16. Studio ScaleChem
Calculations

Calculations Overview

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

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

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

Calculations: Adding a new brine sample

1
Add Brine
Analysis

Position the mouse on the Actions Panel and select object name Add brine analysis
which looks like a logo above and double click. Rename the brine in Descriptions tab

| W

[ < Description &% Design | [ Repont | = File Viewer

Name: ‘WTHWTR

Descrption

Date: | 6/20/2016  |w

Figure 16-1 The default brine sample description

You must reconcile the sample for both electroneutrality, pH and alkalinity.

Name
Type of water
Comment:
Species:
Na*

Ca*?

Mg*?

Fe+2

ClIt

804'2

HS?
HCO3’

Conditions:

WTXWTR
Aquifer Water
West Texas Water Supply
3074  mg/L
910 mg/L
249 mg/L
0.77 mg/L
4474  mg/L
2960 mg/L
146.2 mg/L
439 mg/L
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pH 7.98

Alkalinity 439 mg/L as HCOg
Titration pH 4.5

Temperature as

Pressure 147 PSI
Density 0 (will be estimated)
® File Edit Stresms Calculations Chemistry Tools View Window Help - |5 %
DEE| Be 22 Mo res giE:s ME: S BEF
Navigator d Mt d il
Document! ‘
SSC Chapter 16.0ad" | | | Description| &¥ Design | Report | I File Viewer,
4 Streams 2
. Surmary
WTXWTR
H .:'_: Calouiate Brine Properties Using:
| ) Concenfration Data Cniy i_soecs—... | Calculste @ Unit Set <Custom=
i 71 Gas-Phase CO2 Content (mole%) i Automatic Chemistry Wodel
=] 9 Measured pH and Alkalinity | Allow solids to form AQ (H+ ion) Databanis:
Publc
2 Memmeed it Doty No Solid phase(s)
Callculate Allafinity Custom K-fit P-span
Stream Parameters:
: Properties | Measured | Caiculated Temperalure ('C) |25.0000
Temperaturs (') | 25.0000 | i
Iprmre T I ~ | Pressure (psia) |14.6960
i = L = 1 Stream amount (L) 1.00000
L R e | 758000 |
LelonE— ||| Amatinty (mg HeoaLy | 438,000 | P m;‘_"‘l lon Charge Balance
= | [ Alkainiy End Pomt phi 450000 | Cation Charge] 6.165659
Add ' : Densty (o) | Ml Anion Charge | -0.199435
Anal-,rr;::e l ! EI!F’ Cond, lp'dﬂ.c {umhiofcm) - = _ Imbalance 2.02357e-4
: 3 | | Total Dissolved Solis (mg/L) | 00 lonis) needed to balance [mgiL):
frmm——————— | Composition Adjustments C-1]7.188
Plot Template M = | I o .
T ot Ele == ||| Added thrant (moL) | | Measured pH and Alkalinity.
|| | Add Charge Balance (mgi CH-1)
|
Saive

Figure 16-2 The calculated Brine WTXWTR

Calculations: Adding a Gas Sample

&

Add Gas

Analysis
From the Actions Panel click on Add Gas Analysis. Input the name in the description
tab. We recommend that you use a suitable name

=
 Description |£¥ Design | & Definition | & Report | 2 File Viewer|

Name: LightH(| Date: | 6/20/2016  [«]

Description

Figure 16-3 Entering a gas sample

To add more descriptive information, click on the Design tab.
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Description Design |@ Definition | Bl Hepnnlg File Viewer

-
©
=
a
o
@
(i

Summary
Component Value | Normalized | Eniry Options
Subtotal: | Subtotal: 10| Units Unit Set: Metric (mole fraction)
H20 0.0 0.0 [mme % v]
Automatic Chemistry Model
N2 0.0 0.0 i’
Display AQ (H+ ion) Databanks:
e = i o
H25 0o oo Second Liguid phase
he 00 Jooooo | [/ Show Nen-zero Only Custom K-fit P-span
CoHE 00 00 Show Normalized Column Stream Parameters:
C:’:\HB o o0 Temperature (*C)|15.5556
: Template Manager Pressure (atm}  |1.00231
FC4H10 0.0 0.0
-C4H10 00 00 Standard 2 Makeup Normalization: CH4.
— n ¥ Equilibrium Calculation.
C5H12 0.0 oo
[ cehie 0.0 00
Normalize Options
Makeup -
Group Manager
[] Use Groups Add

&

Figure 16-4 The blank gas entry. Initially 100 % methane (CHa)

