
% MNa+1 23000.0 230276 oL -
a Display
Anions (mg/L)
HCO3-1 100.000] 100000, (Formda -
% | CH1 35453.0 35453.0 [+ Show Mon-zero Only
v" Return to the Alkalinity Titrator object and select the Inlets tab
v' Change the second brine to the new Alkalinity-Bicarbonate-NaCl brine
v' Set the Max HCl to 2ml and press the Auto Steps
v' Calculate, Select the Plot tab, then the Variables button
v" Remove all the variables from the Y1 and Y2 axes
v' Add HCOg3 from the Aqueous category to the Y1 Axis and pH from the Additional Stream

Parameters section in the Y2 Axis

L s e s e e L L B LA L L B LD LB Qe S S S e 8.0
70 k\ —#—HCO3-1 [mgiL]
o _‘\ & pH (v2) H75

_\_\Jaj . ™ ‘- N
Ewnl e, — 1
. =]
- . A 155 %
@ o35 \ A
" |
T gl " A 450
L F Y
2 \\
A 445
20| N

L [ ] -
10 - A
- A {35
5 r 4
] 7]

1N HCI-1 Flow [ml/day]

v' Copy the data to the Spreadsheet and add this plot with the original HCOj5 titration plot
v" Click on the Alkalinity Titration’s Inlets tab and change the temperature to 75C
v Calculate
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v Plot the pH vs. HCI for the three 100 mg/l HCO3 calculations (25C, 25C & 1N NaCl, and 75C &
1N NacCl).

9.0
85 |
8.0
7.5
7.0
6.5
£ 6.0
5.5
5.0
4.5
4.0
35

3'0 1 1 1 1 1 1 1
000 025 050 075 100 125 150 175 2.00

1N HCI (ml)

pH (HCO3-1) —o—pH (HCO3-1), 1M NacCl
—e—pH (HCO3-1), 1M NacCl, 75C
Consider the following when viewing the plot: Under ideal conditions (25C & 0 M NacCl) the titration

endpoint occurs at ~1.65 ml HCI. At more realistic conditions (1m NacCl) the endpoint occurs at ~1.6
ml HCI. This is a difference of ~3%.
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Task 5: Effects of Temperature and Salinity on Acetate Alkalinity

Return to the Alkalinity-Bicarbonate-NacCl brine

Keep the 23000 mg/l Na* and 35453 mg/I CI

Erase the HCOS3-1 value and add 100 mg/l acetate, and then Calculate
Return to the Alkalinity Titrator and set the maximum HCI to 2 m|

Click on Auto Step

Recalculate to create the following pH vs. HCI plot

AN NN

8.0
7.5
7.0
6.5
6.0
L 55
5.0
4.5
4.0

3.5 ‘

3.0 1 1 1 1 1 1 1 1 1 T

0O 02 04 06 08 1 12 14 16 18 2
1N HCI (ml)

—eo—pH (Acetate-1) pH (Acetate-1), 1 M NaCl

Consider the following when viewing the plot: Under ideal conditions (25C & 0 M NaCl) the titration
endpoint occurs at ~1.1 ml HCI. At more realistic conditions (1m NaCl) the endpoint occurs at 0.75
ml HCI. A difference of ~32%!

Summary

The purpose of this chapter was to present the quantitative chemistry of alkalinity and to expose
some additional calculation features within ScaleChem. From this, we can see that additional
measurements for organic acids, bisulfides, and borates can be important when considering
carbonate scale risks.

Further Reading

SPE 37277 — Alkalinity in Oilfield Waters. What alkalinity is and how it is measured. 1996. B. Kaasa
and T Ostvold. 1997 SPE international symposium on Oilfield Chemistry. Houston TX.

James Drever. 1988. The Geochemistry of Natural Waters, Chapter 4: The Carbonate System and
pH control. Prentice Hall.
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Chapter 12 —Calculating Alkalinity

Overview
In this chapter you will learn:

e How to calculate acid:anion ratios at varying ionic strengths

¢ Use the Mixing Water calculation as a pH titration apparatus

¢ Understand how weak acid chemistry affects alkalinity

o Compare true bicarbonate and carbonate concentrations to carbonate alkalinity

Investigating the Components that Create Alkalinity

The alkalinity measurement is used to compute carbonate scale tendencies and pH buffer capacity.
Bicarbonate, and to a lesser degree, borates, organic acids and bisulfides, provide alkalinity to
produced water. Therefore, this chapter is an introduction to quantifying alkalinity beyond the
standard contributions from HCO0;, C0;? and OH™.

Carbonate Alkalinity Contributions

The Standard Methods for the Examination of Water and Wastewater codified the measurements to
determine alkalinity. In its second edition (1912), the book linked alkalinity and total hardness to
CaCOs scale (an interesting side note, in the year of publication, olive oil-derived castile soap was
used to measure total water hardness instead of inductively coupled plasma spectrometry).
Measurements related to Lacmoid, Erythrosine, Methyl orange, silver nitrate and phenolphthalein,
were all designed to measure carbonate and hydroxide alkalinity. The contribution of non-carbonate
and non-hydroxide buffers, like organic acids, do not have supporting text. Qilfield water analyses
continue to use the original experimental design with the same endpoint, despite the measurement
does not capture the produced water species complexity.

Alkalinity equations are a series of chemical reactions with measurable endpoints, described below:
HCO3? + HY = CO, + H,0 considerd complete by pH < 4.5 (25°C)
CO3% + H* = HCO3 considerd complete by pH < 8.5 (25°C)

OH™ + H* = H,0 considerd complete by pH < 10 (25°C)
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Thus, a simple definition for carbonate alkalinity is:
Carbonate Alkalinity = Total H required to convert all C03?,HCO3,and OH to CO,

= H* (from C03?) + H* (from HCO3 and neutralized CO3%) + H* (from OH™)
= total acid added to bring the pH to < 4.5

=2C03%+ HCO3 + OH™

Lastly, a mass balance equation for carbonate:

Carbonateryq = HCO3 + CO3?

A Bjerrum plot, in which carbonate concentration is fixed, shows the relative concentration of each
species as functions of pH (also shown is the relative OH" concentration):

001 ————————

1.0e4 &
1.0e-6 &

1006 ¢

OH-1, HCO3-1, etc.

