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Summary

The purpose of this document is to directly compare ScaleChem Standard to Studio ScaleChem via a
series of case studies. Comparisons are specific to the output of the calculations: do the calculations
match each other identically? If not, where are the differences? In some cases the document explains
why there are differences.

This document is part of our effort to make the transition from ScaleChem Standard to Studio
ScaleChem as easy as possible, anticipating where there may be changes in results between the two
programs. In this way, our clients can continue to work with either ScaleChem until they eventually
transition to Studio ScaleChem. This document serves as evidence to whether the transition regarding a
type of case is seamless (no differences between the two software), and if not, then what calculation
differences are observed.

Method

Thirty client/AQSim files were opened and tested. Of these, the first twenty-two cases are reported,
ranging from very simple (brine only) to many calculation objects. Some of the cases are presented in
this report and the accompanying Excel file. Others were excluded because they provided no new
knowledge relative to the previously compared cases (i.e., cases with duplicate comparisons were
ignored). The cases tested are archived at the following AQSim FTP location:
www.agsim.com/Downloads/ScaleChemComparisons.zip

Finally, the data presented is complete for some files but not others, again based on the decision that
duplication of observations would not provide new information.

This report does not provide conclusions or recommendations. Rather it is a blind study of previously
saved files that were opened in both software and tested. This work began in February 2012 using the
alpha-release of Studio ScaleChem. It was redone in September 2012 using the V9.0.1 release. During
this time, differences observed were submitted to OLI for evaluation. In some cases changes were made
to the new software. In other cases, the developers confirmed that the new software provide a more
accurate representation of the fluid properties. Thus, this comparison work was also a beta testing tool
for the new product.

We plan to produce a second comparison document, given the differences between the two software
products that are presented in this document. In this planned document, the remaining files will be
presented along with the files in this document that contained discrepancies.

Cases not shown
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http://www.aqsim.com/Downloads/ScaleChemComparisons.zip

The files selected were random and assigned case numbers. Several cases, when evaluated resulted in
similar/same results as previous cases. Therefore they are not reported here. These files are available in
the download link provided above. The cases are: 5, 10, 11, and 21.

Differences observed

The following differences were observed during the study. Please be aware of them as you plan to
transfer your existing ScaleChem Standard files (SC) to Studio ScaleChem (SSC)

1) Saturation
There are some cases where the precipitates selected in SC do not appear in SSC.

2) Facilities (Case #20 and #22)
Solids are separated in the First Node in SSC, even though they were not selected as such in SC

3) Facilities (Case #20 and #22)
There are some cases where the precipitates selected in SCStd does not appear in SSC

4) Brine Analysis (Case #22)
The Na/Cl charge balance is not in StudioSC. Analyses that used this option were converted to
Makeup ion in StudioSC. Be careful! This creates some calculation problems.

5) Brine Analysis (Case#9, #13, and #20).
The computed alkalinity differ between 0 and 10%

6) Brine Analysis (Case #6).
The computed amount of CO2 added to the brine in a CO2 fraction calculation differs. This is
because of the way that the new software handles the headspace. This difference is an
improvement.

7) Oil Analysis (Case #20)
The H20 saturation was set to none in SSC.

8) Plot
None of the plot variables selected in SC are transferred to SSC.

9) Saturation/Scaling Results (Case #22)
There is a significant difference in the water:oil ratio computed in SSC vs. SC

10) CaCO3 Predictions (Case #9, Object “B_ST2”)
There are differences up to 20% in the computed scale tendencies between SSC and SC

11) Object Convergence (Case #9, object “B_ST1”)
There are some calculation objects that do not converge in SSC
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Case #1 -Neutrals SC

Summary
This file contains a single Brine Analysis object. The object contains 1N HCl as a Neutrals inflow. There are no cations or anions in the analysis.

The purpose of this case is to see whether the new software will accept molecular flows in the brine analysis. This is no longer a requirement of
the ScaleChem software, since molecular flows can now be added into streams, and streams can be used in the ScaleChem objects. In summary,

this calculation does not work in Studio ScaleChem.

& ScaleChem - [Case 201 - Neutrals SC.sca] ¢y OLlAnalyzer - [Case #01 - Neutrals 5C.oad]

I& EllE WEUS Enal}rses Ealculations IDC EI ElIE Edlt étreams Cglculatiﬂns ;hemlstr}" IC

n|ea| &) 2| 4] D & ? N (Rl

: Mavigator L o~ x
EE-.@ ScaleChem Objects Brine £ Case #01 - Neutrals SC.oad | kel
bl m & Streams | Descriptiun| &

Brine1 :

Type of -l m
L. e Recondiliat

Origin: E -

ClAnalyzer l P |

Mo makeup ion available!

I.\'

"

There is a warning in Studio ScaleChem that No makeup ion is available. This is because the water analysis contains neutral inflows only.



ScaleChem Std Screen - Brine Analysis
Settings — Non-Zero, Na/Cl balance, Equilibrium

Analysis View Species Display Species List

’7 @ Orignal " Balanced ¢ Reconciled ‘ ’7 @ Fomula " Name ’7 " Standard ¢ Expanded % Non Zero

Cations mg/L | Anions | mg/L | Neutrals | mag/L |
HCl, ag 36453.000
Variable Units Measured | Calculated | e Elen Tre

Ambient Temperature F 77.000 77000 | Equiibrium Caloulation =l

Ambient Pressure psia 14696 14696 [ Update Brine with results

pH pH units 0,000 0.076

Alkalinity as HCO3-, mg/L 0.000 -

Density alcc 1000 1015 Units |

Total Dissolved Solids mg/L 0.000 0.000 Balance |

Electrical Conductivity 1/ohm-cm 0.000 0.334

Calculate |
View Files |

Studio ScaleChem Screen - Brine Analysis
Settings - Makeup lon, Equilibrium

I

Description| [&¥ Design IE Hepurl‘

Variable | Value |Balanced

Entry Options

Cations (mg/L)

Anions (mg/L)

Units [mgL -

Display | Formula —

Neutrals (mag/L)

HCI | 34530

Reconcile

[~ show Non-zera Only
show Balanced Column

Template Manager
Last Applied: None

Balance Options

Type  |Makeup Ion -

Summary

Cations and Anions are required

Variable ScaleChem Std Studio ScaleChem % Difference
pH 0.076 0.0756

Alk 0

Balance ion 0

Balance Value | 0

Density 1.01481 1.01481

Saturated -

ol

&/ Description Design @ Repnﬂ|

Data Entry

Recondliation Options

Recondliation Type @)

02 Fraction in Gas
() pH Alkalinity Reconcile

[ Allow solids to form

Calculste @

Properties Measured Calculated
Temperature (*F) 77.0000
Pressure (psia) 14,6960
pH - Aguecus 0.0
Alkalinity, Measured - Agqueous (mg HCO3/L) 0.0
Density - Aguecus (g/cm3) 1.00000
Elec Cond, specific - Agueous (mho/m) 0.0
Total Dissolved Solids (mgiL) 0.0

Composition Adjustments

Charge Balance Unknown

Summary

Cations and Anions are reguired.

Notes — No makeup ion warning, Brine Analysis does not handle
Molecular flows. Streams now do this. Calculations not possible.



Case #2 - CJ-R

Summary

This case contains a water and gas analysis. Both are standard-type entries (nothing unique about the chemistry or conditions). The calculation
results were the same except for Alkalinity, which varied by 5%. There was a difference in how the gas was handled. The Expanded gas
template was on, and the water saturation calculation was active for the StudioScaleChem Gas.

Mavigator [

Case #02 - C-JR* | &
= - — % D
& ScaleChem - [Case #02 - C-JR.scal o Streams |J Description
. . EIE Brine
& File Wells Analyses Calculations P E Reconcile r
= D w (il | Compone
D= J ALY Mﬂ EQES_ ePoint _E Water
=g ScaleChem Objects - 4 SinglePoin L= Carbon dioxide
' Brine Methane
5 Gas .




ScaleChem Std Screen - Brine Analysis

Settings - Non-zero List, Na/Cl balance, Equilibrium

Description  Species | Summary I

Analysis View Species Display Species List
’7 @ QOnginal ¢ Balanced ¢ Feconciled ‘ ’7 @ Formula " Name ’7 " Standard ¢ Expanded ¢ Non Zero
Cations | mag/L | Anions | mag/L | Neutrals | mag/L |
MNa+1 65280000 |CI-1 114503.000
K+1 330,900 |504-2 24,000
Ca+2 5435000 |HCO3-1 263,000
Mg+2 914600 |Br-1 571.000
Sr+2 299,200
Ba+2 133.800
Fe+2 26.400
Zn+2 37.700
Variable Units Measured | Calculated | FEEE BT
Ambient Temperature °F 77.000 77.000 IEquiIibrium Caleulation LI
Ambient Pressure psia 14696 14696 [~ Update Brine with results
pH pH units 7.160 6.944
Alkalinity as HCO3-, mg/L 263.000 225,294 -
Density glcc 1.000 1123 _ Unts |
Total Dissclved Solids mg/L 187818.600  187818.600
Electrical Conductivity 1/ohm-cm 0.000 0.199 e
Variable ScaleChem Std Studio ScaleChem % Difference
pH 6.944 6.944
Alk 2253 214.9 ~4.8%
Balance ion Na/Cl Na/Cl
Balance Value | 835.6 835.6
Density 1.123 1.124
Saturated CaCO03, BaS0O4, CaCO03, BaS0O4,

FeCO3

FeCO3

Studio ScaleChem Screen - Brine Analysis

Settings - Expanded List, Makeup ion (Na+), Equilibrium

</ Description (¥ Design E Hepurl‘
Summary
= Variable | value | Balance | Entry options
E Cations (mg/L) Urits  [mafL - Unit Set
= v Na+1 65280.0 | 661156 Based on: Concentration
g | et 0800 | 330000 | DDy
o
™ Ca+2 5435.00 | 5435.00 & Automatic Chemistry Model
Show Non—zero Orly ra e o) O .
g2 §14.600 | 914.600 . "';fgl:f (F+ ion) Databanks:
Show Balanced Column
@ I~ Sr2 299.200 | 299.200 Mo Solid phase(s)
E ™ Ba+2 133.800 | 133.200
3 I Fe+2 26.4000 | 26.4000 | Template Manager
ﬂ:" ™ Zn+2 37.7000 | 377000 Last Applied: Mone Stream amount:
1.00000 L
Anions (mgiL) User (.Znn.ice Charge Balance
i 1.14503 [ 1.14503 ave 2s... Cation:  Na+1
I so042 24.0000 |2 DO Cation Charge:  3.20532 eg/L
™ HCO3-1 263.000 | 263.000 | Balance Options Anion Charge: -3.24167 sail
I B{OH)M-1 0o 00| Type [Makeuplon - imbalance: -0.0363482 eg/L
™ HS1 0.0 0.0
™ c2H302-1 0.0 0.0 835.843 mg/L of Na+1
T Br1 571.000 | 571.000 is needed fo balance.
Isothermal Calculation
et ey L Calculation not done
coz2 0.0
H2S 0.0
S0z 0.0 25.0000°C
B{OH)3 0.0 1.00000atm
Description &¥ Design & Report
Summary

Reconcile T Data Entry

Recondliation Options
Recondliation Type (@) Equilibrium Calculation

COZ2 Fraction in Gas Caeulate @ |

pH Alkalinity Recondle

[ Allow solids to form
Properties Measured Calculated
Temperature (*F) T77.0000
Pressure (psia) 14.6960
pH - Agueous 716000 £.94474
Alkalinity, Measured - Aqueous (mg HCO3/L) 263.000 214 856
Density - Agueous (gicm3) 1.00000 1.12382
Elec Cond, specific - Agueous (mho/m) 0.0 19.9398
Total Dissolved Solids (mgiL) 0.0 1.88654e5
Compaosition Adjustments

Add Charge Balance (mg/L Na+1) B835.643

Stream amount:

1.00000 L

User Choice Charge Balance
Cation:  Na+1
Cation Charge: 3.20532 eq/L
Anion Charge:  -3.24167 eg/L
Imbalance: -0.0363482 eg/L

835643 mgil of Na+1
iz needed to balance.

Isothermal Calculation

Phase Amounts
Aquesus 112382 g
Vapor 00g
Solid 00g
2nd Liquid 00g

Agqueous Phase Properties
pH 6.94474
lenic Strength  0.0586584 mol/mol
Density 1.12382 g/cm3




ScaleChem Std Screen - Gas Analysis

Studio ScaleChem Screen - Gas Analysis
Settings - Standard Gas, Methane balance, H20 Saturation inactive

Settings - Expanded Gas, Methane balance, H20 saturation active

Description Composition | Diew Poirt I Summar'_.rl &
— D —_ & Description Design |[£¥ Definition Report
Gas | Mole / Vol % | ?ﬁsplay J P (2 |68 Report
by Formula -
WEter | 0.000 | o E Component Value Hormalized Entry Options
Mitrogen 0.000 * by Name 2 | [rzo 0.0 00| Units  |mole %
A = ™ h2 0.0 0.0 '
Carbon dID}(Id':E 0.680 ooz T 530000 ogaoorg| | DPlav  |Formula
Hydrogen sulfide 0,000 \ I Has 0.0 0.0 []Show Non-zero Only
fethane 99,320 —(Gases Display = —|l|—7 crs 99.3200 §9.3200 Show Mormalized Column
F Show standand gas list 5 Template Manager

" Show expanded gas list Last Applied: None

Total Percent 100.00 Mormalize Options

Type Makeup

™ Show non-zero gases

%" Calculate methane percent Methane percent is calculated as =
i (100.0 - CO2 - H25 - H2O) . —
" Momalize to 100% Description Design Definition I Bl Repon|
3as Analysis Data - Gas = Component Normalize | Reconciled Calculate @ |
kS H20 0.0 3.23935 condit
Description I Composition Dew Poirt |5ummary| = N2 0.0 0.0 eneren .
coz 0.630000 0657972 | Saturate With H20
Type of Calculation ———  — Result % H25 0.0 Lk Conditions Value
ol S ohweted oo content . E Ch4 99.3200 96.1027 Temperature (°F) 77.00
T.°F IW'D é Presszure (psia) 14.69
r\- .
Dew point temperature P. psia 14698
{™ Dew point pressure
[ show Mon-zero Only
Water vapor, |3 15347
wal %
The water vapor cortert can
be changed for the calculation. ~ Result Saturated H20 Amount:
it will not affect the stored gas 3.15345 molt
compositions. % water vapor: 3.153




Case #3 - AH-E

Summary
This file contains a single Brine analysis with a complex composition, and using the pH/Alkalinity reconciliation. StudioScaleChem computes the

results with no problems. However, the ScaeChem Std software no longer computes this — an Unable to Reconcile result is obtained. The

ScaleChem std problem will be submitted to OLI.

¢ OllAnalyzer - [Case 203 - AH-E¥]

& ScaleChem - [Case 203 - AH-E.sca]
EIE”E Edit  5Streams Calculations Chemi

& Eile Wells Analyses Calculations Tools View W
Djwla] & 2he| 4] wlole] | D& ? % (&
E--E@ ScaleChem Objects Brine Analysis Dati Mavigatar L o+ x H
T . Case #03 - AH-E* |
Type of Water "; Streams
- Tl XVZ
Original Brine Ana




ScaleChem Std Screen - Brine Analysis
Settings - Expanded List, Na/Cl Balance, pH&Alkalinity

Erine Analysis Data - XYZ

" Description  Species |Summary|

Analysis View Species Display Species List
(G’ COriginal ¢~ Balanced ¢ Reconciled ‘ ’7(:' Formula " Name ’7

" Standard  Expanded ¢ Non Zem

Cations | mag/L |: Anions | mag/L |: Neutrals | mag/L |:
Ma+1 43860.000 Cl-1 151299.000 CO2 ag 0.000
K+1 3196.000 || |S04-2 18.000 |=| |H25 ag 0.000 |
Ca+2 40380.000 HCO3-1 13,000 5i02, ag 31.000
Mg+2 3338.000 B(OH)4-1 0,000 BOH)3, ag 0.000
Sr+2 536.000 Hs-1 0.000 HCOOH, ag 0,000
Ba+2 53.000 OH-1 0.000 CH3COO0H, ag 0,000
Fe+2 223,000 CHO2-1 0.000 C4HEO2, ag 0.000
H+1 0.000 C2H302-1 20,000 C3HE02, ag 0,000
el nonnl T radsne- nonnl T I CHANH an nnnn T

Variable Units Measured | Calculated |: SRR e

Ambient Temperature F 77.000 77.000 |DH and Alkalinity =l
Ambient Pressure psia 14,696 14,696 ¥ Update Brine with resuts
pH pH units 4.500 4,500
Alkalinity as HCO3-, mg/L 13.000 13.009
Density glcc 1160 1170 e |
Total Dissolved Solids mg/L 242935.000  242936.000 Balance |
Electrical Conductivity 1/ohm-cm 0.000 0.210
Alkalinity endpoint pH units 4.300 ﬂl
HCl added ma/l -17.001 - View Fies |

The brine no longer reconciles in the ScaleChem software. The
screenshot above is from the original file, computed in an earlier
version of ScaleChem std.
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Studio ScaleChem Screen - Brine Analysis
Settings - Expanded List, Na/Cl Balance, pH&Alkalinity

Tl
Description | & Design |5 Report
Surnmary
> Variable | value | Balance | Entry Options Stream amount
E Cations (mgiL) Uniits mafL - 1.00000 L
- ™ Na+1 43860.0 | 43860.0 User Choice Charge Balance
= ™K+ 3196.00 | 319600 | Display |Formula - Anion:  CH1
a
:: cas2 403800 | 40380.0 | (7] show Nan-zero Orly Cation Charge:  4.30027 sg/L
Wg-2 333500 (sFan O Anion Charge: -4.26852 eg/L
o) [se2 536,000 | 536000 | [ Shon Balanced Columm Imbalancs: 00317502 eglL
B T Bas2 53.0000 | 53.0000
g I Fes2 223.000 | 223.000 | Template Manager 1125638 mg/L of CH1
e Last Applied: None is needed to balance.
Anions (mg/L]
I cosz 18.0000 | 18.0000 [ PR Calculation not done
™ HCo3-1 13.0000 | 13.0000
™ c2H302-1 20.0000 | 20.0000 | Balance Options Measured Akalinty: 13,0000 mg
Tiee o
Neutrals (mgiL) Titration End Pt 4.30000
sio2 31.0000 | Alkalinity Tirant: CO2
| Alkalinity pH Titrant: H2504
pH Reconciliation
Measured pH: 4.50000
pH Titrant: HCI
-
e Recondliation Options
[ =
ﬁ Recondiiation Type () Equilibrium Calculation
™ 02 Fraction in Gas
[a
(@) pH Alkalinity Reconcile
) [ allow solids to form
K]
=
o Properties Measured Calculated
= Temperature (*F) 77.0000
Pressure (psia) 14 6960
pH - Agueous 450000 450000
Alkalinity, Measured - Agueous (mg HCO3/L) 13.0000 12.9838
Alkalinity end point Alkalinity End Point pH 430000
Density - Aguecus (g/cm3) 1.16000 117082
Elec Cond, specific - Agueous (mho/m) 0.0 21.0098
Total Dissolved Solids {mg/L) 0.0 0.0
Composition Adjustments
Added acidity (mg/L HCL) -16.9341
Add carbonate (mg/L CO2) 85.1033
Add Charge Balance (mg/L CH1) 112564




Case #4 - LC-B

Summary
This file contains a single Brine Analysis and Saturation object. The brine analysis is basic, and the saturation calculation is being tested. Both

software produced identical results. The amount of BaSO4 added is not reported in the Studio ScaleChem Report. This has been submitted to
the developers. Also, the Alkalinity calculation at every point did not occur Studio ScaleChem. The developers have not implemented this
calculation. It has been submitted as a feature request. Lastly, the new way that Studio SC handles saturation is different, in that two selections
need to be made, one for the allowing solids to form and the other to select which of these allowed solids will be saturated, and with what. This

created additional flexibility, but is not initially obvious to the user.