Please enter the following composition

Gas

Carbon dioxide (CO2) 10 mole %
Water (H20) 15 mole %
Description Design | Definition | E Report | L3 File \I’iewer|
i .
g Component Value | Normalized | Entry Options
] Subtotal: | Subtotal: 10 Units
= H20 15,0000 15.0000 [mde a%, v]
\ N2 0.0 0.0 Display
coz 10.0000 10.0000 ’
= Farmula v]
‘O HZ3 0.0 0.0
s|l v cne 00|  75.0000| [IShow Non-zero Only
o CoHE 00 00 Show Mormalized Column
Hib 4y oy Template Manager
FC4H10 0.0 0.0
n-C4H10 0.0 0.0 [Siﬁndard v]
FC5H12 0.0 0.0 [ e ]
CS5H12 0.0 0.0
C5H14 0.0 0.0
Mormalize Options
[Makeup vl
Group Manager
[Use Groups Add

Figure 16-5 Entered gas.

The gas composition is entered as mole% or volume% (these are equivalent for an
ideal gas). The total must be 100% and can be adjusted by normalizing, or by letting
the program determine the amount of hydrocarbon gases present. The gases that are
displayed here will be either the standard gases or expanded gases . Toggling from
the standard to expanded can be achieved by clicking the Gases button.
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Normalizing

Displaying Gases

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

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

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

The dew point corresponds to the temperature or pressure where a gas will begin to
condense and form a liquid (aqueous) phase. The Dew Point calculation will allow
you to determine the amount of water that could be contained in the gas at the stated
temperature, pressure and composition.

2

Type of Calculation

Saturated water Content

At Conditions

Calculations: Adding

J Component | Hormali Reconcile Calculate &8

Subtota Subtotal:
Hz0 15.0000 | 1.75794

coz 10.0000| 115567 | Saturate With @

CH4 75.0000 | 86.6854 J

Condition

Conditions Value
Temperature (*C) 15.5556
Pressure (atm) 1.00231

[¥] show Mon-zero Only

Figure 16-6 Reconcile tab

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

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

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

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

an Oil sample
8

Add Ol
Analysis

From the Actions Panel click Add Qil Analysis. Enter the name in the Description
Tab.
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[

&/ Description | &¥ Design | Report =d File Viewer

Name: OIL Date: | 6/20/2016

Description

Figure 16-7 Input name for the Oil Analysis

Input the composition information in the design tab.

Calculations: Hydrocarbon - Pseudocomponent approach

There are three entry types. The first is pure components (organic and inorganic), the
second is pseudocomponents, and the third is a distillation curve (termed petroleum

fraction. Studio ScaleChem groups the pseudocomponent and assays together.

For this example we will enter pure component and pseudocomponent data.

Entering Pseudocomponent data

Entry Options
Units

Display

Formula -

ow Mon-zero Only

¥ Show Normalized Column

Template Manager

Standard =

Save as.

Normalize Options

|

Prorate

&
|7 Description | &F Design | & Report [ L3 File Viewer|
__J Component Value Normalized

= Inflows Subtota Subtotal: 100.0 |

o= Hz0 | 0.0 L D.D”

E CH4 | 20.5300 £8.2950

© C6H14 | 8.59500 24,4072 |
coz | 6.09000 17.2933 |

s | Il |

o

o

o

-

3

a

w

o

b

m

w

W

<

™

.

hE

o

=4

o

o

@

(1

Summary

Unit Set: Metric (mole fraction)

Automatic Chemistry Model
AQ (H+ ion) Databanks:
Public
Second Liguid phase
Custom K-fit P-span
Stream Parameters:
Temperature (*C) 15.0000

Pressure (atm) | 1.00000

Prorate Normalization.

Inflows: 100.000
Pseudocomponents: 0.0
Aszay: 0.0

Equilibrium Calculation.

Normalized Summary (mole %):

Figure 16-8 Starting to add compositions.

We will start by entering the following composition:

Methane (C1)
Hexane (C6)
Co2

20.53mole %
8.595mole %
6.09mole %

(you will have to scroll down to find the CO2 entry).
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Description | (& Design | | Report | L2 Fil

J Component Vall_.le Normalized
3 C21H44 0.0 0.0
£ C22H46 0.0 0.0
E C23H48 0.0 0.0
o C24H50 0.0 0.0
C25H52 0.0 0.0
§ C30H62 0.0 0.0
o C35H72 0.0 0.0
=3
2 C40HB2 0.0 0.0
[ o HCOOH 0.0 0.0
;'-\ CH3COOH 0.0 0.0
C3HEOZ 0.0 0.0
CH30H 0.0 0.0
= C2H50H 0.0 0.0 |
;(‘: C2H4(OH)2 00 00|
N C4Hao2 0.0 0.0
A C2H404 0.0 00|
o N2 0.0 0.0 |
§ coz 6.0800 17.2938 |
é H2S 0.0 0o |
B