1.0e-7
E ——0OH-1 [mol]
——HCO3-1 [mel]
—5—C03-2 [mol]
CO2 - Ag [mol]

1.0e8 E

1.0e-9 . p . = T ‘9 : ‘9
LS - VG
o ‘o ‘0 o 0 o @ 7o )

pH - Aqueous [pH]

The calculations provide measurable hydroxide, carbonate and bicarbonate concentrations at a
relative pH: free hydroxide (OH-) exists above 10 pH; carbonate exists above 8.5 pH; and
bicarbonate exists between 4.5 and 8.5 pH.

An alkalinity titration procedure is as follows:
1. Start with a known sample volume
2. Add two indicators - the first activates at 8.5 pH or higher and the second is active below 4.5 pH

3. Titrate the sample with a strong acid of known composition
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When the first indicator deactivates (the pH drops below 8.5), the amount of titrant added is the
carbonate alkalinity and hydroxide alkalinity point. The following equation converts the acid volume
to the carbonate alkalinity.

mg

Co5 Alk (T) as HCO3

mol
= Acid volume used to 8.5 pH (L) X Acid Conc. (
1
X
Sample Vol (L)

es mg HCO3
) X 61020 (—)
mole

4. The sample is titrated further until it until the second indicator appears (pH<4.5). This is the
bicarbonate alkalinity endpoint. This information is used as follows:

HCO3 Alk (%) as HCO3

moles
= Vol Acid for Bicarbonate Alk Titration (L) X Acid Conc. ( L )
X 61020 (mg HCO?’_) X !
mole Sample Vol (L)
The two titrations combine to calculate the total alkalinity
m
Total Alk (Tg) as HCO3
= Vol Acid for Carbonate Alk Titration (L)
moles
+ Vol Acid for Biarbonate Alk Titration (L) X Acid Conc. ( I )
X 61020 (mg HCO;) X !
mole Sample Vol (L)
mg mg

OH™Alk (T) as HCO3 = CO5 Alk (T) — HCO3 Alk (%)

5. In the absence of carbonates or in addition to carbonate, the OH" alkalinity can also be
determined from the difference between the carbonate and bicarbonate alkalinity and is only
relevant above 9.5 or 10pH (OH>10%° M or ~0.5ppm).

Alkgy = 2 * Alk8.5pH EP — Alk4.5pH EP
If the value is negative, then there is no hydroxide alkalinity. Hydroxide alkalinity is not common in

production waters because the pH is never that high. It is present in drilling and alkaline injection
fluids.
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Problem Statement

QOilfield waters do not conform chemically, to the fresh water used in the original alkalinity method.
Organic acids, borates, phosphates, sulfides and other proton-accepting species produce alkalinity.
Consequently, the standard alkalinity titration cannot be used to measure the bicarbonate/carbonate
concentration. We will evaluate this in the following examples.

Task 1: Quantifying Alkalinity of Certain Anions

You will compute the alkalinity of 100 mg/L of the following anions: HCO3, CO32, OH", CH;COx,
B(OH)4, SO4?, CI' and HS. The counter-ion will be sodium making the system basic. There will be
no additional salt (salinity) added the first set of calculations. This will allow you to quantify alkalinity
at near-ideal activities. You will calculate a second time in the presence of 1M NaCl. You will
conclude this section by producing a quantitative table showing the contribution to alkalinity as a
function of species and salinity.

We will be using °C and atm units for Temperature and Pressure so please adjust accordingly.

v Create a new file called “Alkalinity”
v' Add a new brine analysis
v' Rename it Alkalinity

330C Basics - Chapter 20 - Alkal
i"" Streams

] lkclinity

Bicarbonate

v Select the Design tab
v" Find HCO3-1 in the Anions grid and give it a value of 100 mg/L
v Check the Non-zero only box

| Variable Value | Balanced | Entry Options
Cations (mgiL) Units
Na=1 00| 37e7TE| [ -
Display

Anions (mgiL)

HCO3-1 100.000] 100000, Formua -

Show Mon-zero Only

v' Select the Reconcile tab
v Leave the default reconciliation option (Concentration Data Only)
v Click calculate and document the pH and alkalinity
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J Properties Measured

Temperature ("C) 25.0000
Preszure (atm) 1.00000
pH 0.0
Alkalinity (mg HCO2/L) 0.0
Density (g/mly 0.0
Elec Cond, specific (umho/cm) 0.0
Total Dissoived Solids (mo/L) 0.0

Composition Adjustments
Add Charge Balance (mg/L Ma+1)

The calculated pH is 8.27. The calculated alkalinity is 100.7 mg/L and is entirely the bicarbonate
alkalinity. The 0.7 mg/L addition to the alkalinity value is due to the pH endpoint and minor activity

coefficient effects.

The next three steps will make it easier for us to perform titrations later. Alternatively, we can continue
working in the same Alkalinity file and replace the anions as we go along. Subsequent instructions

will be applicable for both approaches.

Calculated

0. 26000
100.660
0.997086
150.960
MiA

376778

v"In the Navigator pane, right-mouse click Alkalinity and press copy

6: Streams | Descri

5 EEP

Arrange »

Cut
Copy

v" Right-mouse click the Streams icon, then select paste. Repeat this 7 times, to create a total of 8

objects in the navigator panel.

b“ — | Necrri
+E, ) Arrange >
Cut
Copy
Paste

The software designates the new streams as Alkalinity -1, Alkalinity-2, and so on.

v Rename the objects so that the anion they contain will be easily identifiable: Alkalinity-
Bicarbonate, Alkalinity-Carbonate, Alkalinity-Hydroxide, Alkalinity-Acetate, Alkalinity-Borate,

Alkalinity-Sulfate, Alkalinity-Chloride, and Alkalinity-Bisulfide

l-f' Streams

+EJ Alkalinity-Bicarbonate
+@ Alkalinity-Carbonate
- Tgh Alkalinity-Hydroxide
11 Tgb Alkalinity-Acetate
-lgb Alkalinity-Borate

@ Alkalinity-5ulfate
-Tgb Alkalinity-Chleride
-lgb Alkalinity-Bisulfide

o[- [ [

¥
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Carbonate

v' Select the Alkalinity-Carbonate brine analysis stream
v" Remove the 100 mg/L HCO3-1 and add 100 mg/L CO3-2
v Check the Non-zero only box