() OlAnalyzer - [Case #

,&, il Eile Edit Streams Calculations Chemistry
ScaleChem - [Case #04 - LC-B.sca -
_ : I 0= ? W | [l
& Eile Wells Analyses Calculations -
Mavigator [ 4 E
0| | = 212 4| w Case #04 - LC-B* |
E--% ScaleChem Objects "; streams | Dtscriptiun|
. BaS04 EIE BaS0d .
.3 Saturate - X Reconcile N .
L. Saturate = Recondiliatio
L Recondiliatic

11



ScaleChem Std Screen - Brine Analysis
Settings - Non-zero List, Na/Cl Balance, Equilibrium

Brine Analysis Data - Ba504

" Description  Species |Summary|

Analysis View Species Display Species lisg————
’76’ Original ¢~ Balanced ¢ Reconciled ‘ IV(:' Formula ¢ Name ’7(‘ Standard (" Expanded * Non Z

Cations | ma/L | Anions | mg/L | Meutrals mag/
Ma+1 10000.000] |CI-1 15000.000
Ba+2 28000 [S04-2 28.000
Variable Units Measured Calculated | Reconciliation Type
Ambient Temperature “F 77.000 77000 | Eauilibrium Calculation =l
Ambient Pressure psia 14,696 14696 ™ Update Brine with resutts
pH pH units 0.000 5.993
Alkealinity as HCO3-, mg/L 0.000 2.505 -
Density glec 1.000 1015 = |
Total Dissolved Solids mg/L 25056000  25056.000 Balar
Electrical Conductivity 1/ohm-cm 0.000 0.041 Calcul
Variable ScaleChem Std Studio ScaleChem % Difference
pH 6.993 6.993
Alk 2.505 2.506
Balance ion cl cl
Balance Value | 414.9 414.9
Density 1.015 1.015
Saturated BasO4 BasO4
Notes

12

Studio ScaleChem Screen - Brine Analysis
Settings - Expanded List, Makeup ion (Cl-), Equilibrium

Description | [&¥ Design IE Hepnrt|

£ Variable | Value | Balance | Entry Options
E Cations (mg/L} Units  [mafL -
= ™ Na+1 10000.0 | 10000.0

% | [Fsae 250000 | Z50000 | Dy

Show Mon-zero Onk
Anions (mgiL) D 4

A Xl 15000.0 | 154149 Show Balanced Column

5 ™ 504-2 28.0000 | 230000

E Template Manager

’;E Neutrals (mgiL) Last Applied: None

Balance Options

Type  |Makeup Ion -

Summary

TOO000 T
User Choice Charge Balance
Anion:  CH1

Cation Charge:  0.435380 eg/L
Anion Charge: -0.423678 eq/L
Imbalance:  0.0117018 eg/L

414,863 mg/L of CH1
is needed to balance.

Isothermal Calculation

Phase Amounts
Aqueous 101480 g
Vapor 00 g
Solid 0.0g
2nd Liquid 0.0g

Agueous Phase Properties
~u

& Description Design I@ F!epurt|
Summary
e Recondiliation Options T.OUT0T T
= User Choice Charge Balance
w Reconciiation Type (@ Equilibrium Calculation Anion: CH
o
B . a2 Ffﬁ_cfl"" in GES_ Calculate & | Cation Charge: 0435380 eq/l
) pH Alkalinity Reconcle Anion Charge: -0.423678 egil
Imbalance:  0.0117018 eg/lL
® [] Allow solids to form
S 414.863 mg/L of CH1
s i eded to balance.
3 Properties Measured Calculated s ne .
L
= Temperature (*F) 77.0000 Isothermal Calculation
Pressure (psia) 14,6950 Phase Amounts
pH - Aqueous 00 6.99283 Aqueous 10148049
Alkalinity, Measured - Aqueous (mg HCO3/L) 0.0 2.50598 Vapor 00g
Density - Aqueous (g/cm3) 1.00000 1.01460 Solid 08¢
Elec Cond, specific - Aqueous (mhoim) 00 414387 2ndLiuid 0.09
Total Dissclved Solids (mg/L) _ ; 00 254709 a Phase Properties
Composition Adjustments pH £.99283
Add Charge Balance (mg/L Cl-1) 414.863 lonic Strength  7.80934e-3 mo
Density 1.01480 g/cm3
Notes —



ScaleChem Std Screen - Saturation
Settings —One Brine, One Condition, no Scales

Saturation Study - Saturate
Description  Componerts | Conditions | Saturation | Calculate | Resutts |

Input

Type | Mame | Amount Units
_ |Brine - | Ba504 j 1.000 bbl/day

Description] Components Conditions |Sat|.ua1ion | Calculate | Results |

Temperature °F Pressure psia Description
200000 [ 2000000 [Example ~| Units
Selected Condttions
2000000 Example

‘ 1 200.000

Saturation Study - Saturate

Description] Components ] Conditions ~ Saturation lCaIc:uIate ] Results ]

Awailable solids:

MNaCl (Halite)
BaS04 (Barte)

Chosen solids: Solid [Inflow to Vary]

Add ==

e No solids were selected in the ScaleChem Saturate

Studio ScaleChem Screen - Saturation
Settings - One Brine, One Condition, no Scales

e Alkalinity is turned off in the ScaleChem.

ES
[&¥ Design | Report [ L2 File Viewer
% Type Hame Flow M
E Brine (bbliday) Bas04 1.00000
=selects Summary
e
=
Description Design |@ Flepurtlg File Viewer
=
Select Inflows To Vary
| Solid Inflow
BasSo4 BasSD4
<Select Solid>

Scale Mineral Max Scale Pre-scaling Pre-index
Barium sulfate 0.0 4.80425 0.681625
Sodium chloride 0.0 2.23602e-3 -2.65053
Brine Totals
Cations Value {mg/L} Anions Value {mgiL}) Neut
Mal(+1) 9716.08 CI(-1) 14977.2
Ba(+2) 27.2050 504-2 27.2431

Variable ScaleChem Std Studio ScaleChem % Difference
pH 6.15 6.15

Alk 2.65

Solid BaSO4 BaSO4

pScaleTend 4.80 4.80

Added/Removed | 29.1 -—-

Brine Flow 1.03 1.03

e No Alkalinity calculation is available in StudioSC Saturate
e BaS04 does not automatically precipitate in StudioSC
Saturate unless it is checked



Case #6 - Analysis

Summary
This file contains a single Brine Analysis that uses the CO2 Fraction in gas calculation. Studio SC and Sc Std produced similar results

& ScaleChem - [Case 206 - Analysis.sca]
,& File Wells Analyses Calculations

DE S| 2 4w

=8 ScaleChem Objects Br

-

no
Tyl

14

(Y OLIAnalyzer - [Case 206 - Analysis*]

Elfile Edit Streams Calculations Chemistry 1
DS M| ExL 3
Mavigatol o

| Navigator g o= x| b

Case #06 - Analysis*

Description Obje

H norway246
Mame:  Sheams



ScaleChem Std Screen - Brine Analysis
Settings - Expanded List, Na/Cl Balance, CO2 in Gas

=

Brine Analysis Data - norway246 ) p— a N— !
Description  Species | Summar)'l
Analysis View Species Display Species List
’7 ¢ Ongnal ¢ Balanced ' Reconciled ‘ ’7  Formula  * Name ’7 ¢ Standard ¢ Bxpanded {* Non Zero
Cations | maL | Anions | mall | Meutrals | mat |
Sodium (+1) 32090800 | Chloride (-1) 58823.100
Potassium (+1) 238969 |Bicarbonate (-1) 14521.800
Calcium (+2) 3795928
Magnesium (+2) 183.822
Strontium (+2) 1268373
Barium (+2) 1948515
Hydrogen (+1) 235185
Variable Units Measured | Calculated ‘: Reconciliation Type
Ambient Temperature *C 145,000 143,000 |c02 Fraction in Gas |
Ambient Pressure psia 4200000 4200.000 ¥ Update Brine with results
pH pH units 0.000 5169
Alkalinity as HCO3-, mg/L 300.000 294,087 -
Density g/cc 1.000 1.008 UrE |
Total Dissolved Solids mg/L 113106.492 113106.492 Balance
Electrical Conductivity 1/ohm-cm 0.000 0.493
fraction CO2 in Gas mole fraction 0.042 0.042
Alkalinity endpoint pH units 4.000 - View Files

Variable ScaleChem Std Studio ScaleChem % Difference
pH 5.17 5.14

Alk 294.1 298.1

Balance ion Na+ Na+

Balance Value | 15..0 15.0

Density 1.031 1.008

Saturated CaC03, SrC03 CaC03, SrC03

Notes

15

Studio ScaleChem Screen - Brine Analysis
Settings - Expanded List, Na/Cl Balance (Na+), CO2 in Gas

Description Design E Repnn‘
= Variable \ Value \ Balance| »  Entry Options
E Cations (maiL) s [mgh -
e | [ Nast 34900.0 | 34915.0
o ] 260,000 | 260,000 Display | Formula '
Ca+2 4130.00 | 4130.00 [Fl5how Non-zero Grly
Ng-2 200.000 | 200.000
3 I sr2 1380.00 | 128000 [#] show Balanced Column
B Ba+2 2120.00 | 2120.00
§ I Fesz 0.0 0.0 Template Manager
3 Last Applied: Mone
Anions (mard [EBoended -]
E nded -
ok €4000.0 | 64000.0 |
5042 [X) 0.0 Save 25...
HCO3-1 310.000 | 310.000
™ B(OH)4-1 0.0 0.0 Balance Options
HS-1 0.0 0.0 Type  [Makeup Ion -
™ cznz02-1 0.0 0.0
Heutrals {mgiL}
coz 0.0
H25 [X)
si02 0.0 i
BIOH)3 [X) o

Summary

Unit Set
Based on: Concentration

Automatic Chemistry Wodel
Aqueous (H+ ion) Databanks:
Public
No Solid phase(s)

Stream amount:
1.00000L

User Choice Charge Balance
cation:  Na+1

Cation Charge:  1.80963 eqlL
Anion Charge:  -1.81029 eqil
Imbalance:  -6.54370s-4 eqll

15.044 mg/L of Na+1
is needed to balance.

COZ Fraction in Gas Calculation
Calculation not done

Design | Report
r

; Recondliation Options

L:J: Reconciliation Type () Equilibrium Calculation

™ CO2 Fraction in Gas

5 () pH Alkalinity Recondile

K [ Allow solids to form

=

3 Properties Measured Calculated

& Temperature (*C} 145.000
Pressure (psia) 4200.00
pH - Agueous 0.0 5.13581
Alkalinity, Measured - Aqueous (mg HCO3/L) 300.000 298.065
Measured COZ Gas Mole Fraction 0.0420000
Density - Agueous (g/cm2) 1.00000 1.00165
Elec Cond, specific - Agueous (mhoim) 0.0 456391
Total Dissolved Solids (ma/L) 0.0 0.0

Composition Adjustments

Add carbonate (mg/L CO2) 6983.11
Add Charge Balance (mg/L Ma+1) 15.0438




Case #7 - AS-B

Summary

This file contains a single Brine Analysis using the pH/Alkalinity calculation. This is a duplication of a previous case, but is still presented because
when tested in a previious beta-version, the pH/Alkalinity option was not selected. Also, since the above pH/Alk calculation did not work on

ScaleChem Std, a second comparison is provided. Both software produce similar results.

& ScaleChem - [Case 207 - AS-B.sca]
,& File Wells Analyses Calculations

Dzl =) 2 4] wl

E--E@ ScaleChemn Objects
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[

) OLlAnalyzer - [Case 207 - AS-B*]

n File Edit Strearms Calculations Chemi
D | 78 | [
Mavigator L o~ X

5 il
Case #07 -AS-B |
treams Descripi

CVT_GC 743 3_MPSR 1318




ScaleChem Std Screen - Brine Analysis
Settings - Non-zero List, Na/Cl Balance , pH&AIlk Reconciliation

Brine Analysis Data - CVT_GC_743_3_MPSR_1318

e

Description  Species |Summar)'|

Analysis View Species Display Species List
’7 % Original ¢ Balanced ¢ Reconciled ’7 " Fomula ' Name ’7 " Standard " Expanded @ MonZ
Cations | mag/L | Anicns | ma/L | Meutrals mg/
Sodium (+1) 13281.500 | Chloride (-1) 21587.000
Potassium (+1) 75400 |Sulfate (-2) 26,700
Calcium (+2) 301.500 |Bicarbenate (-1) 747.700
Magnesium (+2) 87300 |Boron tetrahydroxide.., 278.000
Strontium (+2) 43400 |Acetate (-1) 86,200
Barium (+2) 28200 |Propanate (-1) 45.100
Iron (+2) 2700 |Bromide (-1) 43,700
Variable Units. Measured | Calculated ||3 Reconciiation Typ=
Ambient Pressure psia 14.696 14,696 IDH and Allalinity LI
pH pH units 7.500 1500 [ Update Brine with results
Alkalinity as HCO3-, mg/L 747.000 745.710
Density glec 1.030 1.022
Total Dissolved Solids mg/L 36634.400 36634400 L |
Electrical Conductivity 1/ohm-cm 0.000 0.057 Balar
Alkalinity endpoint pH units 4.500
HCl added mg/L 153.332 oo
CO2 added mg/L -31.089 |3 View |
Variable ScaleChem Std Studio ScaleChem % Difference
pH 7.5 7.5
Alk 745.7 747
Balance ion Na+ Na+
Balance Value | 562.9 562.9
Density 1.023 1.023
Saturated CaC03, BaS04, CaC03, BaS04,
FellCO3 FeCO3, SrCO3
Notes
HCl 153.3 152.8 0.3%
CO2 -31.1 -30.4 2.3%
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Studio ScaleChem Screen - Brine Analysis
Settings - Expanded List, Makeup (Na+) BalancepH/Alkalinity

Reconcile

Variable | Value | Balance | Entry Options
Cations (mg/L) Units mg/L -
- Nas1 132815 138444 ]
T Ke1 754000 | 754000 | Display | Formula S
T Cas2 301.500 [ 301500 | [ gy Nan-zero Crly
™ Mg+2 87.3000 | 87.3000
I Fev2 270000 | 2.70000 Show Balanced Column
" Bas2 28.2000 | 28.2000
52 43.4000 | 43.4000 | Template Manager
Last Applied: None
Adions imatd [Bpandes ]
nded -
" cH 21587.0 | 21567.0
5042 26.7000 | 26.7000 Save as...
™ HCO3-1 747.700 | 747.700
T Br1 437000 | 43.7000 | Balance Options
I B(OH)4-1 278000 | 278000 | Type  [MakeupTon -
I C2H302-1 262000 | 86.2000
I C3H502-1 45.1000 | 45.1000

Description

Summary
User Choice Charge Balance
Cation:  Na=1
Cation Charge: 0.603364 eg/L
Anion Charge: -0.627851 eq/L
Imbalance: -0.0244863 eg/L

562 939 mg/L of Na+1
is needed to balance.

Alkalinity Calculation

Phase Amounts
Agueous 1022619
Vapor 00g
Solid 00g
2nd Liquid 00g

Aqueous Phase Properties
pH 7.50000
lonic Strength  0.0113603 molmo
Density 1.02261 gicm3

Data Entry

Reconcile

Recondliation Options

Recondiliation Type () Equilibrium Calculation
(7) CO2 Fraction in Gas

[ allow solids to form

@ pH Alkalinity Reconcile

Calculate @ |

Properties Measured Calculated
Temperature (°F) T7.0000
Pressure (psia) 14,6960
pH - Agueous 7.50000 7.50000
Alkalinity, Measured - Agueous (mg HCO3JL) T4T.000 T47.000
Alkalinity end point Alkalinity End Point pH 4.50000
Density - Agueous (g/'cm3) 1.03000 1.02270
Elec Cond, specific - Agueous (mho/m) 0o 5.65961
Total Dissolved Solids (mo/L) 0.0 0.0
Composition Adjustments
Added acidity (mg/L HCL) 152775
Add carbonate (mg/L CO2) -30.4103
Add Charge Balance (mg/L Na+1) 562.939




Case #8 - S-C

Summary
This case introduced the Optional Brine entry which is used in the ScaleScenario. The optional brine is no longer needed in StudioScaleChem

This file contains One Brine Analysis, one Saturation, one Optional Brine (computed from Saturate), and one scale scenario. Also, the Advanced
button is used in the Saturate, to adjust Na2SO4 and saturate BaSo4. The ScaleChem std software had problems converging the optional brine
in the scale scenario, so there is some automated problems with the original software. Lastly, the Saturate calculation in ScaleChem std would
automatically precipitate any solid phase even if it did not get selected. The Studio SC object only allows solids to form that are selected.
Therefore, the fluid properties are different. We believe that the Studio SC approach is the best, even though it requires an additional step of
selecting solids that precipitate AND solids that are to be saturated.