Figure 16-9 C1 to C20 entered. Scroll down to find CO2

i

= Descripliun| ¥ Design i Heport I Q File Viewer

Nomal Boiling

Component Molecular Weight Point {°C}

Specific Gravity | Thermo Method Value (mole %)

=Enter a name=

/ Reconcile’f" Assay /Faaudncnmp Combined

Figure 16-10 Entering pseudocomponents.

Type the name PC1 in the section <Enter Name> below column heading
Component. Please enter the following information. Add a mole percentage of 27.57

%
o= 2 Nomal Boiling i 5
a Component Molecular Weight Boint (°F) Specific Gravity Thermo Method Value (mole %)
=
._g
8 PC1 100.210 98.4300 APLE 27.5700

Figure 16-11 Adding the first pseudocomponent.

We have now entered the first pseudocomponent. Keep typing in the Enter Name section to add
more pseudocomponents. We have 3 additional entries.
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Name MW (g/mol) nBP (F) Method
PC2 170.34 216.32 API
PC3 282.55 343.78 API
PC4  506.0 645.00 API

The completed input looks like this:

mole %
29.35
7.19
0.68

&
|\e7 Description ' [&¥ Design |[§ Fleportimll_ﬂ File Viewer|

J Component Molecular Weight st Foiig Specific Gravity

E Point (*F)

=

E PC1 ééAiﬂﬁ'f' 100210 :
PCZ 170.340 216320 |

Bl | Fo 202550

g PC4 506.000 §45.000

=2 L |

Figure 16-12 Completed input

Reconciling the Pseudocomponent

Thermo Method

APLE
AP
APLB
APLE

Value [mole %)

275700 |
293500 |
7.19000 |
0.630000 |

Click on the Reconciliation tab to see how well the pseudocomponent will predict

the phase behavior of the hydrocarbon sample. You will be presented with the

following display:
&
Description Design @ Report | L2 File Viewer|
H| Component _ Mormalized
) Inflows Subtotal: 35.21321100.000 {mole %)
£ H20 0.0
: CHe 20,5280
L || [ceria 859457
|| Teoz £.08970
= N
8
= Pseudocomponents Subtotal: 64.7868/100.000 (mole %)
] PC 27 5686
s PC2 29.3485
B PC3 7.18954
PC4 0679986
)
o
o
w
T
L
bt
‘G
=
-]
1<}
L]
-

Figure 16-13 Reconciliation Tab

We will hold the temperature constant at 204 F and vary the pressure from 200 to

Caloulate &8
Saturate With None =z

Condition

Conditions
Temperature (*F)
Pressure (atm)

[¥] Show Mon-zero Only

Value |
55.0000
1.00000

Boiling Point Cyrye
‘ Add boiling point curve .

2000 PSI in 100 PSI increments.

Click the Boiling point button. A new calculation appears in the navigation panel

below OIL1 Object.
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35C Chapter 16.0ad

lf' Streams

-l WTXWTR

-4 LightHC

&g OIL-1

.. & Reconciled-0IL-1

Figure 16-14 Boiling Point calculation

This is a survey by Pressure. Click on the specs button and specify the conditions
below.

Enter a fixed value of 204 deg F

Enter a pressure range:
Start 200 psia
End 2000 psia
Start 100 psia

Click the Calculate button.

Click on the plot tab, you will see the following graph: You could adjust the
parameters by clicking on curves.

£
< Description | & Definition | #l Plot i___ﬁeport‘__Fiie_\;l’ieweri
| | |
@ SRS = I Wiew Data ” W ariahles || Dptions |

30 L T T T T T T T T T T T T T T ]
Lol ]
= L _
o 61 7
E 24r ]
= 22 - ]
= [
= ]
AL ]
::f 16 r 7
2 1L 3
£ 2t 1
5 101 ]
g of ]
e h
2 4l |
> 2 - -

n E 1 1 1 1 1 1 1 Il Il 1 1 1 1 1 1 1 Il

& 2, & % A - &
B B R %Y %Y e R D 2,
Pressure [psia]

Figure 16-15 Boiling point curve
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If the curve does not meet expectations, you will have to adjust the mole percentages or the
pseudocomponent properties. This is a manual iterative approach. You can see the actual data by

clicking the View data button.