Description Design [ Report
= J Variable Value Balanced Entry Options
= Cations (mg/L) Units
Ll
Ma+1 0.0 766214
13 a+ mgﬂ_ W
= Display
Anions (mgilL)
Co3-2 100.000] 100000, (FOrmua h
[:H]
= Show Mon-zero Only
§ Neutrals (mg/L) Show Balanced Column
@
o
Template Manager
Standard w
Standard
Expanded

® vou can either type in CO3-2 in an empty cell, or select the Expanded Template to locate it in
the Anion grid.

v" Select the Reconcile tab and recalculate

J Properties Measured Calculated

Temperature (*C} 25.0000

Pressure (atm} 1.00000

pH 0.0 10.6347
Alkalinity (mg HCO3/L) 0.0 204.114
Density (g/ml} 0.0 0.997171
Elec Cond, specific (umho/cm) 0.0 431.288
Total Dissolved Solids (moil) 0.0 EA

Composition Adjustments
Add Charge Balance (mg/L Na+1) 76.6214

The alkalinity is 204.1 mg/L as HCO3 twice the C03? concentration added, and is consistent with the
above equation. The HCO3 formula weight is 61.02 g/mole and €032 is 60.01 g/mole — a mole ratio
of 1.7%. Two factors contribute to the alkalinity increase. The first is that C03? accepts two H™ ions
one above 8.5 pH and one above 4.5 pH. The second is that 1.7% additional moles of carbonate are
added because of the weight difference. Thus, the theoretical alkalinity of 100 mg/L alkalinity as
HCO3 *2 * 1.7% = 203.4 mg/L alkalinity as HCO3 . The computed value is 204.1.

Note the slight bias forming in the results. Instead of exactly 203.4 mg/L, the value is 0.70 mg/L
higher. This difference is due to non-ideal effects and the precise pH choice. The equations provided
above are for ideal conditions. However, we are well aware that there are non-ideal effects that must
be considered.
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Hydroxide

v' Select the Alkalinity-Hydroxide brine analysis stream
v" Remove the 100 mg/L HCO3-1 and add 100 mg/L OH"

| Variable Value | Balanced
Cations (mgiL)
Na+1 0.0 135177

Anions (mglL)
OH-1 100.000 100.000

v'  Select the Reconcile tab and recalculate

J Properties Measured Calculated

Temperature (*C) 25.0000

Pressure (atm) 1.00000

pH 0.0 11.7288
Alkalinity (mg HCO24/L) 0.0 351.285
Density (o/ml) 0.0 0.997251
Elec Cond, specific (umhoicm) 0.0 1402 33
Tetal Dissolved Solids (ma/L) 0.0 Ni&

Composition Adjustments
Add Charge Balance (mg/L Na+1) 135177

The computed alkalinity is 361.3 mg/L as HCOs?. The formula weight of OH~ is 17.01 g/mole
compared with 61.02 g/mole for HCO3?, so 3.587 times more moles of OH™ is added compared with
HCO3.

Therefore,

61020 1Oomg as HCO3 3587mg as HCO3
— X - " = ] —
17010 L L

Complete OH™ neutralization actually happens at about 10 pH, not 4.5 pH, which is the experimental
endpoint. Observing the neutralization effect requires a titration curve.
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Task 2: Non-Carbonate Alkalinity Contributions

We will see complications arising when other species contribute to alkalinity because they affect the
direct use of the alkalinity value in the carbonate/scale tendency equation. Contributing species
include borate, phosphate, formate, acetate, propanate, bisulfide, and any anion that will accept H*
ion above 4.5 pH.

Acetate

v Select the Alkalinity-Acetate brine analysis stream
v Zero out any existing concentrations and add 100 mg/L acetate C2H302-1

Variable Value Balanced
Cations (mg/L)
MNa+1 0.0 35.9364

Anions (mg/L)
C2H302-1 100.000 100.000

v" Select the Reconcile tab and recalculate

| Properties Measured Calculated

Temperature (*C} 25.0000

Pressure (atm}) 1.00000

pH 0.0 7.98623
Alkalinity (mg HCO3/L) 0.0 68.8926
Density (g/ml) 0.0 0.957059
Elec Cond, specific (pmho/cm) 0.0 148603
Total Dizzolved Solids (ma/l) 0.0 MiA,

Composition Adjustments
Add Charge Balance (mg/L Na+1) 38.9364

The computed alkalinity is 68.9 %as HCO3 . The acetate formula weight is 59.05 g/mole, close to

HCO3 (61.02 g/mole). So, if all the acetate contributes to alkalinity, then 100 mg/L acetate should be
close to that for 100 mg/L HCO3 as shown in the following equation:

mg HCO3
61020 g—13 mg Acetate” mg )
g Acetate= < 100——F——=103.3—=as HCO;
59050 T2

The theoretical alkalinity contributed by acetate is 103.3 # as HCO3 . This means that 68-95/103_3 =

67% of the acetate ion accepted an H* at 4.5 pH (33% remained as the C,H;0; ion). Acetate
concentrations therefore have significant impact on total alkalinity.

Borate

v' Select the Alkalinity-Borate brine analysis stream
v" Remove any existing concentrations and add 100 mg/L borate, B(OH)4-1
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[ || Variable Value | Balanced
Cations (mg/L)
Na+1 0.0 29.1605

Anions (mg/L)
B(OH)4-1 100.000  100.000

v"  Select the Reconcile tab and recalculate

J Properties Measured Calculated

Temperature (°C) 25.0000

Pressure (atm) 1.00000

pH 0.0 10.1258
Alkalinity (mg HCO3/L) 0.0 79.5162
Density (g/ml) 0.0 0.997103
Elec Cond, specific (umho/cm) 0.0 155.194
Total Dissolved Solids (mg/L) 0.0 N/A

Composition Adjustments
Add Charge Balance (mg/L Na+1) 29.1605

The borate contribution is 79.52 %as HCO3 for 100 mg/L added. If 100% borate contributed to
alkalinity the maximum value would be:

mg HCO;
61020 “E 0 ng BOH); mg
mg B(OH); X 100# = 77.39Tas HCO3

The theoretical alkalinity is slightly lower than the computed amount (we will investigate this next).
Thus, borate appears to be significant contributor to alkalinity. However, the pH is high, 10.12. Borate
is generally neutralized to boric acid by ~7 pH. Consequently, only a fraction of the total boron in
produced water is in anion form. Most is found in the acidic form H3BO;.