) OllAnalyzer - [Case 208 - 5-C*]
I& EEiIe Edit Strearmns Calculations Chemistry Tools Y
ScaleChem - [Case 208 - 5-C.sca =
_ : - D& 7 K2
,&, Eile Wells Analyses Calculations Tool -
Mavigator L o« x

= ]
D & 2|82 & =] Case #08 - S-C* %
EII@ ScaleChem Objects Saturati Description | Object Map
LT Saturate

..... = Saturate

... J OptionalBrine

H OptionalBrine
—'1— Saturatel Mame: Streams

H Saturate

Arnahrea
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ScaleChem Std Screen - Brine Analysis
Settings - Expanded List, Na/Cl Balance, Equilibrium Reconciliation

Brine Analysis Data - Saturate .- ——— — L}
Description  Species | Summary |
Analysis View Species Display Species List
’7(3' COriginal ¢ Balanced " Reconciled ‘ ’7 * Formula  © Name ’7 " Standard " Expanded f*
Cations ‘ ma/L | Anions | mag/L | MNeutrals | ma/L

Na+1 96500000 | CI-1 148200.000  |Si02, ag 65,000
K+1 1540000 |S04-2 23,000 |B(OH)3, ag 120.000
Ca+2 870,000 |HCO3-1 44,000

Mg+2 256,000 |C2H302-1 54,000

Sr+2 36,000

Ba+2 39.000

Fe+2 6,000

Variable Units Measured Calculated | Reconciition Type

Ambient Temperature “F 77.000 77.000 | Equiibrium Caloulation =l
Ambient Pressure psia 14.696 14696 [~ Update Brine with results

pH pH units 0.000 6.120

Alkalinity as HCO3-, mg/L 0.000 46.422 -

Density glec 1.000 1161 _ Unis |

Total Dissolved Solids mg/L 247568.000  247568.000 Balance
Electrical Conductivity 1/chm-cm 0.000 0.236

ol ditm
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Studio ScaleChem Screen - Brine Analysis
Settings - Expanded List, Na/Cl Balance, Equilibrium Reconciliation

Description

Data Entry

Reconcile

Recondliation Options

Recondliation Type @) Equilibrium Calculation
CO2 Fraction in Gas
() pH Alkalinity Reconcile

[ Allow solids to form

Properties Measured Calculated

Temperature (*F) 77.0000

Pressure (psia) 14 6950

pH - Aguecus 0.0 §.12041
Alkalinity, Measured - Agueous (mg HCOZ/L) 0.0 45.0348
Density - Agueous (g/em3) 1.00000 1.16130
Elec Cond, specific - Agueous (mho/m) 0.0 23.5765
Total Dissolved Solids (mo/L) 0.0 0.0

Composition Adjustments
Add Charge Balance (mg/L C-1) 427774




ScaleChem Std Screen - Saturate

Settings — One Brine, One Condition, One Solid

Description] Components ] Conditions ~ Saturation |Ca|c:|.||ate | Results |

Available solids:

Chosen solids:

MNall (Halite) BasSO4 (Barite)
Add > |

ipecify inflow to vary (—_

Saturate Solid by Varying |

BaSO4 (Barite) NA2504 ~|
Scaling Tendencies and Solids - Point 1
Scale Mineral Maximum Scale Scaling Ten

ma/L Ibibb pre-scaling

MACL 0.0 0.0000 0.2413
CACO3 129 0.0045 25265
CASO4 0.0 0.0000 0.0309
SR304 0.0 0.0000 0.0027
BASO4 01 0.0000 1.0000
FENCO3 0.0 0.0000 02431
S102 0.0 0.0000 0.1309
KCL 0.0 0.0000 0.0030
MGOHZ 0.0 0.0000 1.3348
SRCO3 0.0 0.0000 0.0452
BACO3 0.0 0.0000 0.0011
FENOHZ 0.0 0.0000 0.0517
Variable ScaleChem Std | Studio ScaleChem | % Difference
pH 6.13 6.32
Alk 38.15 No Alk in SSC
Density 1.068 1.068
Flow 108.8 108.8
Sat Solid BasO4 BasO4
Value
New Ba, SO4 Concl | 35.8,63.9 35.9,66.2

Studio ScaleChem Screen - Saturate
Settings - One Brine, One Condition, One Solid

Es

Solid Selection (check solids allowed to form)

=-[4 standard

@[] Expanded

-2 Al
Select Inflows To Vary
Solid Inflow
BaS04 MazZS04
Scale Mineral Max Scale Pre-scaling
CasS04.2H20 0.0 1.13667e-3
FeCO3 0.0 0.261318
Fe(OH)2 0.0 0.0561120
Srs04 0.0 270723e-3
SrCo3 0.0 0.0484794
Bas04 3.23874e4 1.00000
BaCO3 0.0 1.22582e-3
Caso4 0.0 0.0308099
CaCo3 0.0 2.52624
Mg(OH)2 0.0 1.45111
Si02 0.0 0.130858
MNaCl 0.0 0.241320
KCl 0.0 3.03650e-3
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ScaleChem Std Screen - Scale Scenario

Scaling Scenario - ScaleSur\'Ey' L] h..- _

Deescription I Components  Conditions I Precipitates I Calculate I Resutts I

Temperature *F Pressure psia Description
| | 46645104 Iﬂesem\rir ~|
Selected Conditions
1 339,000 3174000 Resewovi [
2 300.000 2750.000 Wellpoirt
3 270.000 2500.000 Wellpoint
4 240.000 2000.000 Wellhead 1
5 200.000 1000.000 Surface
o : - Scaling Scenario L

0280
|azm
0260

_|n=2s0

|o2a0
70220
oz
“[0z00
au1en

B ERE

Q470

0. D D D g + + + + g + —F
10000 12000 4400.0 16000 18000 20000 22000 2400.0 26000 28000 30000 32000
Pressure, psia

W 0164504 pSealTend M 02 NACL pScalTend
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Studio ScaleChem Screen - Scale Scenario

=
Description

Design |ﬂ Plot | & Report | LI File Viewer

W Type Name Flow

lg Brine (bbliday) OptionalBrine 150.000

B =select>

Switch to

] Type Hame Flow
% Brine (bbliday) Saturated 150.000
n <select-

27 T T T ]

25 —a— BaS04 Pre-scaling tendency A ]
- ) —a— MaCl Pre-scaling tendency (2) - ]
S 23 ]
B 21 3
= 19 3
617 E
o 4
3 15 ]
% ]
@13 1

11 §

09 Z ]

<,
l§:\@

0.37
0.36
0.35
0.34
0.33

=
[
L]

0.31
0.3

0.29
0.28
0.27
0.26
0.25
0.24
023

fouspuay Buljess-aig |DEN



Case #9 - BS-]J02

This file contains One Brine Analysis, one Gas Analysis, and two Scale Scenarios. This was an older file that contained Hydrocarbon gas as an
input. To make this work in both ScaleChem Std and Studio SC, hydrocarbon gas was switched manually to Methane. You will also notice that
the water saturation values differ because of the way that the saturation is calculated in the new software. Lastly, the Sorting of scale
calculation option in ScaleChem is not part of StudioScaleChem. Therefore, the plots are mirror images. The results in the calculations are also
different, presumably because of the different water saturation. Lastly, the second liquid was not turned on in ScaleChem std, which resulted in

the high pressure calculations failing.

The second scale scenario, B_ST1 did not converge in Studio SC

G OUAnalyzer - [Case #09 - B5-102.0ad"]
ElEiIe Edit  Strearns Calculations  Chermistry  Tn

& ScaleChem - [Case #09 - B5-102,5CA] 0= n ? k? m S
,& File Wells Analyses Calculations Tools -
Mavigator L = x ﬁ
e & 2|8 & =] Case #09-BS-J02.0a0" | |

Elﬁg ScaleChem Objects Scenario ﬁ,_"" Streams | Descriptiun| @

--Td BBCB &-leb BBCE

& BBCG B_ST1 R~ BBCG

i? B_5T2 Comments @- w J Comp

- B -l B ST2 z

N4 B ST1 ip BSTL = :i':'

22



ScaleChem Std Screen - Brine Analysis
Settings — Standard List, Na/Cl Balance, Equilibrium

Brine Analysis Data - BECB

Description  Species | Summary I

Analysis View Species Display Species List ————
’7(" Original ¢ Balanced {* Reconciled ‘ IVG' Formula ¢ Name ’7(: Standard ¢ Ewpanded 1

Cations | mag/L | Anions | mag/L | Neutrals |
MNa+1 10440110 |CI1 19903.010 |COZ, aq
K+1 5140003 |504-2 500,000 |H2s, ag
Ca+2 280,000 |HCO3-1 1800001 |Si02, aq
Mg+2 14.000 | B(OH)4-1 0000 |B(OH)3, aq
Sr+2 2100 |Hs-1 0.000
Ba+2 0810 |C2H302-1 0.000
Fe+2 15.000

Variable Units Measured | Calculated | FEErE BT s

Ambient Temperature F 77.000 77000 | Equiibrium Calculation
Ambient Pressure psia 14.696 14596 | [~ Update Brine with results
pH pH units 0.000 7.604
Alkalinity as HCO3-, myg/L 0.000 1743120
Density g/cc 1.026 1023 s |
Total Dissolved Solids mg/L 38095.034  38095.034
Electrical Conductivity 1/chm-cm 0.000 0.057 _r

Variable ScaleChem Std Studio ScaleChem

pH 7.60 7.60

Alk 1743 1718

Density 1.023 1.0217

Saturated CaCO03, BaS0O4, FeCO3 CaCO03, BaS04, FeCO3
Balance ion Cl- Cl-

Balance Value | 902.8 902.8

Notes
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Studio ScaleChem Screen - Brine Analysis
Settings - Expanded List, Na/Cl Balance, Equilibrium

7
Description

Design |3 Report

_;‘ Reconciliation Options

'-"J: Recondiiation Type @) Equilibrium Calculation

g ':::' CO2 Fraction in Gas Caloulste & |

() pH Alkalinity Recondle

o [T Allow solids to form

=

z Properties Measured Calculated

= Temperature (°F) 77.0000
Pressure (peia) 14.6960
pH - Aguecus 0.0 7.60367
Alkalinity, Measured - Agueous (mg HCO3/L) 0.0 1718.03
Density - Agueous (g/cm3) 1.02600 1.02288
Elec Cond, specific - Agueous (mho/m) 0.0 565399
Total Dissolved Solide (mo/L) 0.0 0.0

Composition Adjustments

Add Charge Balance (mg/L C+1) | | 902,842

Notes — Na+ was removed instead of Cl- being added.



ScaleChem Std Screen - Gas Analysis
Settings — Standard gas, H20 Sat (no conditions)

" Description  Compostion | Dew Poirt ] Summary |

Gas | Mole/Vol % |
Water 0.200
Mitrogen 0.000
Carbon dioxide 2.981
Hydrogen sulfide 0.000
Methane 0.000
hydrocarbon gas 96.720

Tatal Percent 100.00

{* Calculate methane percent

Gas Analysis Data - BECG

Dizplay
" by Formula

{* by Name

Gases Display
{+ Show standard gas list
" Show expanded gas list

" Show non-zero gases

Methane percent is calculated as

Description ] Composition  Dew Poirt ]Summary]

Type of Calculation Resutt

* Saturated water content TF

" Dew point temperature

" Dew poirt pressure

175.0

P. psia 5000.0

View Files

Units

Water vapor, |p.285352
vol % ,—

The water vapor content can
be changed for the calculation. Result
It will not affect the stored gas
compositions.

e ScaleChem Std did not converge gas (undefined Chemistry

model)

e Hydrocarbon Gas no longer exists. Methane is now used.
The software does not automatically switch this over

% water vapor: 0.285

Studio ScaleChem Screen - Gas Analysis
Settings - Expanded List, H20 Sat (3e-13F, 0 psia).

&

Description Design | Definition | ] Flepurtl

-~

Inflows

Reconcile

J Component Normalize | Reconciled G
H20 0298579 8.5675%e-3
co2 2.98089 208059 | Condiion
CH4 96.7195 g7.0018 | Saturate With H20 b
| |  Conditions Value
Temperature (°F} 175.000
Pressure (peia) 5000.00

Show Mon-zero Only

Saturated H20 Amount:
8.5679%-3 mole %

Chemistry Tools Viey
Va 20| | R
m.m. this was turned on automatically.
Calculation fails when turned off.
OLI Analyzer does not recognize the Hydrocarbon Gas input.
It needs to be changed manually



ScaleChem Std Screen - Scale Scenario Studio ScaleChem Screen - Scale Scenario
Settings — one brine, one gas, six conditions, one scale Settings - one brine, one gas, six conditions, one scale

Description I Components  Conditions I Precipitates | Calculate I Results I

[&¥ Design @ F'Iull ] Repuﬂlg File Viewer|

Temperature °F Pressure psia Description
I m I 4353693 Iselected pOiI'Tt LI gnits | Location Temperature (°F| Pressure (psia) | Drop Solids Calculate 0 |
selected point 40.0000 499969 : =
- selected point 40.0000 449972 [ ]
Selected Conditions selected point 40,0000 2999 82 [] Summary
1 A0.000 4555 693 selected point Add I selected point 40.0000 999.939 ; Unit Set
2 40.000 4459724 selected point — selected point 40.0000 248.879 LI Based on: Scals
3 A0.000 7955 816 selected poirt R selected point 40.0000 148.991 [ ]
4 40,000 999,939 selected point o=tz <Enter Location Name=
5 40.000 345979 selected point
3 40.000 1455991 selected point PR |
Emor: The gas stream(s) contain pseudocomponents but no oil streams are selected. —————
| Description | Design | il Plot | El Report | L3 File ‘-'iewer|
Scaling Scenao - T2 T T . M
@ :]q, i’k . E] [ Wiew Plaot ] [ Curves
Description I Components | Conditions | Precipitates I Calculaste Results |
B’:::Number cACO2 BASO4 FEICO3 oH Locations | pH - Aqueous | Pressure | FeCO3J Pre-| CaCO3 Pre-| Ba504 Pre-
pScalTend pScalTend pScalTend aq phase ps ia
1.000 0.000 0.000 o.000 7605700 1 1.00000 5.43230 4999 69 0201487 0.158251 221753
2.000 0.000 0.000 0.000 T609.715
3.000 0.045 11.040 0.052 5374 2 2.00000 553517 445972 0.292763 0.222578 24,1525
4.000 0.075 5.982 0.08% 5536
L0 pore s n.ee i 3 3.00000 572078 | 2999.82 134714 | 0.908613 33.3832
6.000 0.367 10.068 0.481 6211 4 4.00000 582132 999939 235.359 3118973 379.394
Pressure 3 5.00000 6.50555 349.979 283133 | 5.33748e-3 | 0.0392377
Pee 6 £.00000
49595 650
4459.720
2899.820
999.935
348.979
145851
DATA
Case Number CACO3 BASO4 FEICO3 pH
pScallTend pScallend pScalend ag phase
1.000 0.034 11.751 0.037 5.253
2.000 0.036 11.618 0.040 5.314
3.000 0.045 11.040 0.052 5374
4.000 0.075 9962 0.088 5.536
5.000 0.182 9747 0.204 5.870
5.000 0.367 10.066 0.481 8211
Pressure H20 (v) Dizzohved H20 (oil}
psia molefrac
4959 650 0.000 9.58e-005
4499 720 0.000 9.67e-005
2999.820 1.09e-004 0.000
990.939 1.70e-004 0.000
349979 3.87e-004 0.000
149991 &.44e-004 0.000
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0.40-(0.50

0.45

0.40
0.30

0.25
0.30

0.20-(0.25

0.20

0.15

0.10

Scaling Scenario

1.5 2.0

25

3.0 35 4.0 4.5 50 5.5 6.0
Cage Mumber

W01 CACOS pSealTend W02 BASO4 pScalTend M 03 FENCOS pSealTand

en

7.0

5.0

5.0

4.0

3.0
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¥ o0

DATA

Case # CACO3 BASO4 FEIICO3 pH
pScalTend | pScalTend | pScalTend | aq phase

1 0 0 0 7609.854

2 0 0 0 7609.869

3 0.045 11.04 0.052 5.374

4 0.075 9.963 0.089 5.536

5 0.162 9.747 0.204 5.87

6 0.367 10.067 0.481 6.211

©3000.0

= T T T T
§ 2500.0 |- —a—NaCl Pre-scaling tendency |
é | —a&—CaC03 Pre-gcaling tendency
% 20000 - —@—CaS04.2H20 Prfz—scalingtendency B
% —¢—CasS04 Pre-scaling tendency
U_ 1500.0 BaS04 Pre-scaling tendency -
§ — FeCO3 Pre-scaling tendency
§ 1000.0 —m—FeS Pre-scaling tendency 4
; r Sr304 Pre-scaling tendency
S 5000 - -
a‘é 0.0 @J 4\ &
[ G =2
o % k)
= /q?_ ’Gb-
‘Jo@ ‘Jo@
Locations pH - FeCO3 Pre- CaCO3 Pre- BaSO4 Pre-
Aqueous scaling scaling scaling
tendency tendency tendency
1 5.4828 0.201487 0.158251 22.1753
2 5.53517 0.292763 0.222678 24.1525
3 5.72079 1.34714 0.906613 33.3832
4 5.92132 235.359 311.973 379.394
5 6.50555 2831.33 5.34E-03 0.0392377
6

Cases are flipped, two conditions contained no water. One
condition was not converged in Analyzer. Scale tendencies differ
significantly. pH values are generally the same.
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ScaleChem Std Screen - Scale Scenario

Settings -

Scaling Scenario - B_ST1

.Description Components |Cor|d'rtion5| Precipitates Calculatel Hesultsl

Input
Type MName | Units
 [Brine ~|BBCE | 1.000 bbl/day
Gas ~|BBCG - 1000.000 kscf/day

Description | Components  Condtions | Precipitates | Caleulate | Resuts |

Temperature *F Pressure psia Description
| 175.000 4999693 [selected point ~| Units
Selected Conditions
1 175.000 4359.693 selected point Add |
2 175.000 4439724 selected point =
3 175.000 2939.316 selected point Remave
4 175.000 999.939 selected poirt =
5 175.000 349,979 selected point
E 175.000 145991 selected point Ao Step
7 145.000 4399 693 selected point =
8 145.000 4439724 selected point ¥ rso Seo add
9 145,000 2939816 selected point = EDE -l
10 145,000 959,939 selected point St
1 145,000 349.979 selected point ErElE D3
12 145.000 145.991 selected poirt Note this wil
13 100.000 4999693  selected point — B
12 100.000 4459724  selected point || exactly 2 condit
15 100.000 2959.816 selected point
16 100.000 939.939 selected point
17 100.000 45579 selected point (4

Description | Components | Conditions ~ Precipitates |Ca|c1.||ate I Results I
Available precipitates: Chosen precipitates:
NaCl (Halite) CaCO03 (Calcite) Solids Selectic
CaS04.2H20 (Gypsum)
o504 priyane) R { p—

Studio ScaleChem Screen - Scale Scenario
Settings -

=

Description [&¥ Design @ Plot | =] Repnﬂlg File Viewer

Type Name Flow
Brine (bbliday) BBCB 1.00000
Gas (std Wfi3/day) BBCG 1000.00
=relects