Saturating the hydrocarbon with water
Frequently the hydrocarbon was saturated with water.

Click on the Saturate with drop down. Select H20

|| ¥ Description| &% Design [E Repant | File Viewer

Companent Wormabred Recomcies 04
Inficws Subiotas 26.0062000.000 fmote ] Subboesk 265431108008 (mode %)

Pasudocomponents Subtotat T1I600100.008 (ke )

.E_

Figure 16-16 Saturate with H20

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

Click on the Calculate button.

Mix Calculation: Overview

The Mixer calculation determines if two waters (brines) can be mixed. Frequently the mixing of two waters will cause
precipitates to form which were not present in original brines. This can lead to the plugging of a formation when an

injection water is mixed with the natural fluids in the formation.

Mix Calculation: Set Up
"4
&

Add Mixing
Water

From the Actions Panel, click on the Add Mixing Water logo. After double clicking
the logo, you will the object in the Navigation Panel.

S
& Description |&¥ Design | '} Ploti & Report ." File Viewer

MName:  Moang Water-1] Date: | 6/21/2016 | =

Drescription

Figure 16-17 Input name for Mixing Water object
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Click on the design tab to enter more information.

Selecting objects for the calculation

[ b

| & Description| &¥ Design iR Piot | [ Repont | o File Viewer

\.
Condtions / Inlets
HEE

Temparatirs ('C)
Presaure (bar

" Salid.

Detal info of Selected Inlet Name

’| | Brine Ratio:

L] Component

Value [maolhr)

1.66600 L1
© 800000 0 200000
10.600000,0 400000
10.400000/0 £00000
19.200000,0 500000
o0 106000

Figure 16-28 Setting up the mix calculation

Select your brines, gases and oils as shown in the next figure. Enter the indicated
brine flow rate of 1000 bbl/day, gas flow of 230 stdMft3/day and oil flow of 7
bbl/day.

There are two ways to change the units.

Method 1: To change units on brine, oil and gas, click on the hyperlinked ( bluge)
units inside of the bracket next to Inlets First Brine, Second Brine etc. This is under
the column heading Type.

\v; Descri;_nion: (¥ Design ﬂ Plotl Fleporl[ﬂ File Viewer

: Name
First Brinl @ WTXWTR
Second Brine (D0Vday) SSC_Brine

| Light-HC
0i (bbday) olL-1
<select>

Gas (std E3m3/day)

Figure 16-19 Changing units

This should pop the following window up. Click on Inlets tab and change the units.
Inlets tab looks like below. Changing units on Brine:

A Guide to Using OLI Analyzer

258




Edit Units - Mixing Water-1 [
Batch System (@ Flowing System
C [ F I C ; l‘InleIs )
] Variable Units
i Guaity
| Ol Quantity | bb¥day
| Gas Quantity | std Mfiicay
|| Whole Fluid Quantity | m3day
(o J[ comel J[ b ]

Figure 16-20 Units manager layering

Method 2: This can also be done in one other way, that is through the units manager
[

button on the toolbar. which looks like .

AafValSolz) re + % (2 | M (G

¥ Lo M |
| o i)eauimn_[ ] Deslgn“ Plnt] =] Report [Q File \I’Imrf

b Type . Name . Flow I
E First Brine (bbdday) WTXWTR 1000.00

! [Secend Brne (wbiday) ] s5¢_Brne | |
Gas (std MitVday) Light-HC 230.000
| Ot (obwday) low1 | 7.00000

<spiect>

Conditions

%

Figure 16-21 Units Manager accessibility

When you click on units manager, following windows pops up.

( Units Manager - Mixing Water-1 |7§2 )
Units Manager
: I
q
o) o) [~

Figure 16-22 Units Manager first layer

Click on Customize. Change the individual parameters as shown below.
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- - -
Edit Units - Mixing Water-1 P 0=
Bat em (@ Flowing System
Infets
Basis Units
Inflow variables
| Stream Amount [ Volume [ maiday
inflows Concentration mgiL
| Output variables
| Aquecus Composition Concentration mg/L
i Vapor Composition Maole Fraction | mole %
Sold Composition® Concentration mg/L
| 2nd Liquid Composition | Mole Fraction | mole %
[ Total Composition | Concentration | mg/L
| Basis choice
i Moles | | kgmeliday
Mass kgiday
| Volume | | m3iday
| Concentration | mg/L
i Iolar Concentration - melL
Iass Fraction mass %
| Mole Fraction | | mole %
* For sobd phase, concentrations are calculated in aqueous volume basis.
|| Use these units for all new objects created in this document
[ ox J[ cance |[ Hep |
~ 4

Figure 16-23 Changing units for parameters

Type
First Brine (bblday)

[Second Brine (cbvday)

Gas (std Mfti/day)
Oil (bb¥day)
<select>

Conditions

Entering Conditions

Name Flow
| wrxwtR m\
SSC_Brine
Light-HC 230.000
[oL-1 7.00000

Figure 16-24 Mixer with inflows entered (Inlets Tab)

In this example we will mix two brines, created in other sections at a total brine flow
rate of 1000 barrels per day. In addition, we will add a gas and a hydrocarbon to the
calculation.