Sulfate

v' Select the Alkalinity-Sulfate brine analysis stream

v Remove any existing concentrations and add 100 mg/L sulfate (S0;2)
Variable Value | Balanced
Cations (mg/L)
Na+1 0.0 47.8641

Anions (mg/L)
S04-2 100.000, 100.000

v' Select the Reconcile tab and recalculate

J Properties Measured Calculated

Temperature (°C) 25.0000

Pressure (atm) 1.00000

pH 0.0 7.01280
Alkalinity (mg HCO3/L) 0.0 2.20641
Density (g/ml) 0.0 0.997122
Elec Cond, specific (umho/cm) 0.0 252.858
Total Dissolved Solids (mg/L) 0.0 N/A

Composition Adjustments
Add Charge Balance (mg/L Na+1) 47.8641
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The sulfate contribution is 2.2 mg/L as HCO3 for 100 mg/L SOs?added. If 100% sulfate contributed
to alkalinity the maximum value would be:

mg HCO3

61020 m 50_2 m

m;OI_Z x 100097 _ 63.52Tga5 HCO3
96060 mgoUs

mol

Sulfate has negligible effects on alkalinity. This is not surprising, since S0;? is a salt of an acidic
anion HSO, . To reach the theoretical contribution of 63.52%% HCOg3, the endpoint pH would be

near 0.3.

Chloride

v Select the Alkalinity-Chloride brine analysis stream

v" Remove any existing concentration and add 100 mg/L chloride (CI-)
Variable Value | Balanced
Cations (mg/L)
Na+1 0.0 64.8463

Anions (mg/L)
Cl-1 100.000| 100.000

v"  Select the Reconcile tab and recalculate

J Properties Measured Calculated

Temperature (°C) 25.0000

Pressure (atm) 1.00000

pH 0.0 6.99650
Alkalinity (mg HCO3/L) 0.0 2.04107
Density (g/ml) 0.0 0.997105
Elec Cond, specific (umho/cm) 0.0 342.904
Total Dissolved Solids (ma/l) 0.0 NIA

Composition Adjustments
Add Charge Balance (mg/L Na+1) 64.8463

The chloride contribution is 2.04 mg/L as bicarbonate for 100 mg/L CI" added. If 100% chloride
contributed to alkalinity the maximum value would be:

mg HCO;
61020 —gmol 3 mg Cl- mg i
0. %100 = 1721 —as HCO;
35453 19
mol

Chloride has negligible effects on alkalinity for the same reason as sulfate. Both are conjugate bases
of strong acids. To reach the theoretical contribution of 172.1 % as HCO3 , the endpoint pH would be

about 5.

Bisulfide

v Select the Alkalinity-Bisulfide brine analysis stream
v' Remove any existing concentration and add 100 mg/L bisulfide (HS™)
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Variable Value | Balanced
Cations (mgl/L)
Na+1 00 695108

Anions (mg/L)
HS-1 100.000/ 100.000

v"  Select the Reconcile tab and recalculate

J Properties Measured Calculated

Temperature (°C) 25.0000

Pressure (atm) 1.00000

pH 0.0 9.19343
Alkalinity (mg HCO3IL) 0.0 186.132
Density (g/ml) 0.0 0.997097
Elec Cond, specific (umho/cm) 0.0 337.862
Total Dissolved Solids (mg/L) 0.0 N/A

Composition Adjustments
Add Charge Balance (mg/L Na+1) 69.5108

The calculated bisulfide contribution is 186.13 %as HCO3 for 100 mg/L added. If 100% sulfate
contributed to alkalinity the maximum value would be:

mg HCO3
61020 "3 mg HS~ mg )
X 1007 = 1845TQS HC03

The theoretical bisulfide ion alkalinity is 184.5 %as HCOs3 . It has a significant impact on alkalinity.

Bisulfide concentrations however are generally low in produced water. Therefore, the absolute
effects are small.

A summary of all the calculation results are shown in the table below.

100 mg/L of the following ion | Initial pH | Alkalinity as mg/L HCO3
HCO3- 8.27 100.66
C0O3-2 10.64 204.1
OH- 11.73 361.29
Acetate- 7.99 68.89
B(OH)4- 10.13 79.52
S04-2 7.01 2.21
Cl- 6.99 2.04
HS- 9.19 186.13
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Task 3: Alkalinity Titration Curves

The alkalinity endpoint provides a snapshot of fluid chemistry. A complete titration curve shows the
system behavior across the pH profile and therefore the buffering region of different bases. In this
section, we will create alkalinity titration curves for 100 mg/L of HCOs, CO32, OH-, Acetate’, and
B(OH)4.

The first two sections below are alternatives. Clients can either use OLI Studio: ScaleChem objects
to create the 1N HCL reagent or use the OLI Studio: Stream Analyzer module.

Task 3-1 Create the 1N HCI Reagent with OLI Studio: ScaleChem

v Add a new brine analysis | B Add Brine Analysis
Name it IN HCI-1

Type HCL in the neutrals section with 36,453 mg/L
Select the show non-zero box

ANERNERN

Variable Value Balanced
Cations (mg/L)

Anions (mg/L)

Neutrals (mg/L)
HCI 36453.0, 36453.0

v" Select the Reconcile tab then calculate

J Properties Measured Calculated

Temperature (°C) 25.0000

Pressure (atm) 1.00000

pH 0.0 0.0756504
Alkalinity (mg HCO3JL) 0.0 0.0
Density (g/ml) 0.0 1.01481
Elec Cond, specific (umho/cm) 0.0 3.33828e5
Total Dissolved Solids (mg/L) 0.0 N/A

It should not be surprising that the reagent pH is almost zero. HCI is a strong acid, and thus the H-
Cl bond is weak, resulting in near complete dissociation. Thus, there is 1 mole H* in solution or zero
pH.

v Save the file

Task 3-2 Create the 1N HCI Reagent with OLI Studio: Stream Analyzer
v Select the Global Streams icon in the Navigator pane

Mavigator
Alkalinity
i‘," Streams

v" Double-click the Add Stream icon in the Actions pane

Actions
Actions
[[3]Add Stream
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v Press the <F2> key and change the name to 1N HCI-2
v Select the Units Manager icon then use the Quicklist button to pick Metric, concentration