Calculate &

Surmmary

=

B_ST1 did not converge in StudioSC
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Location Temperature (* | Pressure (psia) | Drop Solids| =
selected point 175.000 4599 69 []
selected point 175.000 445972 []
selected point 175.000 2559 82 [] 3
selected point 175.000 598.939 []
selected point 175.000 340.979 []
selected point 175.000 145.981 []
selected point 145.000 4599.69 []
selected point 145.000 445972 []
selected point 145.000 25599 82 []
selected point 145.000 599.939 [] -
Auto Step
Steps: 5 Auto Step
=
Description Design tﬂ Plot | & Report | L File Viewer
o || Solids Selection
@
= =[] Standard
\ Sum
w u
c
=
:“‘;:"
c
(=]
[&] S
C




. . 13
g g FS Scaling Scenario pe S
8.4 260.0-| 2200.0 ' 1.20e+6 [18000.0
25| 340.0 17000.0
: 20000 1.10e+6
ap |3200 16000.0
7500 45000 1.00e+6 [15000.0
2800 14000.0
76 0.00e+5
260.0-| 1600.0 13000.0
7 a0 £.00e+5 |12000.0
70 1400.0
22200 11000.0
7.00e+5
7.0 200.0-| 42000 10000.0
6.8 180.0 5.00e+5 (90000
5.5 | 160.0-| 1000.0 £000.0
| 1400 500 | 0.0
64 “ | =000 :
gz | 1200 4.00e+5 (50000
100.0 5000.0
6.0 moo.0 3.00e+5
80.0 4000.0
88 gpp | 4000 200e+5 |3000.0
5.6
40.0 2000.0
200.0 1.00e+5
54 200 1000.0
52 00 0.0 Cl : 0.0 0.0
0.0 20 40 5.0 80 100 120 140 160 180
Case Mumber
01 pH, aq phase M0z cACO2 solid, mg/L B 03 BASO4 pScalTend 04 CACOS pSealTend

05 FENCO3 pScalTend

Notes —



Case #12 - RG-A

This case contains a water analysis set for pH and Alkalinity and a sour gas analysis. The gas to water ratio is low, 0.004MMscf/bbl. This file
contains sulfur and all the solids are selected in the scale tendency. Therefore, we are focusing on the scale scenario results. There is a table at
the bottom of this case, which contains the results of the two scale scenarios and the difference between their values. The differences range

from 0% to 80%. s

& File Wells Analyses Calculation R b x|
Case #12 - RG-A*
= 24
D||="|E|@ ?|~'| M_’ ln:Streams
-4 GA-11Gas
.~ GA-115caling
G - Tgh GA-11Water
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Brine Analysis Data - GA-L 1

Description  Species | Summary I

Analysis View Species Display Species List
’7(3' Original ¢~ Balanced (" Reconciled ‘ ’7(:' Formula ¢ Name ’7

@ Standard ¢ Bxpanded " Non Zero

el

Description

Raconcila/ Data Entry

Variable | Value | Balanced | =« Entry Cptions

Cations (maiL) A unite E
™ Nas1 91898.0 918980
I K1 1291.00| 1291.00 Display @
I Ca+2 3847.00 | 3847.00 []Ehaw Non-zera Oniy:
™ Mg+2 2054.00 | 2054.00 [¥] show Balanced Column
™ 5re2 127.000 | 127.000
™ Bas2 32.0000 | 38.0000 Template Manager
I~ Fes2 45.0000| 4a0000 || LastAppiied: None

[Expanded -

Aron el
¢ Ch1 1.54000e | 1557928
™ 5042 53.0000 | 53.0000 Balance Options
T HCO3-1 24.4000 | 24.4000 Type @
I~ C2H302-1 40.0000 | 40.0000

Cations | mat | Anions | mat | Meutrals | mat |
Ma+1 91898.000  |CI-1 154000000 | COZ, ag 0,000
K+1 1291.000 | |504-2 53.000 |H2S, ag 0,000
Ca+2 3847.000 | |HCO3-1 24400 15i02, ag 0,000
Mg+2 2054000 |B{OH)}M4-1 0000 | B(OH)3, aq 0.000
Sr+2 127.000 | HS1 0.000
Ba+2 38000 |C2H302-1 40,000
Fe+2 48.000

Variable Units Measured | Calculated | Az R

Ambient Pressure psia 14,696 14,696 IPH and Alkalinity =l
pH pH units 6.580 6.580 V¥ Update Brine with results
Alkalinity as HCO3-, mg/L 65.070 65.081
Density glcc 1.000 1.165
Total Dissolved Solids mg/L 253420400  253420.400 e |
Electrical Conductivity 1/ohm-cm 0.000 0.233 Balance |
Alkalinity endpoint pH units 4.500
HCl added ma/L -38.576 _ Cacuite |
C02 added mgy/L 47398 | e |

I Description
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T Data Entry

Recondliation Options

Recondliation Type () Equilibrium Calculation
(7) CO2 Fraction in Gas
) pH Alkalinity Recondle

[ Allow solids to form

Calculate &8 |

Properties M C

Pressure (psia) 14,6960

pH - Agueous §.58000 §.58000
Alkalinity, Measured - Agueous (mg HCO3/L) §5.0700 65.0694
Alkalinity end peint 4.50000

Density - Agueous (g/cm3) 1.00000 1.16522
Elec Cond, specific - Aguecus (mho/m) 0.0 23.2506
Total Dissclved Solids (mg/L) 0.0 2.55212e5

Composition Adjustments

Added acidity (mg/L HCL) -38.5472
Add carbonate (mg/L CO2) 47.3631
Add Charge Balance (mg/L CH1) 1791.57 ||




-
Gas Analysis Data - GA-11Gas

Description Composition | Dew Point I Summaryl

Gas | Mole/Vol % | ‘D(LSF"EY
Water 0.670 by Fomia
Nitrogen 0.000 & by Name
Carbon dioxide 0.500
Hydrogen sulfide 4.00e-003
Methane 93,820 —(Gases Display
¥ Show standard gas list
{” Show expanded gas list
{” Show non-zero gases
Total Percent 100.00

Gas Analysis Data - GA-11Gas

Diescription | Composition Dew Point |Summary|

Type of Calculation

* Saturated water content

" Dew point temperature

~ Dew point pressure

The water vapor content can
be changed for the calculation.
It will not affect the stored gas

compositions.

r Result
T C |3?.G1 1
P. bar Im-ﬂ =
Water vapor, [pg74335 —
wol %

r Result
% water vapor: 0,674
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&

Definition | ] Flepurt|

&

Component Value Normalized
Hz0 0.670000 0.670000

™ Nz 0.0 0.0
™ coz 0.500000 0.500000
™ H2s 4.00000e-3 4.00000e-3
98.8250 58.8260

—|—F CH4
|

Entry Options

Units —mole Yo - d
-
[~ show Man-zero Only

Show Mormalized Column

Template Manager
Last Applied: Mone

Expanded -

o

Inflows

Reconcile

Component Normalize | Reconciled
Hz0 0.570000 0.749657
N2 0.0 0.0
coz 0.500000 0.499559
H25 4.00000e-3 3.9967%e-3
CH4 98.8260 98.7467

Condition
Saturate With H20 -
Conditions Value
Temperature (°F) 995980
Pressure (psia) 145.038

[] Show Mon-zero Only

Saturated H20 Amount:
0.674337 mole %



Scaling Scenario - GA- I E

Description Components ICond'rtions | Precipitates | Calculatel Results | Descriptinn Design |ﬂ Plot | @ Flepuﬂ | Q File

Input .
Type MName | Amount | ] Type Hame Flow
Brine |~ | GA-11Water | 1.000 % Brine (bbliday) |GA-11Water 1.00000
_|Gas x| GA-11Gas =l 4.000 T Gas (std Mft3d | GA-11Gas 4.00000 Sul
«gelect=
Scaling Scenario - GA- i
i [75] l
[
Description I Components  Conditions | Precipitates I Calculate I Results | —
Temperature “C Pressure bar  Description l‘i
[ 10000  |Welhead? ] Units
- Description Design |ﬂ F‘Iutl E Flepurtlg File Yiewer
Selected Conditions .
;12 ?Enﬁ% }gnnggn _I\ﬁfﬂhg:dj Add - Location Temperature (°F) | Pressure (psia) | Drop Sol
A ! = gl -
3 100.000 200,000 Test Cond Remove % Wellhead? $9.5300 145.038 |:|
4 100.000 300.000 Test Cond — r Test Cond 212.000 1450.38 I:‘
5 125.000 100.000 Test Cond
B 150,000 100,000 Test Cond fuitn Step L Test Cond 212.000 2500.78 I:‘
- E Test Cond 22.000 435115 I:‘
SCﬂIiI'Ig Srenario - GA- i E Test Cond 257.000 145038 D
W I E Test Cond 302.000 1450.38 I:‘
Description I Components I Condttions ~Precipitates |Ca|c1.||ate I Results I L 9 <Enter Location Name=
Available precipitates: Chosen precipitates: ke
KO [Sylvitel MaCl (Halte) Description Design |jili Plutl El Report | L3 File
MgiQH)2Z (Pyrochroite) CaCo3 (Calcite)
CaCl2 Ca504 2H20 (Gypsum) [ i i
CaCl2.1H20 CaS04 (Anhydrite) £ || soids Selection
CaCl2 2H20 Sr504 [Celestite) <= || | =~ standard
CaClZ2 4H20 BaS04 (Barte) --[¥l Cas04.2H20
CaCl2 6H20 Add All >> | FeCO3 (Siderite) \ FecO3
5203 (Strontianite) Fe5 (Pymhatite) @ 5S04
BaCiO3 (Witherite) << Bemmve | FeS (Mackinawite) 5 [v] Baso4
Fe(OH)2 (amomphous) '1;? [ casos
S
|-
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ScaleChem Std

Pressure, bar | NACL p CACO3 p CASO4.2H20 p CASO4 p BASO4 p FEIICO3 p FEIS p
bar ScalTend ScalTend ScalTend ScalTend ScalTend ScalTend ScalTend
10 1 0.444 0.046 0.02 0.027 4.099 0.021 13.329
100 2 0.359 0.084 0.011 0.042 1.492 0.022 3.809
200 3 0.353 0.05 9.63E-03 0.038 1.578 0.014 2.27
300 4 0.348 0.038 8.78E-03 0.034 1.637 0.011 1.696
100 5 0.327 0.19 9.04E-03 0.064 1.258 0.016 1.653
100 6 0.301 0.423 0 (outside range) 0.1 1.043 5.65E-03 0.395
Studio SC
Location | NaCl CaCo3 CaS04.2H20 Caso4 BaSO4 FeCO3 FeS
s
Pre-scaling Pre-scaling Pre-scaling tendency Pre-scaling Pre-scaling Pre-scaling Pre-scaling
tendency tendency tendency tendency tendency tendency
1|1 0.438 0.044 0.020 0.026 4.062 0.019 14.583
2 |2 0.378 0.068 0.011 0.044 1.537 0.013 3.625
3 (3 0.351 0.042 0.010 0.037 1.573 0.009 2.428
4 |4 0.340 0.033 0.009 0.033 1.614 0.008 1.885
5 |5 0.416 0.134 0.010 0.074 1.433 0.004 0.869
6 |6 0.558 0.251 0.008 0.137 1.231 0.000 0.049
Difference [(StudioSC-SCStd)/SCStd]
-1% -5% 2% -3% -1% -9% 9%
2 5% -19% -1% 4% 3% -41% -5%
3 -1% -16% 0% -1% 0% -34% 7%
4 -2% -13% -1% -2% -1% -31% 11%
5 27% -29% 10% 15% 14% -76% -47%
6 85% -41% 37% 18% -96% -88%
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Case #13 - HA-N

This file contains one Brine, one gas and several scale scenario objects. This file was created in 2003, using a pre-V3 version of ScaleChem. The
purpose of this study is to see how the Studio SC and ScaleChem Std (V4 and higher) software will handle old files. We observed that several of
the scale scenarios were missing their flow rates. Also, a phase called Hydrocarbon gas is no longer used in the new software. Consequently,
Hydrocarbon Gas had to be changed manually in the gas analysis to methane.

With regard to the Scale Scenario results, the computed values of Studio SC are different from ScaleChem Std.

¢ OLlAnalyzer - [Case £13 - HA-N"]
X File Edit Streams Calculations Chemistry

(A val:

& ScaleChem - [Case #13 - HA-M.SCA]

. : _ O = = T N2
& File Wells Analyses Calculations Tools View .
Mavigator L o+ x I—:
DS & 2% & = & Case #13 - HA-N® | !
E--% ScaleChem Objects Scenario Analy ib"' Strearmns | Description

..... T4 H_Latel800_Satbr -8 H_Latel800

..... 4 H_late1800_Case? H_late1800_Cas: -}~ H_latel800_Case2

..... = H_Lateld00_Cased

Comments

..... L~ H_Latel®00_Cased

i

Brine (bl
..... L~ H_Latel800_Case3 | H_Latel800_Case3 Gas (st
..... L= H_Latel800_CaseS -~ H_Latel800_CaseS —selects

e H_Latel8001
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ScaleChem Std Screen - Brine Analysis
Settings — Standard List, Na/Cl Balance, Equilibrium

Brine Analysis Data - H_Late1800_Satbr

"Description  Species ISummaryI

— Analysis View Species Display ——— [~ Species List

" Orginal ¢ Balanced (* Reconciled ’75' Formula ¢ Name ’7(“ Standard ¢ Expandec

Cations | mag/L | Anions | mag/L | Meutrals

Ma+1 38249130 |CI1 65937.410

Ca+2 2943610 |504-2 10454

Mg+2 511742 |HCO3-1 196.751

Sr+2 253.901

Ba+2 254,651

Fe+2 9.743

H+1 0713

Variable Units Measured | Calculated | BT T TTE

Ambient Temperature “F 77.000 77.000 |Equilibrium Calculation
Arnbient Pressure psia 14,696 14656 | [T Updats Brire with re
pH pH units 0.000 6120
Alkalinity as HCO3-, mg/L 0.000 140.099 -

Density g/ec 0.000 1071 Lee |
Total Disselved Solids mg,/L 108368105 108368105

Electrical Conductivity 1/chm-cm 0.000 0138

Variable ScaleChem Std Studio ScaleChem % Difference
pH 6.12 6.12

Alk 141 136

Density 1.071 1.071

Balance ion Na Na+

Balance Value | 0.057 0.057

Saturated BasSO4 BasSO4

Notes
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Studio ScaleChem Screen - Brine Analysis
Settings - Expanded List, Makeup (Cl-), Equilibrium, Display Name

Description [&¥ Design I@ Repnrt|
= Variable | Value | Balance| » Entry Options
E Cations (maglL) Units ma/L =
- ~ Sodium ion(~1) 38248.3 | 38248.4 )
g ™ Calcium ion(+2) 2943.55 | 2943.55 Display | Display Name -
I Magnesiumion(=2) | 511741 | 511741 | = 7] ahaw Non-zera Orly
™ Strontium ion(+2) 253.802 | 253.902
E ™ Barium ion(+2} 254.647 | 254647 [/ show Balanced Column
S I Iron ion(+2) 974276 | 974276
=
g ™ Hydrogen ion(+1) | 0.71349 | 0.71348 | | Template Manager
é Last Applied: None
e [Ewanded -]
inded -
I” Chioride ion(-1) 65936.1 | 65836.1
™ Sulfate ion(-2) 10.4539 | 10.4538 Save as...
™ Bicarbonate ion(-1) | 196.752 | 196.752
Balance Options
Neutrals (mgiL) ‘ Type Makeup Ion -
Notes —

Summary

Stream amount:
1.00000L

User Choice Charge Balance
Cation:  Sodium ion{+1)

Cation Charge:  1.86326 egilL
Anion Charge: -1.86326 eg/L
Imbalance: -2.48804e-5 eg/L

0.057 mg/L of Sedium ien(+1)
iz needed to balance.

Isothermal Calculation

Phase Amounts
Agueous 1071.114g
Vapor 00g
Solid 00g
2nd Liquid 00g

Agueous Phase Properties
oH 511883
lonic Strength  0.0343342 mol
Density 1.07111 gicm3




ScaleChem Std Screen - Scale Scenario
Settings — One Brine, One Gas, gas, Five conditions, One Scale

Studio ScaleChem Screen - Scale Scenario
Settings - Expanded List, H20 Sat (3e-13F, O psia).