In this example, we are mixing the brines at 100 F and 200 PSIA. The first brine
specified (brinel in the example) is the one we compare to when evaluating the
ratios. In this case we start out with all brinel and none of the brine WTXWTR and
end up with none of brinel and all of WTXWTR.
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<& Description [&¥ Design |g Plot | (@ Report | I File Viewer|

n Select T

2 i

=

T Ratio -
Total flow: 1000.00 bbl/day
Steps: 5 Auto Step

[ Conditions’]

/ Solid

Selecting Precipitates

e
& Description| & Design |l Plot | (@ Report| o Fille Viewer|

Enter Values
H| WTXWTR | 55C_Brine |
1.00000 0.0
0.800000 | 0.200000 |
0.600000 | 0.400000 |
0.400000 | 0.600000 |
0.200000 | 0.800000 |
0.0 1.00000 |

Figure 16-25 the mixing conditions (Conditions tab)

Solids Selection
=[] standard

[ Bas04 (Barite)

(4] cacos3 (Calte)

[ caso4 (Anhydite)

[ ca504.2420 (Gypsum)

3
=
L8

Y
g
;-
=3
o

] Fes (Pyrrhotite)

)

[ 5504 (Celestine)
xpanded

e
w5 a

Solids that are allowed to precipitate.

Figure 16-27 Selecting a few solids. ( Solids tab)

For this calculation we are only selecting a few of the possible solids. Mark a check

box next to desired solids ( BaSO4, CaCO3, CaS04.2H20, NaCl).

Click on the Calculate button.

View the report. Click on the Plot tab and view Plot
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Figure 16-28 Default plot

T
20
.-
N —e—Fe5 (Pyrrhotte) il gy
4 Ba504 (Barte) o
. B @ CaS04 2420 (Gypssm) M
i & Ca504 (Anhydrte)
5 M < /
= r
2
=
- 12
£
E
g0 . \
o
el
E " -
a8 §r -
/ x
F
'
.f.
2t /
= 3 L © -
(|} SrE— - —— ' . v e e —— e - T
0. 9 ¢ O 4 0 0 0 O & 0 o @ @, 0, 4 O e,
P TPV EDEVOPTRLTDLDE LD

To study the effects better go to the variables button and eliminate other solids precipitated by
the << arrow. Keep only one solid (in this case BaSO4). The ratio is relative to the first brine
specified. This means at a ratio of 0.0 (all the first brine and none of the second) we have no
BaSO4 scaling. As we add the second brine, the amount of BaSO4 increases. These waters are

perhaps incompatible.

i

&/ Description | &¥ Design | Bll Plot | (i3 Report ’J File Viewer

| @l

N (5] ! ViewDala ||  Curves

| Options

5 T

T T T T T T T T

. L
i » —#—Ba504 Pre-scaing tendency

TET T
*

BaS04 Pre-scaling tendency
e
o
.

'

TP T TR TP B B P |

Figure 16-29 Mixing results

L L L L ' 1 1 1 L L L 1
e 0o o 0 0 0 0,0 0 6 0 0 7
%75 % %0 %0 6. % "% %% %0, % "0

SSC_Brine [Aqueous] Ratio

7
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’ b
Select Data To Plot Liﬁ

Curves

+- Thermodynamic Properties - K Fods
#- Scaling Tendencies > | |WTXWTR Ratio

Dominant Pre-scaling Tendencies [ Y1 Aods [
CaC03 (Caletal> - , | BaS04 (Barite) Pre-scaling tendency
CaS04 (Anhydrite) >
CaS04.2H20 (Gypsum)
FeCO3 (Siderite) O
FeS
Fe$S (Pymhotite)
Na2504 )
NaCl (Haite) Y2 fods |
SrSO4 (Celestine) I -
+- Aqueous |a=2a)
+- Vapor
4 Second Liquid -

‘4 m r

Solids Z Aods
[ Standard hd - Select -

| Hide zero species
Plot data which is only within temperature range.

ok J [ comea ][ woov [t ]

= A

Figure 16-30 Editing the plot via variables button

You could choose to select any of the other solids that could be precipitated from the
above pre-scaling tendencies. The red marked << arrow removes the existing
component from Y1-axis and >> arrow adds components to axis. Simply double
clicking the component/parameter name under axis works for removing it from the
list to display on plot too.