EE ENQD

Units Manager - 1N HCI-2 ? X ‘

Summary

Unit Set: Metric (moles)

Units Manager
Automatic Chemistry Model
Aqueous (H+ ion) Databanks:

Boimciie fti o
Metric v Batch v Moles “| [ -—auickList-
Metric, moles
Metric, concentration
Metric, molar concentration
Customize... Metric, mass fraction
Metric, mole fraction
Sl, moles / ESP SI
English, moles / ESP English

Cancel Apply Help Metric, flowing, moles / ESP Metric

Metric, flowing, concentration

Metric, flowing, molar concentration
=TT

v" Press OK then enter HCI as an inflow with a concentration 36,453 mg/L

Task 3-3 Create an Alkalinity Titration

Once we complete either of the above methods for creating the HCI reagent stream, we can proceed
with the following tasks.

o -
v' Add a Mixing Water object %" Add Miing Water
v" Rename it Alkalinity Titrator
v' Change the Brine Volumes to ml (per day) by clicking a blue-colored unit and opening the Units

Manager
Composition Parameters Corrosion Inlets
J Variable
Brine Quantity
Qil Quantity
Gas Quantity
Whole Fluid Quantit
Type .
First[Jrine (m3/day)
Second Brine (m3vday)

v Select the bottom right corner of the Name cell and pick 1N HCL-1 as the first brine
Note: Remember that first brine is the stream that the Mixer will adjust.

v/ Set the total volume to 1000 mL/day

First Brine (ml/day) 1N HCI-1 1000.00
Second Brine (ml/day) | ~

F Type Name Flow

The 1L volume is the total liquid volume (sum of 15tand 2" brine). In this case, the 1L will be primarily
the alkalinity liquid that we will enter next. The 1N HCI reagent will be added to the Alkalinity liquid,
but its volume will be relatively small. It is an imperfect example, but it serves to show another
application of the Mixing tool. The actual flow rate is unimportant, but for realism, we will use a
volume similar to laboratory conditions.
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Task 3-4 Bicarbonate Titration Curve

v Select the bottom right corner of the Name cell in the Second Brine row and pick the Alkalinity-
Bicarbonate (the original Alkalinity brine) as the second brine

Type Name Flow
First Brine (ml/day) 1N HCI-1 1000.00
Second Brine (ml/day) Alkalinity-Bicarbonate |

v" Go to the Conditions tab
v' Change the type from Ratio to Flow

Select Type Brine Flows
Flow - J 1N HCI-1 (ml/day) Alkalinity-Bicarbonate
1000.00 0.0
Total flow: 1000.00 ml/day 800.000 200.000
600.000 400.000
400.000 600.000
. s
Steps: Auto Step 200.000 800.000
0.0 1000.00
[

v' Type 2 in the first column and first row then press tab and type 0 in the second row

Brine Flows
1N HCI-1 (ml/day) Alkalinity-Bicarbonate
2.00000 998.000
0.0 1000.00
| 600.000] 400.000
400.000 600.000
200.000 800.000
0.0 1000.00

v' Change the Auto Steps amount to 20 then select the Auto Step button

Steps: 20 ‘ Auto Stepg

The software will add the HCl at 0.1 mL increments up to 2 mL. It will also remove 0.1 mL of Alkalinity-
HCO3 volume at each step to maintain the 1000 mL volume. Consequently, the titration we are doing
is not 100% correct. In an actual titration, the sample fluid volume is fixed at 100 mL. Fortunately,
the HCI reagent is concentrated, and the volume added is small. This limits the displacement error
to 0.2%

Select Type Brine Flows
Flow o J 1N HCI-1 (ml/day) Alkalinity-Bicarbonate
2.00000 998.000
Total flow: 1000.00 mi/day 1.80000 998.100
998.200
1.70000 998.300
S [ LIDELD 1.60000 998,400
1.50000 998.500
1.40000 998.600
1.30000 998.700
1.20000 998.800
1.10000 998.800
1.00000 998.000
0.900000 999.100
0.800000 999.200
0.700000 ©99.300
0.600000 999.400
0.500000 999.500
0.400000 999.600
0.300000 999.700
0.200000 999.800
0.100000 998.800
0.0 1000.00
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v" Press the Calculate button

v' Select the Plot tab and then select the Variables button

v" Remove all existing plot variables in the Y1 Axis by highlight the Y1 axis header then select the
<< arrow button

Y1 Axis
Dominant Pre-scaling Tendencies

v' Expand the Aqueous category and add HCO3-1 to the Y1 axis
v' Expand the Additional Stream Parameters category and add pH-Aqueous to the Y2 axis

Additional Stream Parameters
Density - Aqueous
Density - Total
lonic Strength (m-based) - Aqueous
lonic Strength (x-based) - Aqueous
Standard Liquid Volume - Aqueous
1 Phase Flow Properties
+ Thermodynamic Properties
t Pre-scaling Tendencies
+ Pre-scaling Index
# Scaling Tendencies
t Scaling Index
Aqueous
Dominant Aqueous
Ci1
co2-Aq
C03-2
H+1
H20

v" Press OK and view the plot

105

100
95+
90 F
85+
80+
75+
70+
651
60+
55+
50+
45+
40¢
351
30+
25+
20+
15+
10+
5,
0

HCO3-1 [mglL]

>> | [INHCH1 Raio

Y1 Axis

HCO3-1

>>

Y2 Axis

pH

' »Di

9.0

T 155

\\ 14.0
: Y 435

—»—HCO3-1 [mg/L]
—a—pH(Y2)

185

18.0

175

17.0

16.5

16.0

Hd

15.0

145

1N HCI-1 Flow [ml/day]

PR AR

The pH curve is the typical bicarbonate-buffering curve. The slope of the curve is shallow between
pH 7 and 5.5, where bicarbonate buffering is strong. Below 5.5 pH, the curve drops sharply and has
its steepest slope at about 4.5 pH.