Scaling Scenario - H_latel800_Case2

I Description Components | Conditions I Precipitates I Calculate I Results I

£

Description Design |ﬂ Plot | E Repuﬂlg File ‘.I"iewer|

Input
Type | MName | Armount Units w Type Name Flow
| [Brine  [v|H Late1800 Satbr = 1.000 bbl/day lﬁ Brine (bbliday) H_Late1200_Satbr 1.00000
A I ] Latel8001 = 50.000 ksct/day = | | Gas (std Witaiday) H_Late1800 90.0000
Description | Components Condttions I Precipitates I Calculate | Results I <gelect=
Temperature °*F Pressure psia Description
I 1799.250 Isurface LI Units | @ Location Temperature (°F | Pressure (psia) Drop_Solids
= surface 92.0000 1799.89 ]
B = surface 106.000 2144.87 ]
SfIEdEd C"";;"’DE e . surface 128.000 3029.81 O]
i . surface Add I —
2 105.000 2144 858 surface = surface 135.000 J824.77 L
3 122.000 29 814 suface Femaove | surface 207.000 T499.54 L
4 135.000 3824765 surface — e
5 207.000 7459540 surface Solids Selection
Description I Componernts I Conditions  Precipitates ICaIcuIate I Results I Standard
Su

Available precipitates:

Mall {Halte)

Cas04 ZH20 (Gypsum)
CaS04 (Ankwdrite)

Chosen precipitates:

CaC03 (Calcite)

Conditinns/lnlets tions

[ calcium sulfate dihydrate

[ 1ron(ID) sulfide (hexagonal)

Notes — Scale Results are different
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H_late1800_Case2

ScaleChem Std

Pressure NACL CACO3 CASO4.2H20 | CASO4 BASO4 FEIICO3 SRSO4
psia pScalTend | pScalTend | pScalTend pScalTend | pScalTend | pScalTend | pScalTend
1799.89 0.045 0.19 3.32E-03 3.14E-03 | 11.835 0.038 0.015
2144.87 0.045 0.235 3.36E-03 3.58E-03 | 10.345 0.055 0.015
3029.81 0.045 0.316 3.08E-03 3.97E-03 | 7.972 0.089 0.014
3824.76 0.044 0.317 2.89E-03 3.93E-03 | 7.421 0.092 0.014
7499.54 0.041 1.25 2.40E-03 6.56E-03 | 4.16 0.306 0.016
Studio SC

Locations | NaCl CaCo3 CaS04.2H20 | CaSO4 BaSO4 FeCO3 SrSO4

pST pST pST pST pST pST pST

1 1 0.02076 0.085613 | 1.93E-03 1.74E-03 | 7.72586 0.016923 | 8.45E-03
2 2 0.020652 | 0.103436 | 2.01E-03 2.05E-03 | 6.80905 0.023974 | 9.02E-03
3 3 0.020323 | 0.134237 | 1.97E-03 2.42E-03 | 5.43662 0.037206 | 9.05E-03
4 4 0.020096 | 0.13288 1.88E-03 2.43E-03 | 5.09704 0.03834 8.80E-03
5 5 0.018454 | 0.474522 | 1.64E-03 4.25E-03 2.76761 0.121986 | 0.010475
Difference [(StudioSC-SCStd)/SCStd]
Difference | 1 -54% -55% -42% -44% -35% -55% -44%

2 -54% -56% -40% -43% -34% -56% -40%

3 -55% -58% -36% -39% -32% -58% -35%

4 -54% -58% -35% -38% -31% -58% -37%

5 -55% -62% -32% -35% -33% -60% -35%
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H_late1800_Case4

ScaleChem Std

Pressure | CACO3 CACO3 CASO4.2H20 CASO4 FEIICO3 BASO4 NACL SrSO4

solid
psia mg/L pST pST pST pST pST pST pST
1799.89 0 0.074 2.32E-03 1.53E-03 | 7.72E-03 | 14.906 0.038 8.31E-03
2135.87 0 0.088 2.45E-03 1.84E-03 | 0.012 13.125 0.038 9.55E-03
2299.86 0 0.127 2.80E-03 2.51E-03 | 0.025 11.424 0.038 0.012
4526.72 0 0.131 2.57E-03 2.74E-03 | 0.033 9.617 0.037 0.012
7499.54 1.478 1.023 2.22E-03 5.99E-03 | 0.254 3.82 0.035 0.014
Studio SC

Locations CaCo3 CaS04.2H20 CaS0O4 FeCO3 BaSO4 NaCl pST | SrSO4

pST pST pST pST pST pST

1 1 0.040734 | 1.64E-03 1.05E-03 | 4.33E-03 | 12.0564 0.020594 | 5.91E-03
2 2 0.048138 | 1.66E-03 1.20E-03 | 6.71E-03 | 10.0064 0.020651 | 6.49E-03
3 3 0.067613 | 1.83E-03 1.59E-03 | 0.012828 | 8.19949 0.020666 | 7.81E-03
4 4 0.067662 | 1.73E-03 1.78E-03 | 0.01647 6.93876 0.020202 | 8.27E-03
5 5 0.474522 | 1.64E-03 4.25E-03 | 0.121986 | 2.76761 0.018454 | 0.010475
Difference [(StudioSC-SCStd)/SCStd]
1 -45% -29% -32% -44% -19% -46% -29%
2 -45% -32% -35% -44% -24% -46% -32%
3 -47% -35% -37% -49% -28% -46% -35%
4 -48% -33% -35% -50% -28% -45% -31%
5 -54% -26% -29% -52% -28% -47% -25%
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H_late1800_Case3

ScaleChem Std

Pressure | CACO3 solid BASO4 | CACO3 | CASO4.2H20 CASO4 | FEIICO3 | SRSO4 | NACL
psia mg/L pST pST pST pST pST pST pST
1799.89 |0 11.01 0.15 0.00 0.00 0.03 0.01 0.04
2118.87 0 9.71 0.19 0.00 0.00 0.04 0.01 0.04
2609.84 |0 7.58 0.27 0.00 0.00 0.08 0.01 0.04
4135.75 0 6.67 0.27 0.00 0.00 0.08 0.01 0.04
7499.54 1.478 3.82 1.02 0.00 0.01 0.25 0.01 0.04
Studio SC

CACO3 solid BaSO4 | CaCO3 | CaSO4.2H20 CaSO4 | FeCO3 SrSO4 | Nacl

mg/L pST pST pST pST pST pST pST
1 0 7.87 0.08 0.00 0.00 0.02 0.01 0.02
2 0 6.95 0.10 0.00 0.00 0.02 0.01 0.02
3 0 5.56 0.14 0.00 0.00 0.04 0.01 0.02
4 0 4.95 0.13 0.00 0.00 0.04 0.01 0.02
5 0 2.77 0.47 0.00 0.00 0.12 0.01 0.02
Difference [(StudioSC-SCStd)/SCStd]
1 -28% -47% -35% -37% -47% -36% -45%
2 -28% -48% -34% -36% -48% -36% -46%
3 -27% -49% -30% -33% -50% -29% -46%
4 -26% -50% -29% -31% -50% -27% -46%
5 -28% -54% -26% -29% -52% -25% -47%
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H_late1800_Caseb

ScaleChem Std

Pressure | CACO3 | BASO4 | CACO3 CASO4.2H20 | CASO4 FEIICO3 NACL SRSO4
psia mg/L pST pST pST pST pST pST pST
1799.89 | O 22.02 0.06 0.00 0.00 0.00 0.05 0.01
2305.86 | O 17.16 0.07 0.00 0.00 0.01 0.05 0.01
2499.85 | 0 14.71 0.09 0.00 0.00 0.01 0.05 0.01
4469.73 | O 13.69 0.09 0.00 0.00 0.02 0.04 0.01
7499.54 | 14.665 | 4.16 1.25 0.00 0.01 0.31 0.04 0.02
Studio SC

CACO3 | BaSO4 CaCo3 CaS04.2H20 | Caso4 FeCO3 SrSO4 NaCl

mg/L pST pST pST pST pST pST pST
1 0 18.03 0.03 0.00 0.00 0.00 0.01 0.02
2 0 13.34 0.03 0.00 0.00 0.00 0.01 0.02
3 0 10.57 0.04 0.00 0.00 0.01 0.01 0.02
4 0 9.08 0.04 0.00 0.00 0.01 0.01 0.02
5 0 2.76761 | 0.474522 | 1.64E-03 4.25E- 0.121986 | 0.010475 | 0.018454

03

Difference [(StudioSC-SCStd)/SCStd]
1 -18% -52% -33% -37% -49% -88% 150%
2 -22% -53% -35% -38% -52% -88% 142%
3 -28% -54% -38% -41% -53% -86% 106%
4 -34% -55% -41% -44% -56% -84% 69%
5 -33% -62% -32% -35% -60% -74% 15%
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Case #14 - Course Scenario-Dec31.2009

This file contains the output of chapters 2 and 3 of the ScaleChem Course Scenario. This scenario contains a high CO2 content gas and a brine at
moderate temperatures and pressures. The main comparison is the CaCO3 scale tendency.

& ScaleChemn - [Case #14 - Course Scenar
& Eile Wells Analyses Calculations

D & 28 4]
E--E@ ScaleChem Objects
EI& Bathos

- Bathos_P-132 Bi
H m = w

...... = P-132_Scale Scenario

% File Edit Streams
O
Mavigator L o+ x
Analyzer3tudion

Calculations

TN

G OUARalyzer - [Case #14 - Course Scenario - Dec31 2009%]
Chemistry  Tool

Case#14 - Course Scenario -

&f‘ Streams
&% P-132_Gas
w| P-132_Scale_Scenario

. Tl Bathne P-127
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ScaleChem Std Screen - Brine Analysis
Settings - Expanded List, Na/Cl Balance, Equilibrium

Brine Analysis Data - Bathos_P-132

' Description  Species |Sumn'|ary|

— Analysis View Species Display Species List———
” Orginal " Balanced % Reconciled ’7 * Formula © Name ’7 " Standand
Cations | g/l Anions | sl | New
Ma+1 1801.807 |CI-1 3200.054
Ca+2 250001 |504-2 16,000
Mg+2 35.000 |HCO3-1 217.001
Sr+2 15.000
Ba+2 0.300
Fe+2 2100
Variable Units Measured | Calculated | FEELTEELT)
Ambient Temperature “F 77.000 77.000 | Equilibrium C
Armnbient Pressure psia 14,696 14696 Update B
pH pH units 0.000 7.642
Alkalinity as HCO3-, mg/L 0.000 214875 -
Density glce 1.001 1001 _ Units |
Total Dissolved Solids mg/L 5537.263 5537.263
Electrical Conductivity 1/chm-cm 0.000 9.86e-003

Variable ScaleChem Std Studio ScaleChem

pH 7.642 7.64

Alk 214.9 214

Balance ion Na+ Na+

Balance Value | 301.8 301.8

Density 1.001 1.00089

Saturated CaCO03, FeC0O3, SrCO3 | CaCO03, FeCO3, SrcO3
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Studio ScaleChem Screen - Brine Analysis
Settings - Expanded List, Na/Cl Balance, Equilibrium Reconciliation

& Description &% Design IE Fleport|
= Summary
-
E‘ [Harshic _ ‘ ek | Balanced Entry Options User Choice Charge Balance
I.E Cations (maiL) Units mafL ) Cation:  Sodium ion(+1)
= ~ Sodium ioni+1}) 1500.00 | 1801.77
E ™ Calcium ion(+2) 250.000 | 250.000 Display | Display Name b Cation Charge:  0.0810235 eq/l
™ Magnesium ion(+2) 35.0000 | 35.0000 ] Anion Charge: -0.0941498 eg/L
| Show Mon-zero Onl
I Strontium ion(+2) 15.0000 | 15.0000 : v Imbalance: -0.0131263 eall
[nd Show Balanced Column
2= ‘Ba”'fm "1;“2) U;Sgggg u.za?gggﬁ 301,773 mgiL of Sodium ion(=1)
2 ron lon(+2) g g is needed to balance.
g Template Manager
u:" Anions (mgiL) Last Applied: None Isothermal Calculation
I” Chioride ion(-1) 3200.00 | 320000 Phase Amounts
™ Sulfate ion(-2) 16.0000 | 16.0000 Aqueous  1000.88 g
™ Bicarbonate ion(-1) 217.000 | 217.000 Save as... Vapor 009
Solid 00g
Neutrals (mgiL) Balance Options ZndLiguid 0.09
‘ Type Makeup Ion - Agueous Phase Properties
pH 7.54188
lonic Strength  1.82885e-3 molmol
Density 1.00089 g/cm3
ii Summary
;_" Reconciiation Options User Choice Charge Balance
= _ Cation:  Sodium ion(+1
ﬁ Recondiation Type @) Equilibrium Calculation 1)
g ) CO2 Fraction in Gas Calculate @ | Cation Charge: 0.0810235e
() pH Alkalinity Recondle Anien Charge:  -0.0941498 &
1 Imbalance: -0.0131263 eglL

[ Allow solids to form

301.773 mg/L of Sodium ion(+"
is needed to balance.

Properties Measured Calculated
Temperature (*F) 77.0000 Isothermal Calculation
Pressure (psia) 14,6950 Phase Amounts
oH - Aqueous 00 764188 Vame ;.gugu.sa g
Alkalinity, Measured - Agueous (mg HCO3/L) 0.0 214.018 Solid 00g
Density - Aguecus (g/cm3) 1.00100 1.00089 2nd Liguid 0.0g
Elec Cond, specific - Agueocus (mho/m) 0.0 0.985482
Total Dissolved Solids (mg/L) 0.0 553717 Agueous Phase Properties
Composition Adjustments pH 7.64188
Add Charge Balance (mg/L Sodium ion(+1)) ] 301.773 lonic Strength _ 1.82835¢-3 mi

Density  1.0008% afcm3



ScaleChem Std Screen - Scale Scenario
Settings — One Brine, One Gas, five conditions, three scales

Scaling Scenario - P-132_Scale_Scenario

I Description Componerts |Cor1d'rtior15 I Precipitates I Calculate I Results I

Inpit

Type Name |

Amount

Brine
Gas

|~

=

Bathos_P-132
P-132_Gas

=
=l

Description I Components  Conditions I Precipitates I Calculate I Resutts I

1000.000
400.000

Temperature ‘F Pressure psia Description

| 160 000 j| 1000000 |welhead | Urits |
Selected Conditions

1 160.000 1000.000  Welhead Add

2 160.000 1300.000 Midwell =

3 130.000 2700.000 Midwell

4 150.000 200000  FBHP ﬂl
[ 210.000 3700.000 Reservoir

Description I Components I Conditions ~ Precipitates |Ca|culate I Results I

Chosen precipitates:
CaCo3 (Calcite)
Ca504 2H20 (Gypsum) Sr504 (Celestite)
CaS04 (Anhydrite) BaS04 (Barite)
FeCO3 (Siderite) Add s
Mg(OH)2 (Pyrochroite)
=17 .

o 2 i Scaling Scenario =
0.080- [ 0.01360-| 3 0108
0.075 | 001350 0.104

0.0130- 0102
0.070|
001330 [ [T
0.085 |
001320 L =
0060 o | -0 096
-0.094
0055 0 g1z00-
0092
0.050-| 0.01290-| -
-0.090
| 0.01220-)
OEB -0.028
001270
0.040 | 0,085
001280 [
0.035 | D@D
001250 [ Iy
0.020 |
0.01240-| - o080
0025 0 g1zz0- 0078
0.020- 0.01220 - - - - - -~ ploors
10000 15000 2000.0 2500.0 30000 35000 <4000 .0

Fressure, psia

M 01 CACOS pScalTend 02 BASO4 pScalTend W03 SRS04 pScalTend

Solids Selection —
£ Standard
& Expanded
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Studio ScaleChem Screen - Scale Scenario
Settings — One brine, one gas, five conditions, three scales

£

Description Design |ﬂ Plot | | Fleportlg File \.I’iewer|

% Type Name Flow
= Brine (bbliday} Bathos_P-132 1000.00
W Gas (std Mft3/day) P-132_Gas 400.000
saalarts
Description Design @ Plutl & Repunlg File Viewer
-
™ Location Temperature (°F| Pressure (psia) | Drop Solids
=2 Welhead 160.000 1000.00 ]
- Midwell 160.000 1800.00 []
b = Surmrnar;
Midwel 180.000 2700.00 [ | = y
FBHP 180.000 3200.00 L Unit Set
‘e Reservoir 210.000 3700.00 O Based
Description Design @ F'Iotl[g Repoﬂlg File Viewer
Solids Selection
=[] Standard
| Sodium chloride Summary

s 2 TConditions/lnIets

=
=3

0.08

007

0.06

0.05

0.04

Dominant Scaling Tendencies

Calcum sulfate dihydrate
] 1ron(iT) carbonate
Strontium sulfate

Barium sulfate

O calcium sulfate

..]w] Calcium carbonate (caldte)

T T
L ——Barium sulfate [] T ]
—&—Calcium carbonate (calcite) []
F —m—Strontium sulfate [] .
(3 - g
.- ) ]
.
~ o«
L - - ]
-~ _
R
L _— ]
— d * 1
e < @ 7 >

Scenario Locations

Unit Set
Base

Scale 5
Calculat



ScaleChem Std

Pressure BASO4 CACO3 SRSO4 CASO4.2H20 CASO4 FEIICO3 NACL
psia pST pST pST pST pST pST pST
1000 0.10 0.06 0.01 0.00 0.01 0.05 0.00
1800 0.11 0.04 0.01 0.00 0.01 0.03 0.00
2700 0.09 0.05 0.01 0.00 0.01 0.04 0.00
3200 0.09 0.05 0.01 0.00 0.01 0.05 0.00
3700 0.08 0.08 0.01 0.00 0.01 0.07 0.00
Studio SC

BasO4 CaCo3 SrSO4 CaS04.2H20 Caso4 FeCO3 NaCl

pST pST pST pST pST pST pST
1 0.10 0.05 0.01 0.00 0.01 0.04 0.00
2 0.11 0.03 0.01 0.00 0.01 0.03 0.00
3 0.09 0.04 0.01 0.00 0.01 0.03 0.00
4 0.09 0.04 0.01 0.00 0.01 0.04 0.00
5 0.08 0.06 0.01 0.00 0.01 0.05 0.00
Difference [(StudioSC-SCStd)/SCStd]
1 0% -14% 4% 0% 0% -15% 0%
2 0% -21% 3% 0% 0% -22% 0%
3 0% -22% 4% 0% 0% -23% 1%
4 0% -23% -3% 0% 0% -25% 0%
5 1% -24% -3% 0% -3% -24% 0%
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Case #15 - FeS

This file contains one Brine Analysis, one Saturation, and one Scaling for a fluid saturated with FeS and CaCO3 in a gas containing relatively high
concentrations of CO2 and H2S. This is a high TDS brine with high concentrations of organic acids and borates. The saturation calculation
appears to work properly in ScaleChem Std. the Saturation calculation failed to converge in Studio SC.

) OLlAnalyzer - [Case #15 - Fe5]
EIE”E Edit Streams Calculations Chemistry

0= & 7 N2
& ScaleChem - [Case #15 - FeS.sca] _
Mawvigator L - X A
& File Wells Analyses Calculations AnalyzerStudio? &,
[ |ﬁ|n| @ 7 |k9| M ™ Case #15-Fe3® Description | Q|

=g ScaleChem Objects Brini "'.:i.'lI

T m .l Scalingl Mame:  Streams

..... Ii" S.ca“ngl Brine ----- i Saturatel

" 4 Saturatel Type H Brinel e .
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ScaleChem Std Screen - Brine/Gas Analysis
Settings — Non-zero List, Na/Cl Balance, Equilibrium

i v DS

Description  Species | Summary I
Analysis View Species Display Species List
’7 @ QOrginal ¢ Balanced (" Reconciled ‘ ’7 @ Fomula ¢ Name ’7 @ Standard (" Expanded (" MNon Zero
Cations | mag/L | Anions | mag/L | Neutrals | mag/L
Ma+1 36541000 Cl-1 78140.,000 C0O2, ag 0,000
K+1 1414000 |504-2 236.000 |H25, aq 0.000
Ca+2 942,000 |HCO3-1 360.000 | |5i02, aq 0.000
Mg+2 253.000 | |B(OH)4-1 231000 |B(OH)3, ag 0.000
Sr+2 26000 |H5-1 5.000
Ba+2 1000 |caH302-1 540,000
Fe+2 10.000
Variable Units Measured Calculated | Reconciliation Type
Ambient Temperature “F 77.000 77000 |Equiibriom Caloulation =l
Ambient Pressure psia 14.696 14696 [~ Update Brine with results
pH pH units 0.000 8.613
Alkalinity as HCO3-, mg/L 0.000 729.290
Density g/cc 1.000 1085 _ Units |
Total Dissalved Solids mg/L 118799.000  118799.000 Balance
| Electrical Conductivity 1/ohm-cm 0.000 0.160 .