Saturate Calculations: Overview

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

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

Saturate Calculations: Set Up

Add
Saturator

Select Add Saturator from the Actions Panel. Rename the object in the descriptions
tab.

E
|
¢ Deseription | 3§ Design | [ Aepon | o File Viewes

M Sapsert] D |E/21006 [=

Dsesghen

I
Figure 16-31 Description tab

A Guide to Using OLI Analyzer

263




The default location will be the Component tab.

We will select objects that we have already defined.

E
& Description ¥ Design | Repont |.l File Viewer|

Type Hame Flow

Brine (bbliday) SSC_Brine [Aquecus] 1000.00
Gas (std MAZ/day) Light-HC [Agueous] | 230.000
<select>
o Conditions Value
Temperature ('C) | 25.0000 ‘
Pressure (aim) I 1.00000

Detal Info of Selected Inlet Name
_1 Component Value

Figure 16-32 Selecting saturating components

For the Gas and Brine flow and Conditions units for temperature and pressure, we
have to make sure to have bbl/day, Mft3/day and F, PSIA respectively. Set these
units as custom units for all new objects in Units manager.

Units Manager - Stream [® = |
'I.Jntsl'danager |
[Metric v [patch v| [moes | [»]
Customize... |
(o ][ cancel ][ app | hep |

Figure 16-33 Customize the unit sets

We have to select solids inflow to vary for Saturatorl. Under the solids tab select the solids
allowed to be formed. Under the table select inflows to vary, choose the solid to vary from the

dropdown list.
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E

\3) Description | &¥ Design (& Report ]_;] File Viewer|

Solid Selection (check solids allowed to form)

=)-[v] Standard
[¥] Baso4
[¥] caco3
Cas04
CaS04,2H20
[¥] Feco3
[v] Fes
Nacl
5S04
i Expanded
¥ Al

=
@

Select Inflows To Vary

Solid Infiow
BaS04 BasS04
<Select Solid>

Figure 16-34 Selecting solids to vary

To study the saturator brine at various locations we need to add a Scaling Scenario from the
saturator.

4 OllAnalyzer - [StudicScaleChem.oad®] e R

B File Edit Stresms Calculations Chemistry Tools View Window Help

DEHE| @@ 2% [Mfalsefz res wmiE: ABLEF~SE

MNavigator P %
StudioScaleChem oad® | :
o I WIXWTR = || Description| & Design gl Plot | [ Report | i File Viewer|
-6 Light-HC A
=i SatQILL Type Hame Flow
5 | Calcylste @
& SinglePoint1 e =
4 £ Boiling = [rr——
. & OlL1-1 \-\ 3
& SinglePoint-1 g‘ Unt Set 55C
- 4 Boiling e s
i % MiingWater-1 E Automatc Chemstry Modal
1= Aguecus (H+ on) Databanis
P Saluul.ﬂ!l | o Public
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Add Scale  Add Scale  Add Moang Add Facilities
Scenario Contour Water

Figure 16-35 Adding a scaling Scenario

We have to make sure when we add brine under the inlets tab, under Type column,
that we are selecting brine from Saturatorl and not SSC brine or WTXWTR brine.
Flow will be automatically controlled. Locations can be input under the conditions

tab.
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=

BE Location | T Ch | P (psia) | Drop Solids
Surface 77.0000 14.6960 O
Choke 101.000 71.7600 ]
Midwel 126.200 128.820 O
E Welhead 150.800 185.880 O
= Downhole 175.400 242940 O
= ] £ l |
£ Stock tank 200.000 300.000 O
o <Enter Location Name>
=)
& Autostep Sort Zoom
== ) @l B
Surface Choke Midwell Wellhesd =
T77.0 Pl T:101.0 T:1282 - T:1E0E
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Figure 16-36 Conditions set up

We will start at 77 °F and 14.696 PSIA and end at 200 °F and 300 PSIA. We will use
5 steps.

This case differs from the other calculations in that we will force a scale to appear just at its
solubility limit. The scaling tendency is forced to be equal to 1.0 exactly. See report tab on the
Saturator 1where Pre and Post Scaling Tendency table shows more details.