OLI Studio: ScaleChem Basics —Calculating Alkalinity

12-15




v" Click the View Data button

1N HCI-1 Flow HCO3-1 pH
miiday mg/L
1 2.00000)  0.136221 3.45629
2 190000  0.186411 3.59319
3 1.80000  0.294252 3.79238
4 1,70000  0.662394 4.14685
5 1.60000 3.15476 4.83606
6 1.50000 864414 529927
7 1.40000 14.5983 5.55620
8 1.30000 20.6342 5.73841
9 1.20000 26,6969 5.88490
10 1.10000 327715 6.01163
11 1.00000 38.8520 6.12687
12 0.900000 44.9357 6.23574
13 0.800000 51.0208 6.34199
14 0.700000 57.1061 6.44885
15 0.800000 63.1903 6.55967
16 0.500000 69.2717 6.67862
17 0.400000 75.3472 6.81177
18 0.300000 81.4104 6.96974
19 0.200000 87.4421 7.17511
20 0.100000 93.3526 7.49486
21 0.0 97.6983| 8.26888)

v' Copy the data to a spreadsheet program by holding down the left arrow, highlighting all the points
and pressing <Ctrl+C>.

v Click on the View Plot button to show the plot again

= Wiew Plot Wariablez Options

For the following titrations, we can either add a new Mixing Water object or work from the existing
object. The instructions below assume the latter.

Task 3-5 Carbonate Titration Curve

v Return to the Design | Inlets screen
v Replace the second brine with the Alkalinity — Carbonate stream

AT 4
1

Description Design (i Plot [ Report

E J Type Name Flow

= First Brine (mlday) 1N HCH 1000.00
Second Brine (mlday) A lkalinity-Carbonatc RS
<sglect>

w

v Select the Conditions tab and change the 1N HCI flow from 2 ml to 4 ml (top cell)

Brine Flows

J 1N HCI-1 {mliday) Alkalinity-Carbona
4 998.000
1.90000 953.100

We will need twice as much acid to titrate the CO3?
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v" Make sure Auto steps are set at 20 and click on the Auto Step button then click on the calculate
button

Description [&¥ Design il Plot [l Report

Select Type Brine Flows Calculate &

- i ini
J AN HCI-1 {mliday) Alkalinity-Carbona DCEICL.IIabe Alkalinity

4.00000 8596.000
" Total flow: 1000.00 ml/day 330000 955 200 Summary
=
=} 3.60000 896 400
= Steps: EI Auto Step Unit Set: <Custom:= ~
= k 3.40000 896.600
=
o 3.20000 596.800 Automatic Chemistry Model

v' Select the Plot tab then select the Variables button
v' Add CO3-2 from the Aqueous categories to the Y1 Axis

- Inflows Y1 Pods
28 Additional Stream Parameters
->>

£

£

- Aqueous 032
(- Vapor E

- Selid

[+- Molecular Totals
£
£
£
£

H- Scaling Tendencies

+- Pre-scaling Tendencies
+- Gibbs Free Energy B
+- Gibbs Free Energy Standard Stat

H Ebemia S5

pH - Aqueous

v Press OK and view the Plot

105_'|'|'|'|'|'‘|'|'|'|'|'|'|'|'|'|'|'‘l'l'l'l'l'l'”-U
100 l-‘ —#—HCO3-1 [mgll] o 10.5
—&—coz2mel g
—=—pH (¥2) 95

190
Jss
Js0
J7s
170
165
160
Jss
150
Jas
140
J3s
130
SR Y

HCO3-1 & CO3-2
Hd

1N HCI-1 Flow [ml/day]

v Click on the View Data button then copy data to a spreadsheet program
v Click on the View Plot button to show the plot again
v Save the file
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Task 3-6 Hydroxide Titration Curve

v" Return to the Design | Inlets tabs and replace the Carbonate stream with Hydroxide

LT 4
L}

Description Design (i Plot (& Report

E J Type Name Flow
= First Brine (miiday) 1N HCH 1000.00
Second Brine (ml'day) Alkalinity-Hydroxide |
v" Select the Conditions, tab then overwrite the first cell with 7 ml
v" Press the Auto Step button and then click the calculate button
\'(
Description Design (il Plot EE] Report
Select Type Brine Flows Calculate i@
— - AN HCIH1 (mliday) Alkalinity-Hydroxi Aladal ini
J F.U;DUU 9“.‘;3.000 I:‘C R RS
" Total flow: 1000.00 ml/day 585000 083,250 Surnmary
: e Rl | p— :
v" Select the Plot tab then select the Variables button
v" Remove the carbonates by double clicking on them
v' Add OH- from the Aqueous section to the Y1 axis, and add pH in the Y2 axis
105 [ T T T T T T T T T T T T T T T T T T L— T T ] 12.5
100 e OH-1 [moiL] 1120
gsfk:— A—h—p e apHOY2) 4115
90 + N —h—y ! 1110
[ LY LS — ]
86 r ™~ * 7 10.5
80 - '. {100
:3 C | J9s
[ | =4 9.0
65 [ . | Jas
= 60 F | ]
E sl | 5
- . 175 T
3ol 170
40 F | 165
35 L h \ 160
30 F \.\\ ! {55
25 | {50
20 | 7 4.5
15 L . A ] 4.0
10 F . 135
5L A~y Jd30
0 L L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 1 L 1 \T"\-I . & 1 25
% % o G Yo %o % % o % % % % % ‘o s

1N HCI-1 Flow [ml/day]

v' Select the View Data button and copy the data to a spreadsheet

v Click on the View Plot button to show the plot again
v Save the file
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Task 3-7 Acetate Titration Curve
v' Repeat the same procedure for Acetate

LT 4
L}

L
2
=

‘J

Type
First Brine (miiday)

Second Brine (mliday)

Name
1N HCH1
Alkalinity-Acetate

Flow
1000.00

v' Select the Conditions, tab then overwrite the first cell with 2 ml

v" Reset the Auto Steps to 20

v Press calculate then plot pH on the Y2 Axis and acetate ion (C2H302-1)to the Y1 axis

105 T 1 T T T T T T T T T T T T T T [T T [ 9.0
100 \ e C2H3021 [mal] | 85
Br —&PH (¥2) '
90 AN 50
3 £ ‘\. 1o
80 J‘. \\\\ ?_5
75 B\ . ]
O . 7.0
g of | \.\‘ les
E 60 C L ] -
T o 6.0
§ oL A 16
ET S * N
o L 4 55
© o f A haN ]
S —_, \'\ 5.0
r . ]
0r N
25 [ A, e 45
20 \l\l 40
15 \l A | B
0 a \.\h-""'-‘ 35
£+ -.~__‘ |
0 C 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 P | 1 1 1 Il 1 1 1 1 1 3_0
9 % % % % % Y% b % % o s e e s e a e Yo S0 %,