Settings — Standard gas, no water saturation

Gas Analysis Data - Gar‘

Description  Composition | Dew Paint I Sumrnar'_.fl

Gas | Mole/Vol % | ‘[;';SP'E"V_
Water 0.250 by For
Nitrogen 0,000 " by Na
Carbon dioxide 0.800
Hydrogen sulfide 0.010
Methane 95940 [ Gases Dis
* Show
" Show
" Show
Total Percent 100.00
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Studio ScaleChem Screen - Brine/Gas Analysis
Settings - Expanded List, Na/Cl Balance, Equilibrium

i
Description Design | & Report
e
;‘ Recondliation Options
LE Recenciliation Type (@) Equilibrium Calculation
g (:j CO2 Fraction in Gas Celmiks o |
() pH Alkalinity Reconcile
o [ Allow solids to form
c
< Properties Measured Calculated
= Temperature (°F) 77.0000
Pressure (psia) 146560
pH - Agueous 0.0 8.61255
Alkalinity, Measured - Agueous (mg HCO3/L) 0.0 704293
Density - Aqueous (g/icm3) 1.00000 1.08461
Elec Cond, specific - Aguecus (mho/m} 0.0 15.9666
Total Dizzolved Solids (mg/L) 0.0 0.0
Composition Adjustments
Add Charge Balance (mg/L Na+1) | 12285.6

Settings — Expanded gas, water saturation ON and USED

&

Component Normalized
H20 0.250000
- Group1: 100.000 (mole %)
coz 0.800000
H2S 0.0100000
CH4 53.9400

Calculate &8 |

Condition

Conditions Value
Temperature (°F) Tr.0000
Preszure (p=ia) 14,6960

Show Mon-zero Only




ScaleChem Std Screen - Saturate Studio ScaleChem Screen - Saturate

] i

Description Compenents |Cond'rlion5 I Saturation I Calculate I Results I =
Description
Input
Type MName | Amount | Units ..z Type Name Flow
_[Brine  [~|Brinal | 24.000 bbl/day = Brine (bbliday) Brine 240000
_|Gas x| Gas =l 1600.000 lescf/day Gas (M ft3/day) Gas 1600.00
Saturtion sty - ot — o
Description | Components ~ Conditions |Sat|.||E|tior1 | Calculate | Resuts | ComRion= ane
Temperature (°F} 170.600
Temperature °F Pressure psia Description Pressure (psia) 4180.00
BENEN | 61135360  [suface | Units =
Selectad Conditions Description Design | &l Report | LI File Viewer
[ 170.600 4160000  surface | Add

Serton sty - St ——

Description I Components I Condttions ~ Saturation ICaIcuIate I Results I

Available solids: Chosen solids: Solid [Inflow to !
NaCl (Halite) FeS (Pymhotite) [FENCLZ]

CaS04.2H20 {(_.':Ypsum) CaC03 (Calcite) [automatic]
Specify inflow to vary !
— Solid Inflow
Fes FeCl?
Saturate Solid by Varying Caco3 Caco3
Fes (Pyrrhotite) FEIICLZ
CaCd3 (Calcite)

47



ScaleChem Std Screen - Scale Scenario
Settings —Gas+Brine, five conditions, all standard scales

g scenane - i

Description Components |Conditicr15 I Precipitates | Calculzte I Results |

Input

Type
| Brine -

Gas

| Gas

g Scenao - g

[ Description | Components Conditions I Precipitates | Calculate | Resutts |

Mame | Amount Units
= 24,000 bbl/day
- 1600.000 kscf/day

| Temperature °F Pressure psia Description
| [284.000 I 8817.600 ISepalEltor ;I Units
Selected Condtions

1 130.000 1700.000 wellhead Add
2 140.000 600.000 Separator
3 157.000 3100000 Michwell Remave
4 165.000 3500000 Bottomhole —
5 170.600 4160.000 reservoir

Available precipitates:

KCI {Sylvite)

Mg{OH)2 (Fyrochroite)
CaClz

CaClZ. 1HZO
CaCl2.2HZ0

Call2 4HZ0

Call2 6HZ0
Ca3(B0O3)2

SrC03 (Strontianite)

Add > |
Add All = |

<< Remaove I

_Desc:'ip_:t_ion I Components I Conditions ~ Precipitates |Calcula1e | F{esuhsl

Chosen precipitates:

MNaCl (Halite)

CaCo3 (Calcite)

CaS04 2H20 (Gypsum)
CaS04 (Anhydrite)
Sr50d (Celestite)
Ba504 (Barite)

FeC03 (Siderite)

FeS (Pyrhotite)

Fes (Mackinawite)
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Studio ScaleChem Screen - Scale Scenario
Settings — Conversion is the same

4

Inlets

Type Name Flow
Brine (bbliday) | Brine1 24.0000
Gas (Mft2/day) | Gas 1600.00

<zelect=

P —

Conditions

Solids Selection

Standard
BaSO4
CaCo3
Cas04

----- CaS04,2H20
..... FECDS
..... FES
MaCl
Srs04

Location Temperat| Pressure | Dre
Separator 140.000 &00.000 [
welhead 130.000 1700.00 [
Midwel 157.000 3100.00 [
Bottomhaole 165.000 3200.00 [
reseryoir 170.600 4160.00 [
<Enter Location Hame




ScaleChem Std

Pressure FEIIS FEIICO3 pH CACO3 CACO3 FeS pST | CO2 aq H2S, aq Hac, vap Water rate Gas rate
pST pST mg/| pST (mg/1) (mg/1) (molfx) I/hr I/hr

1700 1.16 1.57E-03 5.91 0 0.67 291.448 8.886 2.48E-08 159 17799

600 3.34 4.62E-03 6.16 204 2.29 129.616 4.232 1.87E-08 154 54311

3100 1.11 2.01E-03 5.89 0.88 341.655 10.222 5.46E-08 159 10621

3800 1.03 2.04E-03 5.88 0.93 362.38 10.651 6.85E-08 159 9090

4160 1.00 2.10E-03 5.88 1.00 370.518 10.79 7.51E-08 159 8558

StudioSC

1 0.84 1.16E-03 5.84 0 0.37 0 3.18E+02 9.52E+00 2.45E-08 200 15848

2 2.50 3.54E-03 6.21 41 1.20 0.04035 | 1.42E+02 4.53E+00 1.40E-08 196 48364

3

3 0.83 1.54E-03 5.81 0.46 0 3.71E+02 1.08E+01 5.50E-08 200 9457

4 0.78 1.59E-03 5.80 0.49 0 3.93E+02 1.12E+01 6.94E-08 200 8093

5 0.78 1.66E-03 5.80 0.52 0 4.01E+02 1.14E+01 7.62E-08 200 7620

Rel Difference

1 27% 26% 1% 45% -9% -7% 1% -26% 11%

2 25% 23% -1% 80% 47% -9% -7% 25% -27% 11%

3 25% 23% 1% 47% -8% -6% -1% -26% 11%

4 24% 22% 1% 47% -8% -6% -1% -26% 11%

5 23% 21% 1% 100% 48% -8% -5% -2% -26% 11%

49




Case #16 - C-OP1

This file contains one brine, one oil and one scale scenario. The oil phase includes pure components up to C40 (the maximum in ScaleChem).

addition, the starting pressure is 11000 psia (758bar). The oil phase density differed between the two calculations. Also the PVT curve
calculator and plot needs to be created manually. This is not a problem since it does not affect the scale calculations.

(3 OllAnalyzer - [Case #16 - CO-P¥]

Efile Edit 5Streams Calculations  Chemistry  Tools
& ScaleChem - [Case #16 - CO-P.sca] OE - ? K2
,@, Eile Wells Analyses Calculations Navigator PR
- (]
= ) Analyzerstudio
|:1||Ji'|n| & ?|k'| E*_| _I_*" Case #16 - CO-P* Description | Object ¥
ElE_‘@ ScaleChemn Objects Brin b Streams
. WaterAnalysis G- Oill Mame:  Streams
Tl :
- i | - elfScale
N L SelfScale Type -1 WaterAnalysis o
Description
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ScaleChem Std Screen - Brine Analysis
Settings —Standard, Na/Cl balance Equilibrium

Brine Analysis Data - WaterAnalys

' Description  Species |Summary|

Analysis View Species Display Species Lisgt———
’7(3' Original ~ Balanced ~ Reconciled ‘ ’75' Formula ¢ Name ’7(‘ Standard (" Expanded % |

Cations | mag/L | Anions | mg/L | Neutrals
Ma+1 17292.000] |CI-1 28591000 —
K+l 135200 |so4-2 29,900
Ca+2 717500 |HCO3-1 485.200
Mg+2 240500 | B(OH)M-1 339,610
Sre2 53100 |C2H302-1 195.200
Ba+2 18600 | C3H502-1 22,700
Fes2 1.400
Variable Units Measured Calculated | Reconciiiation Type
Ambient Temperature “F 77.000 77.000 |Equilibn'um Calculation
Ambient Pressure psia 14,696 14696 [~ Update Brine with results
pH pH units 0.000 8.736
Alkalinity as HCO3-, mg/L 0,000 829.062 -
Density glec 1.000 1030 =k |
Total Dissohved Solids mg/L 48122010 48122910 ||
Electrical Conductivity 1/ohm-cm 0.000 00711 ]
Variable ScaleChem Std Studio ScaleChem
pH 8.74 8.74
Alk 829.1 815.5
Density 1.03 1.03
Balance ion Na+ Na+
Balance Value | 235 235
Saturated CaC03, BaS04, FeCO3, CaC03, BaS04, FeCO3, SrC0O3
SrCO3
Notes
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Studio ScaleChem Screen - Brine Analysis
Settings — Expanded List, Makeup(Na=), Equilibrium

7|
&7 Description Design | ] Report
= Surnmary
.
E' ATt = | e | ER User Choice Charge Balance
E Cations (mg/L} Units majL - Cation:  Na=1
= > Na+1 17282.0 | 17527.0 !
E K 135200 | 135200 | Display  |Farmula = Cation Charge:  0.812740 eg/L
I Ca+2 717.500 | 717.500 Anion Charge:  -0.822864 eq/L
™ lige2 Sanco0 angog] L Show Non-zero Oniy Imbalance: -0.0102230 eaiL
I 5re2 53.1000 [ 53.1000 Show Balanced Column 236 027 maiL of Has1
i I Ba+2 18.6000 | 13.6000
c is needed to balance.
g I Fe-2 1.40000 | 1.40000 | Template Manager
= Last Applied: None Isothermal Calculation
Anions (ma/L) _ Phase Amounts
Expanded w7
I cH 28591.0 | 28591.0 Aqueous  1030.40 g
5042 28.9000 | 29.8000 %} Wapor  00g
I HCoa-1 285200 | 485200 g:“j"’l_ - %%9
™ B(OH}-1 339.610 | 339,610 | Balance Options . B
I C2H302-1 196.200 | 186.200 Type Agueous Phase Properties
™ C3H502-1 227000 | 22.7000 pH 8.73590
lonic Strength  0.0150072 mol/m
Neutrals (ma/L) Density  1.03040 g/cmd
| Calc. elapsed time: 2.273 sec
Calculation complete
25.0000°C
1.00000atm
Calculated Alkalinity: 815.483483
= Recondiliation Options
=
[ =
ﬁ Reconciliation Type @) Equilibrium Calculation
= N o
3 = C02 Fraction in Gas Calculate o |
() pH Alkalinity Recondile
[ Allow solids to form
Properties Measured Calculated
Temperature (°F) Tr.0000
Pressure (psia) 14,6960
pH - Agueous 0.0 B8.73590
Alkalinity, Measured - Agueous (mg HCO3L) 0.0 815483
Density - Agueous (g/cm3) 1.00000 1.03040
Elec Cond, specific - Agueous (mhoim) 0.0 7.13871
Total Dissolved Solids (ma/L) 0.0 43357.9
Composition Adjustments
Add Charge Balance (mg/L Na+1) 235027

Notes —



ScaleChem Std Screen - Oil Analysis
Settings — All components on, water sat on, SG=0.85

Qil Analysis Data - O‘Il - -

Description  Hydrocarbons I Reconcilations | H20 Saturation | Summaryl

View Selected Components
Display
Hydrocarbons (C1-C40) & by Formula
Inorganics =
Assay and Pseudo Components by Name
¥ Show non-zero values only
Component Mole % -
6 |i-C5H12 1.735
7 |C5H12 2625
8 |CoH14 4,088
9 |C7/H1G 4194 | —
10 | CBH18 4.579
11 [C9H20 3.678
12 |[C10Hz22 3.590
13 |[C12H26 7.837
14 [CleH34 6.281
15 [C20H42 3999 (=
16 |C25H52 6.693
17 | C30H62 7.940
18 | C40HB2 4,053
19 [(H20 0.051
20 |N2 0.259
21 |Co2 0110 -
Specific Gravity I 0.850 Total Mole % 100.000
o u
500.0-| - .00
aann 085
400.0-f -~
350.0-| - - 0.0
300.0- 265
250.0-
200.0-f - =0
150.0-| - - a7s
100.0-| - -
so0| - 070
0.0 P 065

“apor Fraction

0z 03 03 04 04 05 05 08

07 07

0s

W 041 Temperature, °F [l 02 Specific Gravity
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Studio ScaleChem Screen - Oil Analysis
Settings — H20 Sat Off. Boiling point curve is manually created

&

Description

Design | [ Report

Termperature [°F)

W{aﬂ'\“ay/ Pseudocomponents/Combined

500.0

450.0

400.0
350.0
300.0
250.0
200.0
150.0
100.0
50.0
0.0

Component | Normalized - Calculate o |
Normalized Inflows: 100,00 (mole %)
H20 0.0505013 Condition
CH4 19.0931 Saturate With Mone 1
€28 HEEE Conditions Value
&5 PRI Temperature (*F) Tr.00
S LABITE Pressure (psia) 14654
C4H10 423802
C5H12 1.735M
C5H12 2.625M
CEH14 208302 Show Non-zero Only
CTH1E 219402 | Boiling Point Curve
CoH20 367802
C10H22 3.55002
C12H26 7.83704
C18H34 6.28103
C20H42 3.99902
C25H52 6.69303
CaoHe2 7.54004
C40Ha2 4.05302
N2 0.259001

[ ..__¢_Temperature [F1 'y
—a— Density - Second Liquid [g/lem3] (v'2) ‘l“‘
L L L L L . 1 L

1
=
T B % % %

Vapor Frac. (Apparent) [mole %)

0 R

1
B, 7

1 0.688
1 0678
1 0.658
1 0.658
1 0648
1 0.638

0.628

1 0618
0.608
e

[gworB] pinbry puosasg - Axsusg



ScaleChem Std Screen - Scale Scenario

Settings — One water, one oil, seven conditions, seven solids

Scaling Scenario - SelfScale

'Description  Components |Cond'rtion5| Precipitates Calculatel Hesultsl

Input
Type | Name | Amount Units
_|Brine v|\'\.’aten\?\nalg.rsis LI 100,000 bbl/de
- |ail ~|oil | 1000.000 bbl/dz
Description I Componerts  Conditions | Precipitates I Calculate I Resutts I
Temperature °F Pressure psia Description
[ [ 15000 Lt | Units |
Selected Condttions
1 75.000 15.000 Lift Add I
2 105.000 170.000 Heat Exchanger
3 115.000 3015.000 Wellhead i |
4 125.000 5530.000 Micwell —
5 160.000 6500.000 Midwell
6 180.000 8000.000 BHF Depleated futo Sh
7 204.000 11000000  reservorr —lu o2k
Description I Components I Conditions ~ Precipitates |Ca|culate| Results I
Chosen precipitates:
) CaC03 (Calcite) Solids Selectior
Ca504.2H20 (Gypsum) FeCO3 (Siderite) " Standard
CaS04 {Anhydrite) BaSO4 (Barte)
KOl (Sylvite) 5r504 (Celestite) % Expanded
MglOH)2 (Pyrochroite)
[ ; . Scaling Scenario L
| szo-|7ap - : 5.5 (5500
300
d 72-f---- 5 |5000
280
| 0 N S e e e S T R R A 450.0
A| B2 @ lessasscocaliscamsoasoasdrascascasssdigeasosscassfjasonsommssndpassmass 400 0
| 220
20.0-| 88 ¥ TR e B | 350.0
1 1e0fall T e g 3000
| 16.0)
| 1a0- B2 2500
120 g0 z00.0
| 100
et el 1500
8086 | el 100.0
4.0 |
6.9 -60.0
2.0
o0ols - - - 3 - —pasl-oo
o 20000 40000 B000.0 80000 10000 .0 120000

Pressure, psia

W01 BASOd solid, mg/L. W 02 CACO3 solid, mg/L M 03 CACO3 pScalTend
M 05 pH, aq phase

04 BAS04 pScalTend

Studio ScaleChem Screen - Scale Scenario
Settings - One water, one oil, seven conditions, seven solids

=

Description

Design |g Plot | B Report | 22 File Viewer|

w
=
=
=
=
S
[5]

[} Type Name Flow
‘—ﬁ Brine (bbliday) WaterAnalysis 100.000
W Oil (std bbliday) Oilt 1000.00
«select=
Location Temperature (°F| Pressure (psia) | Drop Solids
Lift 75.0000 15.0000 ]
Heat Exchanger 105.000 170.000
Wellhead 115.000 3015.00 ]
Midwell 125.000 5530.00 ]
Midwell 160.000 §500.00 ]
BHP Depleated 180.000 &000.00 ]
reservoir 204.000 11000.0 ]
Solids Selection
=[] standard

Summary
Surmmary
Unit Set
Based on: S¢
Calcy
Summany

Unit Set
Based on: Scale

Scale Scenario Calc
Calculation not done

CaCO3 Pre-scaling tendency & BaS04 Pre-scalin...