Pre and Post Scaling
Scale Mineral Max Scale Pre-scaling Pre.index Post-scaling Postindex
NaC2H302].3H20 00 81354884 -308362 81172264 -3,08059
MgC03.3H20

00 28735364 -354158 2079364 -3.68207
CasS042H20

00 0930189 -0.0314286 0926655 -0.0230819
CaC03 (Aragorite) 00 0.585274 0231900 0.419877 0376878
Feco3 00 0.159419 0797461 0114829 -0.939950
MNaHCO3 (Mahcolite) 00 5.00092e-3 -2.300985 427561e-3 -2 36900
S1S04 (Gelastins) —a2m427 0691592 0.203605 -0.691209

3S04 (Barite) 5291098 1.00000 _-j’ 35007 4e-11 1.00000 0.0

i X —Trowmees 214305 7.205886-3 214231
MgS04.TH20

00 84749664 307185 8531336-4 -3.06898
Cas04 (Anhydrite) 00 0.733302 -0.134717 0.730447 -0.135411
CaC03 (Calcile) 128495 139630 0.144977 1.00000 0.0
MNa2504 (Thenardite) 00 1.12143e-3 -295023 1.12280e-3 -2.94970
M3CO3 0.0 30333064 351809 21946664 365853
NaCl (Halits) 0.0 0.0121050 191704 0.0121087 191690
KCI (Syhvite) 00 6.70480e-4 -3.17361 B8.70604e-4 -3.17353

Figure 16-37 Pre and post Scaling tendencies at location one-surface

We want to force the BaSO4 (barite) solid to appear. It is generally a good idea to
select a maximum of one or two solids. As we can see above, BaSO4 has a scaling
tendency of exactly one.
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After the calculation is complete, the plot for scale scenario shows that other solids are
appearing. In this case both Anhydrite and calcite and disordered dolomite are appearing.
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Figure 16-38 The plotted results

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

Studio ScaleChem has the ability to link together several individual calculations to
create a flow sheet facility. An example of a facility calculation is shown in the

figure below.
Water Supply
3,000 bwpd =
Field 1 77F, 30 psia
11,000 bwpd =~ =——
100 F, 100 psia 5,000 bbl
> Ssk?ncqu'ggL » Suction ——b
Field 2 Tank
26.000 lz)Wpd_ - Skim Tank Discharge
125F, 125 psia 110 F, 100 psia 90 F, 30 psia

It is a simple process in
which two field brines mix in a skim tank. The discharge from this tank then mixes with a water
supply in a discharge tank. Below are the compositions and conditions of the inlet fluids

Name Fieldl . Field2 . Water Supply
Na+ 38209 27078 3074
Ca+2 6600 4480 910
Mg+2 1531 1191 249
Fe+2 120 6.6 0.77
Cl-1 73150 51134 4474
S0O4-2 2453 1840 2960
HS-1 244 146.2 0
HCO3- 421 677 439
Conditions

Temperature 100F 125F T7F
Pressure 100 PSI 125PSI 30 PSI
Alkalinity (As HCO3 mg/L) 421 677 439
Titration pH 4.5 4.5 45
Sample pH 6.97 7.53 7.98

Create the above brines

You start this example by first creating the above three brines:. Use the Add Brine
Analysis object as you have done before to create them. Reconcile these three brines
for measured pH and alkalinity. Make sure that the Allow solids to form box is
uncheck at the bottom of the reconciliation options for all the brines.

Facility Calculation: Set Up
W

Add Facilities

The facilities calculation is based upon transferring information between calculations
through nodes. These nodes can be thought of as pseudo brines and gases.. These
pseudo brines are not stored as individual brine rather they are used internally in the
calculation. The concentration and flow rates for these nodes can be viewed in the
output.

Select Add Facilities from the Action Panel.
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& Description &¥ Design | fl Piot| @ Report | 3 File Viewer
Mame: Facities1| Date: | 672172006 |
Desciption

e

Figure 16-39 The Description tab for the Facilities

Under design tab, within Inflow Specs, we can add Nodes via Node input options.

There will be one default node added. Click on the node name and type "Skim
Tank" That populates the name field below Node Input section.

At the start the panel contains Node #1. It has default conditions and no inlet
streams. This node will be the Skim Tank.