1N HCI-1 Flow [ml/day]

v Save the file

v' Click on the View Data button then copy the data to a spreadsheet program

Hd
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Task 3-8 Borate Titration Curve

v" Redo the calculation for Borates

v" Decide upon which species are important to plot

B(OH}4-1 [mgiL]

10.5

1ho.o0

1N HCI-1 Flow [ml/day]

[ T T T T T T T T T T T LIS IS S S S S S
— —#—B(OH)4-1 [mgiL]
e —d—PH (v2)
L \.\ e, .
r ey
- T
A

N A
L L i
L \ S
[ \ —y

M| | I | I IR N | IR NI NI R " P ST ST
% % Q@ % % % % 0{? % ‘o ‘s b % s " ‘e Yo 2 %

v Click on the View Data button and copy data to a spreadsheet program

v' Save the file

Hd
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Task 3-9 Sulfate Titration Curve
v" Repeat for Sulfate

L e o e L o o o e o L e L Byt e s e s e s e s e
[ #5042 [mgiL]
100 b i
X & pHOVZ)
% \
90 | \‘\
wr \\
= [
2 80 | ‘\‘g
o~ P
T 50 | e
0] L 'I "‘“\‘\H
70 + "_.. ‘\‘\
85 - y .
—A—, ~e__
- —a .
80 | e
I A Iy
85
50 1 1 1 Il 1 1 1 1 1 1 Il 1 1 1 1 1 1 Il 1 1 1 1 1 1 1
% % %0 %5 20 % Yo s To %o Yo % % % Yo s %o % %0 % B, 70 77 T B B

1N HCI-1 Flow [ml/day]

The sulfate titration calculation was taken well beyond the alkalinity endpoint in order to show the
equilibrium between the SO42 and HSO4 species. At ~2 pH, SO42 and HSO4 have roughly the same

concentration: this is a sulfate buffering region.

v" Click on the View Data button and copy the data to a spreadsheet program

v'  Save the file

75

] 7.0
] 6.5
] 6.0
] 55
| 5.0
] 45
] 4.0
] 35
] 3.0

25

Hd
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Task 3-10 Interpreting the Titration Data

v" Move to the spreadsheet
v Plot the pH vs. HCI

12

11 ¢

10

pH
\]

2 1 1 1 1 1 1
0 1 2 3 4 5 6 7

1N HCI (ml)

pH (HCO3-1) CO3-2 —e—0OH- —e—Acetate ion —e—BOH4-

This plot shows the buffering (pH) regions and the total buffering capacity of each weak acid. The
highest buffering capacity, though not relevant to produced waters, is OH". It's relatively low
molecular weight (17 g/mol) results in more buffering per concentration (all are fixed at 100 mg/l). Its
buffering region ends at about 10.5 pH (extent of shallow slope). At this pH virtually all the OH is
consumed by the HClI titrant. Consequently, at typical produced water pH (between 5 and 8) no OH"
buffering occurs.
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v Plot the species concentrations vs. pH

100

90 r

80

70

60

pH

50 r

40

30

20

10

O 1 2 3 4 5 6 7 8 9 10 11 12 13
1N HCI (ml)

HCOS-1 CO3-2 ——0OH- —e—Acetate ion —e—BOH4- —e—S04-2

The plot above shows the concentration impact in greater detail. It represents the concentration of
free ion vs. pH for the different buffers. The red vertical line to the far left is the pH titration end point.
The shaded vertical section to the right is the typical produced water pH as measured in the
laboratory. From this diagram we can see that very little OH" exists in produced water between 7 and
8 pH.

The carbonate ion is dibasic (accepts two H*) and therefore has two buffering regions and endpoints.
The first buffering zone exists from 10.7 to 9 pH, and the sharp pH drop reflects CO3? depletion from
solution. Few produced waters have pH above 8, and therefore CO3? alkalinity is rarely observed.
The second buffering region of COs? is associated with protonating HCOs, and this second zone
parallels exactly the 100 m/l HCOgz*? titration curve. This second curve is the main alkalinity
component in produced waters. Its existence is due to the continuous production of CaCOg3 in
seawater.

The acetate buffering zone is between about 5.7 and 3.5 (end of curve). If the titration were extended,
then the inflection point ~2.7 pH would have been observed. This buffering zone straddles the
alkalinity endpoint, which is why it creates complications when measuring total alkalinity without an
organic acid content. Organic acids are products of organics/kerogen catagenesis, which creates
the fossil fuel. Therefore, it is commonly observed in produced waters. Lastly, the borates buffering
region is between 10 and 8 pH with an end point at about 6 pH. Borates exist at pH’s higher than the
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typical produced water, but when borate concentrations are high and the laboratory measured pH
approaches or exceeds 8, then this base will affect total alkalinity. Borates exist in seawater and
deposit in the interstices of sediments. They are also fairly soluble (like Cl and Na) and are generally
found in produced waters.

The table below contains the pH and concentration data from the calculations we ran and plotted
above. The shaded cells represent the regions in the titration curves that would contribute to a
produced water alkalinity. At the bottom of the table is a % range value. This value represents the
fraction of the species concentration that would contribute to the alkalinity.