T T T T 600.0
_— CaC03 Pre-scaling tendency - 550.0
& BaS04 Pre-scaling tendency 1 500.0 o
@ CaCo3 - Sol mg/L] (v2) 44600 &
o Ba504 - Sol [mg/L] (v2) d 4000 8
- 3500 @
- 3000 ==
g m
12500 2
{2000 €
-4 1500 w
] =3
- 100.0
- 50.0
0.0
A T T
(%'2; % ¥ v %o/ %
2, %
"o %

Notes — Plots will be different because we are no longer showing

mg/I
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ScaleChem Std

Pressure | BASO4 CACO3 CACO3 BASO4 pH H20 (org),
mg/I mg/I pST pST molfx
15 24 504 32 5 7.3 4.65E-04
170 20 358 7 4 6.7 1.01E-03
3015 20 192 2 4 6.5 9.93E-04
5530 20 143 2 4 6.5 1.03E-03
6500 16 244 3 2 6.4 2.02E-03
8000 0.3 2 54
11000 327 5 1 6.2 3.42E-03
StudioSC
15 23 503 32 5 7.3 4.65E-04
170 20 358 7 4 6.7 1.01E-03
3015 20 194 4 6.5 9.93E-04
5530 20 145 4 6.5 1.03E-03
6500 16 246 2 6.4 2.02E-03
8000 3 0.3 2 5.5
11000 8 327 1 6.2 3.42E-03
Rel Difference
15 0.2% 0.2% -0.3% 0.2% 0.0% 0.1%
170 0.0% -0.1% -0.3% -0.3% 0.0% -0.1%
3015 0.0% -0.9% -1.4% 0.1% 0.0% 0.0%
5530 0.0% -1.5% -1.4% 0.1% 0.0% -0.2%
6500 0.0% -0.5% -1.3% 0.1% 0.0% 0.2%
8000 -10.9% -26.8% -21.6% -0.9%
11000 0.1% -0.2% -0.9% 0.0% 0.0% 0.1%
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Case #17 - GB-M-

This file contains one brine, one gas, one saturate, one scale object and two optional brines and gases. The brines contains several of the
expanded elements, Pb, Zn, Ni, Cu, and Fe(lll). It also contains the anions, nitrate, fluoride, nitrite, and sulfite. Lastly, it contains dissolved silica.
The saturation calculation did not converge to the same initial endpoint between the two software initially. The ScaleChem Std. software did
not have 2™ Liquid on automatically because it had just been installed. Consequently, the gas phase was forced into the Aqueous phase. THe
2" Liquid needed to be turned on manually, and the calculation worked as expected thereafter. This calculation also uses the Advanced button,
in which CaCO3 is saturated by adding Na2CO3 We noticed that the Advanced button no longer included the alternative inflows for fluoride.
This was reported to OLI.

The Saturation calculation failed in StudioSC. If CaF2 is removed from the saturation set, then the calculation converges. This was done in order
to continue with the work. The water saturated gas did not converge in Studio SC. This appeared to be the result of importing a file that was
saved in ScaleChem V2, since the T/P values in the water saturation appeared to be multiplied by the metric to English units conversion, even
though the initial data was in English units. Once this was fixed, the calculation could be computed, although since the hydrocarbon was a
dense phase, there was no water saturation to compute and the saturation option was converted to none.

There are two additional streams that are computed from the last scale calculation. They represent the reservoir gas and brine. These are
transferred to Studio SC, but are not needed since the optional brine/gas/oil has been eliminated. The inputs to the Scale scenario in Studio SC
were therefore changed to include the output of the saturation calculation.

& ScaleChem - [Case #17 - GB-M.5CA] Case #17 - GB-M*
B File Wells Analyses Calculations Tools ﬁf Streams
J +EJ Brine_Sample
+H GE_100BWPD_Mid2_A_catbr

= E@ ScaleChemn Objects
------ T Brine_Sample
----- {%ﬁ; GB_100BWPD_Mid2

+-Tg GB_100BWPD_Mid2_A r_brres
1% GB_100BWPD_Mid2

______ E GE 1E|C|B"v."'|r|:'D Mid2 J:.‘ cathk + ﬁ GB ].UUB"I."'I"F'D Mid2 :':'l. SEtQS
_____ ;::5; GB_100BWPD_Mid2_A_satc + A% GB_100BWPD_Mid2_4_r_grres
& GB00BWPD_Md2A | | e | GB_100BWPD_Mid2_A_r

------ ..l GB_100BWPD_Mid2_A _r - "R GE_100BWPD_Mid2_A
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ScaleChem Std Screen - Saturate
Settings — CaCO3, CaF2 sat,

Selected Conditions

1 276.000 7955.000

bottomhole

Saturation Study - GB_LO0BWPD_MidZ_ A

Description | Components I Conditions ~ Saturation ICaIcuIEne I Results I

Available solids:

MalCl (Halite)
Cas04 2H20 (Gypsum)
aS04 iAnhwdrite)

| EIEW Calw

Chosen solids: Solid [Inflow to Vary]

CaC03 (Calcite) [NA2CO 3]
CaF2 (Fluorite) [automatic]

Brine Flow:

Scale Mineral

MACL
CACD3
CASO4.2H20
CASO4
SRE04
BASO4
CAFZ
KCL
MGOH2
SRCO3
BACO3
MIOHZ2
ZNCO3
CUDOHZ2
CucCo3

Saturation Results:

Inflow Varied

MAZCO3
CAF2

15074

Maximum Scale
mag/L
0.0
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Amount added
mag/L

29041
-64.774

bbl/day

Scaling Tel
bbbl pre-scaling
0.0000 00833
0.0000 1.0000
0.0000 0.00149
0.0000 0.00532
0.0000 0.0033
0.0000 0.8368
0.0000 1.0000
0.0000 0.0004
0.0000 0.0007
0.0000 0.0348
0.0000 0.00032
0.0000 0.0004
0.0000 0.0006
0.0000 0.0017
0.0000 0.0004
Final Value
mag/L
344 45
89.8638
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Studio ScaleChem Screen - Saturate

Settings — The Saturated solids did not transfer

EX

Description Design |[§ Report | L File Viewer

Solid Selection {check solids allowed to form)

=-[7] standard

i[] Bas04
Caco3
-] Cas04
[ caso4.2H20
~[ macl
L[] sran4
#-[£] Expanded
- Al

Select Inflows To Vary

Solid

Inflow

CaCo3

Na2C03




ScaleChem Std Screen - Scale Scenario
Settings — Six conditions, most solids, no special conditions

Scaling Scenario - GE_100BWPD_ Mid2 A r .

Description Components |Condi‘tion5 Precipitates Calculatel Hesuhsl

Input
Type Mame | Amount
Brine |~ | GB_100BWPD_Mid2_~_sathr j 146,000
| Gas | GB_100BWPD_Mid2_A_satgs j 14130.000
Description I Componerts  Conditions | Precipitates I Calculate I Resuits I
Temperature *F Pressure psia Description
I [170.600) I 215.972 Iambieﬂt conditions ;I Units |
Selected Conditions
1 48.000 1799.850 suface Add
2 63.000 2060.873 riser base |__I
3 77.000 14656 ambient conditions
1 148,400 2091872 welheadafterchoke ml
5 217100 5331673 wellheadbforechoke

] 276.000

bottomhols

{ 7999.509
Description | Components | Condtions ~Precipitates |Ca|culate I Results I

Available precipitates:

Chosen precipitates:

BaCO3 (Witherite)
Zn{OH)2 (Sweetite)
ZnC12H20
ZnC12.3H20

ZnBr2 2H20
CuCO3 (Malachite)

PR

CaS04 (Anhydrite)

CaC03 (Calcite)

CaBr2

Call2

5rS04 (Celestite)

Cu{OH)2 (Spertinite)

Ca504 2H20 (Gypsum)

NaCl (Halite)

Mg(OH)2 (Pyrochroite)

NifOH)2 (Theophrastite)
Er

Kl

KCl (Sylvite)
NaBr
ZnBr2

ZnC03 (Smithsonite)
nl1?

<< Remove

<< Remove Al

Solids Seles
€ Stand:

% Expan
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Studio ScaleChem Screen - Scale Scenario
Settings — The scaling solids did not transfer

=

] Type Name Flow
l:' Brine (bbliday) GB_100BWPD_Mid2_a 146.000
1 Gas (Mft3/day) GB_100BWPD_Mid2_a 14130.0
- Location Temperature (*F) | Pressure (psia) | Drop Solids
‘_Il:? surface 43,0000 1799.89 O
i rizer base 63.0000 206087 O
ambient conditions T7.0000 14.65961 O
E wellheadafterchoke 148.400 2081.87 O
- wellheadbforechoke 217100 533167 |:|
-E bettomhole 276.000 7999.51 O

N

<&/ Description | [&¥ Design (il Plot | i Report | LI File View

Inlets

Conditions

Solids Selection

E-5# Standard

- BasO4
CaCo3
Cas04

Macl
Sr304

£ Expanded

E- Al

Cas04.2H20




ScaleChem Std

Pressure | pH CAF2-pST CACO3-pST BASO4-pST CACO3 mg/I BASO4 mg/I CAF2 mg/I
1799.89 5.5 223 0.1 3.4 0.0 13.9 6.9
2060.87 5.6 15.3 0.1 3.2 0.0 13.3 6.5
14.696 6.7 83.2 15.6 5.6 1334 253 121
2091.87 5.6 11.0 0.1 3.0 0.0 13.0 6.1
5331.67 5.6 3.9 0.2 2.1 0.0 9.9 4.3
7999.51 5.8 1.0 1.0 0.8 0.0 0.0 0.0
StudioSC

Locations | pH - Aq CaF2 Pre-ST CaCO3 Pre-ST | BaSO4 Pre-ST | CACO3 mg/I BaS0O4 - Sol CAF2 mg/I
1799.89 5.8 27.1 0.2 3.6 14.9

2060.87 5.8 18.0 0.2 34 14.4

14.696 5.8 16.9 0.2 2.9 13.2

2091.87 5.8 12.7 0.2 3.2 14.1

5331.67 5.8 4.3 0.2 2.2 10.8

7999.51 5.8 1.0 1.0 0.8 0.0

Relative Difference

1 22% 78% 5% 8%

2 18% 61% 6% 8%

3 80% 98% 49% 48%

4 15% 42% 7% 8%

5 12% 39% 5% 9%

6

0%

0%

1%
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Case #18 - S-55

This file contains two brines, one gas and four scale scenario. This is a straightforward case, and was selected for review because the brine
contained high concentrations of organic acids and silica and the gas contained all the hydrocarbons plus ammonia. The scale scenarios are for
different well phases, from early life to late life. No solids were selected in the scale calculations.

The ScaleChem Std default had second liquid off. This created an initial difference in the results between the two software. The 2™ liquid was
turned on, and these are the results that are presented below.

The scale tendency results are consistent between the two software, with the exception of one scenario, Mid2, which shows significant
difference for FeCO3 and CaSO4. However, these solid phases are well below saturation, so this difference is due to the difference of small
numbers, and it does not affect overall decisions about scaling.

A= Case #13 - 5-55.0ad
3..% ScaleChemn Obje ,a.;' Streams

T H_szs -t H_Brine

..... L H_Brine +@ H_Gas

..... L H_Ea.rlj,r -l H_Early

..... L H_Midl -l H_Midl

..... L H_Mid2 -l H_Mid2

..... L~ H_Late g H_Late
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Brine Analyses (two)
Brine Analysis Data - H_Brine

Description  Species | Summary |

— Analysis View Species Display Species List
" Original " Balanced ¢ Feconciled IV * Formula ¢ Name [ (" Standard (" Expanded &
Cations | mag/L | Anions | mag/L | Meutrals |
Ma+1 38248300 |CI-1 63936100 |sio2, aq
Ca+2 2943550 |504-2 10.454
Mg+2 511.741 | |HCO3-1 196.752
Sr+2 253.902 | |CHO2-1 36,000
Ba+2 254,647 | | C2H302-1 264,000
Fe+2 g743 [C3H502-1 143.000
C4HTO2-1 23.000
C5H902-1 15.000
Vanable Units Measured Calculated | Reconciliation Type
Ambient Temperature °F 77.000 77.000 IEquilibrile Caleulation
Ambient Pressure psia 14,696 14696 [ Update Brine with results
pH pH units 0.000 7.006
Allalinity as HCO3-, mg/L 0,000 327.105 -
Density glce 0.000 1p7| | Units
Total Dissolved Solids mg/L 108846189  108846.189
Electrical Conductivity 1/ohm-cm 0.000 0139 -

60

Description

/Racnncila/ Data Entry

Variable | walue | Balanced
Cations (ma/L)
v Na+1 382483 | 384403
I~ Cas2 204355 | 204355
™ Mg+2 511741 | 511.741
I~ Fes2 974276 | 074276
I~ Ba+2 254847 | 254847
I~ 5r+2 253.802 | 253.902
Anions (mg/L)
I~ CH 850361 | 65935.1
I 5042 104539 | 10.4533
I~ HCO3-1 196752 | 195.752
I~ CHOZ2-1 35.0000 | 36.0000
I~ C2H302-1 264.000 | 264.000
I~ C3H502-1 143.000 | 143.000
I~ C4HTO2-1 23.0000 | 23.0000
I~ CSHO02-1 15.0000 |  15.0000
Neutrals (ma/L)
si02 | 270000 |

Data Entry

Reconcile

Recondliation Options

Recondliation Type (@) Equilibrium Calculation
(7) CO2 Fraction in Gas
() pH Alkalinity Recondle

Allow solids to form

Calculate  &@ |

Properties Measured Calculated

Temperature (*F) 77.0000

Pressure (psia) 14 6960

pH - Agueous 7.00641
Alkalinity, Meazured - Aqueous (mg HCO3/L) 319.004
Density - Agueous (g/ml)y 1.07139
Elec Cond, specific - Agueocus (mho/m) 13.8537
Total Dizsolved Solids (mo/L) 0.0

Composition Adjustments
Add Charge Balance (mg/L Na+1) 191.879




Early — Scale Tendencies

Mid1 — Scale Tendencies

Mid2-Scale Tendencies

Late-Scale Tendencies

Pressure | pH BASO4 | CACO3 | CASO4 | FEIICO3 | pH | BASO4 | CACO3 | CASO4 | FEINICO3 | pH BASO4 | CACO3 | CASO4 | FEINICO3 | pH BASO4 | CACO3 | CASO4 | FENICO3
1800 | 5.9 7.6 4.6 | 0.002 09| 53 11.2 0.1 0.003 0.03 | 51 15.2 0.0 | 0.002 0.00 | 5.0 17.2 0.0 | 0.001 0.00
2145 5.8 6.9 5.9 | 0.002 14 | 54 9.8 0.2 0.003 0.04 | 5.1 135 0.0 | 0.002 0.01| 5.1 13.4 0.0 | 0.002 0.01
3030 | 5.8 5.8 8.8 | 0.003 24 | 54 7.6 0.2 0.004 0.07 | 5.2 10.9 0.1 0.003 0.02 | 53 7.1 0.1 0.004 0.04
3825 5.8 5.4 9.1 | 0.003 26| 54 6.7 0.2 0.004 0.07 | 5.2 7.5 0.1 0.004 0.03 | 53 5.2 0.2 0.005 0.06
7500 | 5.4 4.8 57.0 | 0.012 121 | 55 3.7 1.0 | 0.006 025 | 5.4 3.7 0.5 0.007 0.14 | 5.4 3.7 0.5 0.007 0.15

Locations | pH BASO4 | CACO3 | CASO4 | FEIICO3 | PH | BASO4 | CACO3 | CASO4 | FEINICO3 | pH BASO4 | CACO3 | CASO4 | FEINICO3 | pH BASO4 | CACO3 | CASO4 | FENICO3

1 6.2 7.6 4.7 | 0.002 09| 53 11.2 0.1 0.003 0.03 | 5.1 15.2 0.0 | 0.002 0.00 | 5.0 17.2 0.0 | 0.001 0.00
2 6.2 6.9 6.1 | 0.002 14 | 54 9.8 0.2 0.003 0.04 | 5.1 13.5 0.0 | 0.002 0.01| 5.1 134 0.0 | 0.002 0.01
3 6.2 5.7 9.1 | 0.003 25| 54 7.6 0.2 0.004 0.07 | 5.2 10.9 0.1 0.003 0.02 | 53 7.1 0.1 0.004 0.04
4| 6.2 5.4 9.4 | 0.003 27| 54 6.7 0.3 0.004 0.07 | 5.2 7.5 0.1 0.003 0.03 | 53 5.2 0.2 0.005 0.06
5 6.2 4.9 59.7 | 0.012 125 | 55 3.7 1.0 | 0.006 0.25| 54 3.7 0.5 0.007 0.14 | 54 3.7 0.5 0.007 0.15
5% 1% 3% 1% 3% | 0% 0% 2% 0% 1% | 0% 0% 1% 63% 183% | 0% 0% 0% 0% 6%

6% 1% 4% 1% 3% | 0% 0% 2% 0% 1% | 0% 0% 1% 71% 252% | 0% 0% 1% 0% 2%

7% 1% 4% 1% 3% | 0% 0% 2% 0% 2% | 0% 0% 1% 81% 429% | 0% 0% 0% 0% 0%

8% 1% 4% 1% 3% | 0% 0% 2% 0% 0% | 0% 0% 1% 88% 755% | 0% 0% 0% 0% 1%

15% 2% 5% 2% 3% | 0% 0% 2% 0% 1% | 0% 0% 1% 95% | 1928% | 0% 0% 0% 0% 0%
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Case #19 - JF-Res

This file contains One brine, two gases, and two scale scenarios. The Brine analyses are similar, with no difference in the amount of HCI/CO2 required to set the
pH and Alkalinity. The gas analysis however differs. The H20 saturation is not automatically included in SCStd. As a result, the H20 saturation sent to the scale
scenario is 0.528. By comparison, the H20 in the StudioSC is 0.53. This is a small value but it is a reflection of the different way that the two software handles
the saturated water calculation — one is manual adjustment and one is automatic.

There is significant difference in the scaling results between the two software. This is the most severe of the cases observed. It appears to be due to calculations
in water volume. StudioSC computes a water volume that is between 4 and 100 times larger than ScaleChem STd. This data is presented in the table below.