&/ Description| &¥ Design | il Plot| (& Report | 2J File Viewer|

=

=
Inflow Specs

Solid

Hode Input
. Drop Sokds

Calculste @
L | Calcuiate Akcalinity

Summasy

Unkt Set: Scale Metric

Automatic Chemestry Model
AQ (H+ ion) Databanks

Custom K-f2 P-span

Some node(s) do not have inlet
Node
b Skim Tank: No ikt

:Cu'rtnl Node: Skim Tank aQ |‘i ral *l | selected solids:
| Add | | Delete | e Sy MNo Sobid Selected
= — Conditions. Value Calculation not done
Temperature ('C) 15.0
Pressure (bar) 1.01328
|:] Type Hame Flow
<salect

Figure 16-40 Node input Screen

Enter the name, description, conditions, and streams for the Skim Tank shown above. When
complete, your screen should look like this.
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E

Figure 16-41 Node 1 is complete

The temperature and pressure of the calculation is 110 F and 100 PSI. A default node
name is supplied and it is sufficient for our use. The output of this calculation will go
to the next node. Make sure to select drop solids checkbox at the Skim Tank node.

Next, enter the information for the second node, Suction Tank. We will select the
output brine of the Skim tank, which is a brine from node The temperature and
pressure as well as the flow of the brine are calculated.

When a brine is calculated in a facilities calculation, we have the option of allowing

any produced solids to be considered (that is they traveled along with the brine) or to
eliminate them as they precipitate out. We will eliminate the solids in this case. The

orange downward arrow from Skim Tank indicate dropped solids.

We are also adding the Water Supply to this tank.
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| Description| &¥ Design ||l Plot| (3 Report| L2 File Viewer|

i »

Tank

/ Solid / Inflow Specs |

< m ] *

Node Input
Current Node: Suction Tank [CoropSoids  Zoom ¢

(6] (o]
(5]

) - Conditions Value |
| | Temperature ('F) 1100
Pressure (psia) 100.0
i Type [ Name ar Flow |
Brine from (bbVday) Skim Tank Calculated
| | Brine (bb¥day) Water Supply 3000.00

[ <select>

Figure 16-42 Node 2 is entered

The program assigns a default node name of Node2 which is sufficient for our use.
We have added the description "*Suction Tank"".

Click on the Calculate button. Or press Ctrl+F9.

i
| Deserpton| 2 Desig 8 Pit] 8 Revort | i views

Junp o [PreScaing Tendencies 7] @ [3)[a][ cutonms ][ e |

Pre-Scaling Tendencies
Colornn Fiter Agpled- Values » 1 De-d E
Tempeeature Fiter Apphed: Astive TRasge Only.
Caco3 Ca504.2H20 Cas04 Fe(OH)2
Nodes CaCo3 (Calcite) FeCO3 (Siderite)
(Gypsum)
Temp Range *C Valid 0.0 - 300.0 0.0-126.0 0.0 - 455.0 0.0 - 250.0 Valid
Skim Tank 5.25693 8.99714 1.24312 1.39963 0.165836 34082484
Suction Tank 5.99512 10.2606| 1.22561 1.34274] 0.285723 5.27108e-4
MgC03.3H20 MgCO3 Mg(OH)2 Mg S04.7H20
Nodes Fes (Pyrrhotite) Fes o o {Brucite) E
Temp Range *C Valid Valid Valid Valid Valid 0.0 - 49.99
Skim Tank 41921.6 906.041 4.49530e-3 9.23960e-3| 1.06606e-3 1.11456¢-3|
Suction Tank 472774 1021.79] 4.94048e-3 9.82326e-3 9.91235¢-4 1.08269e-3|

Figure 16-43 the reports tab
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Figure 16-4 Results for nodes

Scaling Tendencies
Column Fiter Appledt Valoes » 1.0e-4

Temparaturs Fiter Appied: Actove TRange Ondy

CaCO3 CaS04.2H20 Caso4 Fe{OH)Z
Boes (Aragonitg) | CACOT(CAICHE) | Gpcum) | (annyarite) [FOCO3 (SKOTHE)| inmaninite) [
Temp Range °C Valid 0.0-300.0 0.0-126.0 0.0-455.0 0.0-250.0 Valid 3
Skim Tank 525660 B.99658 1.24242] 1.39885| 0.165818| 34975004
Suction Tank 509486 | 10.2598 1.22492| 1.34898] 0.285708| 5 2T036e-4]
Nodes Fes (Pyrrhotite) fos Mpcosshao Mpco? tmulnl ot "z, Masas7He0
Temp Range *C Valid Valid Valid Valid Valid 0.0 - 49.99
Skim Tank 419134 805864 4.49530e-3| 8.23960e-3| 1.06604e-3] 1.11410e-3]
Suction Tank 47270.7 1021.65) 4.94048e-3 9.82326e-3 9.91217e-4 1.08223e-3|
[ e [ Na2s04 [ e | NaHCO3 | -
Figure 16-45 Scaling tendencies
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