HCO3-1 C0O3-2 OH- Acetate-1 | BOH4-1 S04-2 HS-
pH mg/l | pH |mg/l | pH | mg/l | pH | mg/l | pH | mg/l | pH | mg/l | pH | mg/l
3.5 0 3.2 0 2.8 0 |34 4 3.2 0 |28| 87 |30] O
3.6 0 3.3 0 2.9 0 |35] 6 3.2 0 |28] 8 |[31] O
3.8 0 3.6 0 3.1 0 |37 7 3.3 0 |28| 8 |33] O
4.1 1 4.1 0 3.3 0O |38] 10 | 34 0 |28 89 |[34] O
4.8 3 5.2 0 3.8 0 |39] 13 | 35 0 |29]| 89 |38] O
5.3 9 5.7 0 |103| 4 |41 17 | 37 0 |29] 90 |49 ] 1
5.6 15 | 6.0 0O |10.7] 10 |[42] 21 | 39 0 |29] 90 |59 ]| 7
5.7 21 | 6.2 0O |11.0] 17 | 43| 26 | 45 0 |29] 91 |62 14
5.9 27 | 6.4 0O |111] 23 |[44| 31 | 8.0 5 |30] 91 |64 ]| 20
6.0 33 | 6.6 0O |112| 29 |45| 37 | 84 | 13 |30 92 |65 | 27
6.1 39 | 6.9 0O |113| 36 |46 | 42 | 86 | 21 |31 92 |6.7| 34
6.2 45 | 74 0O |114| 42 |47 48 | 88 | 28 |31 | 93 |6.8]| 40
6.3 51 | 8.8 4 |114] 49 |48 | 54 | 90 | 36 | 32| 94 |69 | 47
6.4 57 1 95| 14 |115| 55 |49| 59 | 91 | 44 |32] 94 |70 54
6.6 63 | 9.7 | 24 |115| 62 |50| 65 | 9.2 | 51 |33]| 95 |7.1] 60
6.7 69 | 10.0| 34 |116| 68 |52 | 71 | 94 | 58 |34 | 95 |73 ]| 67
6.8 75 |101| 43 |116| 74 |53 | 77 | 95 | 66 |35 96 |74 ]| 73
7.0 8l |103| 51 |116| 81 |54 | 82 | 96 | 73 |36 ]| 97 | 76| 80
7.2 87 1104 | 59 |11.7)| 87 |56 | 88 | 98 | 79 |38 97 | 78| 87
7.5 93 |105| 66 |11.7| 94 | 60| 94 |100| 84 |41 ]| 98 |81 | 93
8.3 98 |10.6| 71 | 117|100 |80 | 100 |[10.1| 89 |7.0] 99 | 92| 99
% inrange | 93 0 0 63 5 1 79

Consider the following with this table: Anions are now being measured using ion chromatography.
How does the alkalinity value measured relate to this ion chromatography measured ions?
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Task 4: Effects of Temperature and Salinity on Carbonate Alkalinity
v" Return to the original Alkalinity (or Alkalinity-Bicarbonate) brine

v' Copy and paste it to create a new one
v" Rename it Alkalinity-Bicarbonate-NaCl
v" Add 23000 mg/lI Na* and 35453 mg/I CI
Ty
Description Design [ Report
= ] Variable Value | Balanced | Entry Options
uE-l' Cations (moi/L) Uiniks
% MNa+1 23000.0 230276 oL -
a Display
Anions (mg/L)
HCO3-1 100.000] 100000, (Formda -
% | CH1 35453.0 35453.0 [+ Show Mon-zero Only
v" Return to the Alkalinity Titrator object and select the Inlets tab
v' Change the second brine to the new Alkalinity-Bicarbonate-NaCl brine
v' Set the Max HCl to 2ml and press the Auto Steps
v' Calculate, Select the Plot tab, then the Variables button
v" Remove all the variables from the Y1 and Y2 axes
v' Add HCOg3 from the Aqueous category to the Y1 Axis and pH from the Additional Stream

Parameters section in the Y2 Axis

L s e s e e L L B LA L L B LD LB Qe S S S e 8.0
70 k\ —#—HCO3-1 [mgiL]
o _‘\ & pH (v2) H75

_\_\Jaj . ™ ‘- N
Ewnl e, — 1
. =]
- . A 155 %
@ o35 \ A
" |
T gl " A 450
L F Y
2 \\
A 445
20| N

L [ ] -
10 - A
- A {35
5 r 4
] 7]

1N HCI-1 Flow [ml/day]

v' Copy the data to the Spreadsheet and add this plot with the original HCOj5 titration plot
v" Click on the Alkalinity Titration’s Inlets tab and change the temperature to 75C
v Calculate
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v Plot the pH vs. HCI for the three 100 mg/l HCO3 calculations (25C, 25C & 1N NaCl, and 75C &
1N NacCl).

9.0
85 |
8.0
7.5
7.0
6.5
£ 6.0
5.5
5.0
4.5
4.0
35

3'0 1 1 1 1 1 1 1
000 025 050 075 100 125 150 175 2.00

1N HCI (ml)

pH (HCO3-1) —o—pH (HCO3-1), 1M NacCl
—e—pH (HCO3-1), 1M NacCl, 75C
Consider the following when viewing the plot: Under ideal conditions (25C & 0 M NacCl) the titration

endpoint occurs at ~1.65 ml HCI. At more realistic conditions (1m NacCl) the endpoint occurs at ~1.6
ml HCI. This is a difference of ~3%.
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Task 5: Effects of Temperature and Salinity on Acetate Alkalinity

Return to the Alkalinity-Bicarbonate-NacCl brine

Keep the 23000 mg/l Na* and 35453 mg/I CI

Erase the HCOS3-1 value and add 100 mg/l acetate, and then Calculate
Return to the Alkalinity Titrator and set the maximum HCI to 2 m|

Click on Auto Step

Recalculate to create the following pH vs. HCI plot

AN NN

8.0
7.5
7.0
6.5
6.0
L 55
5.0
4.5
4.0

3.5 ‘

3.0 1 1 1 1 1 1 1 1 1 T

0O 02 04 06 08 1 12 14 16 18 2
1N HCI (ml)

—eo—pH (Acetate-1) pH (Acetate-1), 1 M NaCl

Consider the following when viewing the plot: Under ideal conditions (25C & 0 M NaCl) the titration
endpoint occurs at ~1.1 ml HCI. At more realistic conditions (1m NaCl) the endpoint occurs at 0.75
ml HCI. A difference of ~32%!

Summary

The purpose of this chapter was to present the quantitative chemistry of alkalinity and to expose
some additional calculation features within ScaleChem. From this, we can see that additional
measurements for organic acids, bisulfides, and borates can be important when considering
carbonate scale risks.

Further Reading

SPE 37277 — Alkalinity in Oilfield Waters. What alkalinity is and how it is measured. 1996. B. Kaasa
and T Ostvold. 1997 SPE international symposium on Oilfield Chemistry. Houston TX.

James Drever. 1988. The Geochemistry of Natural Waters, Chapter 4: The Carbonate System and
pH control. Prentice Hall.
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