.@. File Wells Analyses Calcu

. Case #19- JF-Res* | || &7
|:h|||i|n| @ ?|h?| _,é #f Streams R
E--E@ ScaleChem Objects E W owell ) ow
B 1 W_well -8 ) W_well) e s g
..... W lw Lol )W well_Prof 1a-1
b= Prof_la-1
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ScaleChem Std Screen - Brine Analysis

Settings —Expanded, Na/Cl, pH&AIlk
] Brine Analysis Data - |_w

.Description Species |Summary|

Analysis View Species Display Species List————
’7(‘ Original ¢~ Balanced {* Reconciled ‘ IVG' Formula  © Name ’7(" Standard (" Bxpanded

Cations | mag/L | Anions | mag/L | Neutrals |
Ma+1 50604380 | Cl-1 131972.400
K+1 1379.983 |504-2 409.995
Ca+2 17599.790 |HCO3-1 190.244
Mg+2 2499.970
Sr+2 733.991
Ba+2 3.300
Fe+2 142.998
H+1 0.273
Variable Units Measured | Calculated |: Reconciliation Type
Arnbient Temperature “F 77.000 77.000 IDH and Alkalinity
Ambient Pressure psia 14,696 14,696 ¥ Update Brine with results
pH pH units 6.000 6.000
Alkalinity a5 HCO3-, mg/L 129.000 128984 |= _
Density glce 1140 1145 Unts |
Total Dissolved Solids mg/L 214537.824 214537824
Variable ScaleChem Std Studio ScaleChem
pH 6.0 6
Alk 128 128.7
Density 1.145 1.145
Balance ion Na+ Na+
Balance Value | 705 705
Saturated CaCO03, BaS04, SrSO4 CaCO03, BaS04, SrSO4
Notes
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Studio ScaleChem Screen - Brine Analysis
Settings — Expanded, Makeup (Na+), pH&AIlk

"

Description | £ Design IE Repun‘

Summary

i Reconcile T Data Entry

= Variable ‘ Value | Balanced, Entry Options
E Cations (mgiL) Units mg/L A
= v Na+1 58900.0 | 596051
® | K- 1330.00 | 1380.00 | Display |Formuia =
(=]
I Ca+2 17600.0 | 17600.0 Show Non-zero Orly
™ Mg+2 2500.00 | 2500.00
3 I sre2 734000 | 734.000 Show Balanced Column
_E I Ba+2 3.80000 | 3.80000
g T Fes2 143.000 | 143.000 | Template Manager
; Last Applied: None
S [Eoanded — ~]
I cH 1.32000e | 1.32000& e z
50432 410.000 | 410.000 Save as...
™ HCO3-1 129.000 | 129.000
Balance Options
Neutrals l‘mgrL) | Type Makeup Ton =
Recondliation Options
Recondilistion Type (7 Equilibrium Calculation
: 02 Fraction in Gas Calulste @ |
@ pH Alkalinity Recondle
[ Allow solids to form
Properties Measured Calculated
Temperature (*F}) 77.0000
Pressure (psia) 14 6960
pH - Agueous 6.00000 6.00000
Alkalinity, Measured - Agueous (mg HCO3/L) 129.000 128.787
Alkalinity end point 4.50000
Density - Agueous (g/cm3) 1.14000 1.14510
Elec Cond, specific - Aguecus (mho/m) 4.80000 20.5989
Total Dissolved Solids (mgiL) 0.0 2.14505eS
Composition Adjustments
Added acidity (mg/L HCL) -26.6070
Add carbonate (mg/L CO2) 43.9790
Add Charge Balance (mg/L Na+1) 705101

Cation:  Na+1

Cation Charge:  3.70322 egiL
Anion Charge: -3.73389 eg/L
Imbalance: -0.0306599 eg/L

705.101 mgiL of Na+1
is needed to balance.

Alkalinity Calculation
Phase Amounts

Agueous 114510 g
Vapor 00g
Solid 00g
2nd Liquid 0.0g

Aqueous Phase Properties

pH 6.00000
lonic Strength  0.0731344 mol/mel
Density  1.14510 a/cm3

Dummarny
Cation: MNa+1
Cation Charge: 3.70322 eq
Anion Charge: -3.73389 eg/
Imbalance: -0.03088939 eq/L

705.101 mg/L of Na+1
is needed to balance.

Alkalinity Calculation

Phase Amounts
Agueous 114510 g
Vapor 0og
Solid 0og
2nd Ligud 00g

Agueous Phase Properties
pH £.00000
lonic Strength  0.0731344 mi
Density  1.14510 g/cm3
Calc. elapsed time: 3.532 sec

Calculation complete

Notes — The results are the same. Nothing new observed



ScaleChem Std Screen - Gas Analysis

Settings — Expanded, H20 Sat On

Gas Analysis Data - | _e_s_g

'Description  Composition | Dew Point I Summar:.rl

Gas | Mole/vol% |-
Water 0.528
Mitrogen 1962 ||=
Carbon dicxide 0,707
Hydrogen sulfide 0.000
Methane 89435
Ethane 4,381
Propane 1.213
i-Butane 0.203
n-Butane 0212 E|

— Display
" by Formula
* by Name

—(Gases Display
" Show standard gas list
% Show expanded gas list

" Show non-zero gases

Gas Analysis Data - ) e s g

" Description I Composition  Dew Point |Summary|

Type of Calculation — Conditions —
culate |
& Saturated water contert! T °F Izﬂg_u
' Wiew Files |
" Dew point temperature P, psia |—4.| =00
" Dew point pressure Units |
Water vapar, Iu_ 52785
vol %
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Studio ScaleChem Screen - Gas Analysis
Settings — Expanded gas, H20 sat on for both

&

-

Inflows

Reconcile

Notes —.

Component Normalize | Reconciled G
H20 0.527852 0.530850
N2 1.96241 1.96236
coz 0.707183 0.707027
CH4 20.4354 20.4329
C2HE 438132 438125
C3HB 121341 1.21339
C4H10 0.202901 0.202900
C4H10 0.312311 0.312309
C5H12 0.118361 0.118380
CSH12 0.108410 0.108410
CEH14 0.133281 0.133280
C7H16 0.253631 0.253630
CaH18 0.172071 0.172070
CaH20 0.0865324 0.0865319
C10H22 0.384922 0.384920

Results are the same

Calculate &8 |

Condition
Saturate With H20 hd
Conditions Value
Temperature (°F) 202.000
Pressure (psia) 4150.00

Show Non-zero Only

Saturated H20 Amount:
0.530860 mole %



S < Scaling Scenario O 0.72 T T T T T —
068 (0.55| 042 0.50 (075 0651 - e o
oee| 0.45 s [270 0_552-_ / ]
064 0.44 065 I e .
052|045 0.42 0.40 |-0.60 § 0513 b - A & " ——an |

c L /_«.'"
_ 0.40 055 B e ) U
Z.:: van| 35| §0_444 __y_cof ) : . -
L L 030 [0.45 _é 0.375 | /' 4
034 .40 @ r _
e R [ ) P § 0306 - _ '! —s—BaS04 [—] ]
P52 25 | 030 020 (020 E 07237; -— - il —&—CaC03 [] ]
050 o2a a5 = S —m—CaS04 []
ol Tea |
049510 15 | 024 0.0 |18 0.099 - L 4
0.44 0.22 0.10 re
042" 020 R P 0'031:%%) :36\0 «‘3}0 :3(9 «I:go% .‘90 ‘If, ‘::3 .‘131:3 ;Es %,
7 u? g 2 3 2 7, 7, )
B g 25000 2800.0 3000.0 32000 34000 soong %‘5\0, E‘)‘fs*, ‘%’o,’ ‘??%,) }ﬁ‘b‘o\,‘,3 Z'15‘% K - ab“’ou3 %{s\,? ‘2300
Fressure, psia
’7l 01BAS04 pSoalTend Ml DZ CACOS pSoalTend M 03 CAS04 pScalTend 04 FENCOS pSealTend Pressure [psia]
M 05 SRS04 pSealTend

ScaleChem Std
Pressure KgMoles (Aq) Water Vol (bbl/day) | pH BASO4 CACO3 CASO4 FEIICO3 NACL SRSO4
3503 119 13 5.2 0.65 0.68 0.52 0.432 0.085 0.45
3490 119 13 5.2 0.65 0.69 0.52 0.435 0.086 0.45
3409 117 13 5.3 0.66 0.71 0.53 0.446 0.089 0.46
3302 118 13 5.3 0.65 0.70 0.52 0.439 0.088 0.46
3198 122 14 5.2 0.63 0.63 0.49 0.405 0.08 0.44
3102 130 15 5.2 0.60 0.52 0.43 0.346 0.069 0.40
2992 142 16 5.2 0.55 0.38 0.36 0.268 0.055 0.36
2890 155 17 5.2 0.51 0.28 0.302 0.199 0.044 0.32
2789 172 19 5.1 0.48 0.19 0.25 0.141 0.035 0.28
2688 189 21 5.1 0.45 0.13 0.208 0.097 0.028 0.25
2577 210 24 5.0 0.44 0.08 0.171 0.064 0.022 0.22
2566 212 24 5.0 0.44 0.08 0.168 0.061 0.022 0.22
2523 226 26 5.0 0.43 0.06 0.147 0.045 0.019 0.20
Studio SC 0
Pressure KgMoles (Aq) Water Vol (bbl/day) | pH BASO4 CACO3 CASO4 FEIICO3 NACL SRSO4
3503 513 60 4.8 0.13 0.020 0.086 0.016 3.22E-03 0.08
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3490 481 56 4.8 0.14 0.024 0.092 0.018 3.64E-03 0.09
3409 383 45 4.9 0.18 0.041 0.119 0.031 5.66E-03 0.11
3302 425 50 4.9 0.16 0.032 0.105 0.024 4.63E-03 0.10
3198 887 103 4.6 0.08 0.006 0.044 0.005 1.16E-03 0.04
3102 2674 311 4.4 0.02 0.001 0.011 0.001 1.55E-04 0.012
2992 5907 687 4.2 0.010 0.000 0.004 0.000 3.66E-05 0.005
2890 9533 1106 4.2 0.006 0.000 0.002 0.000 1.52E-05 0.003
2789 13633 1580 4.2 0.004 0.0001 0.0012 0.0001 7.86E-06 0.002
2688 17990 2081 4.2 0.003 0.0001 0.0007 0.0001 4.69E-06 0.001
2577 22817 2633 4.2 0.002 0.0000 0.0005 0.0000 3.01E-06 0.001
2566 23278 2686 4.2 0.002 0.0000 0.0004 0.0000 2.90E-06 0.001
2523 26665 3072 4.1 0.002 0.0000 0.0003 0.0000 2.24E-06 0.001
Difference

3503 330% 347% 9% 80% 97% 83% 96% 96% 82%
3490 305% 320% 8% 78% 97% 82% 96% 96% 81%
3409 227% 240% 7% 73% 94% 78% 93% 94% 76%
3302 260% 274% 7% 75% 95% 80% 94% 95% 78%
3198 626% 654% 12% 88% 99% 91% 99% 99% 90%
3102 1961% 2037% 17% 96% 100% 97% 100% 100% 97%
2992 4072% 4214% 18% 98% 100% 99% 100% 100% 99%
2890 6037% 6229% 19% 99% 100% 99% 100% 100% 99%
2789 7849% 8076% 18% 99% 100% 100% 100% 100% 99%
2688 9400% 9648% 18% 99% 100% 100% 100% 100% 100%
2577 10778% 11037% 17% 100% 100% 100% 100% 100% 100%
2566 10894% 11154% 17% 100% 100% 100% 100% 100% 100%
2523 11680% 11941% 17% 100% 100% 100% 100% 100% 100%
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Case #20 - SG-A

This file contains two brines, one gas, two oils, one scale tendency, and one facility. The scale scenario and Facilities results were similar with
one exception. The StudioSC Facilities dropped the solids from block 1 to 2, which was not the case in the ScaleChem STd object. However, if
you look at the ScaleChem Std facility, you will notice that the user selected drop solids for the Qil phase and not for the water.

When the Solids removal button is deselected in StudioSC, then the results are sill different. It appears that this facility object in StudioSC

continues to remove the solid phase. However, the results do not indicate that the solids were removed in any way. This has been submitted to
OLI.

¢ OllAnalyzer - [Case #20 - SG-A.o0ad]

& ScaleChem - [Case £20 - 5G-A.sca] 5 File Edit Streams Calculations Chemistry
& File Wells Analyses Calculations Tools Viev D E L !
Navigator - X
D‘ﬁ‘n|J ?h{? M ’*| |“|IE Ca;e#.?D—SG—A.UEId ' | )

&% Streams | Description |

----- # CVT_BCres Welcome to Sca -1y BC 2014 Satwat

----- Td BC sat_wat »> An Oil Phase | #r CVT_BCres

- Inj_Gas_SkA_2014 Try it by @ BC_2014_satQil

..... # BC_2014_satOil
..... Td BC_2014_SatWat
----- |~ BC Interstage_heater_ 2014 | 2 To add data, |
-AMp BC_SInj_2010-17VrSpec_coj Well

»> Better data fit & Inj_Gas_SkA 2014

I—;’ BC_Interstage_heater_2
(- BC_SInj_2010-17¥r5pec
-1l BC sat wat

Combined

CZHE
riHe

The brines and gas analyses are similar between ScaleChem Std and Studio SC. Their results are not presented.
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ScaleChem Std Screen - Oil Analysis

Settings —Pure/Pseudo Comp, Water saturation, density not set

Oil Analysis Data - CWVT_BCres

' Description Hydrocarbons | Reconcilations I H20 Saturation I Sumrnaryl

View Selected Compaonents
Display
Hydrocarbons (C1-C40) € by Formula
Inorganics =
Assay and Pseudo Components @ by Name
v Show non-zero values only
Compenent Mole % ||Z|

3 |Propane 4,216

4 i-Butane 0667 7

5 n-Butane 1797

6 |i-Pentane 0.657

7 |n-Pentane 0.920

8 |Water 0.047

9 | Mitrogen 0.307

10 | Carbon dioxide 1.816 (=

11 |6 1.309

12 |C7 2.440

13 |C8 2.047

14 (39 0.855

15 [C1015 21.098

16 |C1620 0.000

17 |cam 0000

18 | C2837 0.000 E|
Specific Gravity 1.000 Total Mole % 100.000

Descriptionl Hydrocarbon5| Reconcilations H20 Saturation |S|.|mmar)'|

Saturate with H20, at Conditions

T °F I??.D

P. psia |14.656

Saturated |n.mmus Mole %
Value:

Enter conditions, an

optional output name,

and press Calculate.
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Studio ScaleChem Screen - Oil Analysis
Settings — Pure/Pseudo Comp., no Water Sat

Description Design |@ Definition I =] F{epnrt|

=

Component | Value | Normalized Entry Options
Normalized Inflows: 71.35 (mole %) Units
H20 0.0468 0.0486459
cHa 54.242 sazats| oY
C2H8 6.6835 6.68348 Show Non-zero Only
C3HE8 4.2162 421619 .
C4H10 0.6657 0.666728 [#] show Mormalized Column
C4H10 1.7965 1.79849
CSH1Z 0.6556 0.656638 Template Manager
CSH12 09199 0.919807 Last Applied: None
Nz 0.3066 0.306639 AIPC -
coz 1.8156 1.81558

Save &s...

Normalized Pseudocomponents: 28.65 (m

C10M5 21.088 21.0878
c8 1.3093 1.30930
c7 2.4400 2.43599
cs 29473 294728
c9 0.8553 0.855347
Component Value
C1015 21.0580
ci1620 0.0
c2127 0.0
C2837 0.0
C3ge0 0.0
cs 1.30830
cT 2.44000
ce 294730
= ce 0.8558350
[— Thermo Method APLS
(— MNormal Beiling Point (°F) 32.0000
— Specific Gravity 0.785000
— Molecular Weight 118.100

Mormalize Options

B

Entry Uptions

ey

[] Show Mon-zero Only

L 4
; Pseudocomp | Combined 7Alliy /F:eudaco@/"ﬁ'ﬁ{b'{r{a

Description | &¥ Design |[E Repont
- Component | Normalize| Reconciled O ?'If;alcula.t.é o |
g LCalcy
c Hormalized Inflows: 71.35 (mole %)
= Condition
E H20 0.0456459 0.0469056
© CHa 542418 0360491 | Saturate With e b
=iE RS L Conditions Value
A Cate 421619 | 0623575 Temperature (°F) 770000
o CaH10 0.666728 0230956 Pressure (psia) 148960
= C4H10 1.79549 0.880203
a
£ C5H12 0.656638 0.679571
H
o C5H12 0.9198907 116177 " |
Sl MNon-; Qi
EN R 0306839 | 6.53910c-4 e Ron-zere Hly
& coz 181559 | 00583323 | DoingPaintCurve
Add boiling paint curve
LN Normalized Pseudocomponents: 28.65 (mole
m T o = Saturated H20 Amount:
@
‘? : z 0.0469056 mole %
C6 1.30930 2.56643
c7 2.43999 6.38710




Scale Scenario - BC-Interstage Heater

One brine, one gas, one condition, no precipitates, oH: 59 5,205
Scaling Scenario - BC Interstage_heater 2014 v 4 WewEw lonic Strength: 2.0487 0.0344
Brine Density: 1.013 1.01275 g/cc
Description  Compenents | Coneitions | Precipiates | Calculate | Resuts | Oil Density: 0.197 0197 glcc
Input Brine Flow: 1077.9 1077.9 bbl/day
_ Twee | Name | Amount | Unie &t Gas Flow: 0 kscf/day
o fcam s . e Ol Flow: 2316405 231E405  bbl/day
Oil Mole
Components Oil Mole % Components %
H20 1.92052 H20 1.92%
C2H6 6.10161 C2H6 6.10%
Scale Scenario - BC-Interstage Heater C3H8 3.15661 C3H8 3.16%
One brine, one gas, one condition, no precipitates, C4H10 1.10239 C4H10 1.10%
C5H12 0.480691 C5H12 0.48%
= C6H14 0.329681 C6H14 0.33%
Description Design |ﬂ F'Iutl[@ F!eportlg File ¥i Cé 0.254029 Cé 0.25%
c7 0.473408 c7 0.47%
o [T Tyre — - c8 0.571828 c8 0.57%
% """" Brine (bbliday) | BC_2014_Satw 1077.80 c9 0.16596 c9 0.17%
T Oil (bbliday) | BC_2014_satOil 2.30910e5 Summe CH4 78.1562 CH4 78.16%
<select> [ co2 2.336 co2 2.34%
C1015 4.0934 C1015 4.09%
: HCL 1.54E-08 HCL 0.00%
= | Surfﬂc';mt"}" Tegs‘;;aut P'i;::ﬂ"; DrE IPENTAN 0.357691 IPENTAN 0.36%
= . . ISOBUTANE 0.440461 ISOBUTANE 4.40E-03
<Enter Location Name: N2 5.96E-02 N2 0.06%
Scale Mineral Maximum Scale
pre-
Notes — The results are the same there is little difference between pre-scaling scaling
NACL 0.0211 NacCl 0.021139
the two cases CACO3 1.0002 caco3 0.999901
KCL 0.014 KCl 0.014019
MGOH2 0.0006 Mg(OH)2 5.98E-04
SRCO3 0.0965 SrCO3 0.097
BACO3 0.0036 BaCO3 3.64E-03
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Facilities - BC_Sinj_2010-17yrSpec_Copy
Two nodes, one brine, and one gas

— Nodes
£ | MNode Name | Description T, °F P, bar | Ready | Add |
1 [Model 2930 386.0 2
2 | Node2 2030 386.0 [v _Femove |
Units I
—Node1 Inlets
Select one or more brines, oils or gases as input(s) to this node.
Type | Mame | Amount | Add |
Brine = | BC_sat_wat x| 1701000  bbl/day
— Rem
| Gas ~|inj Gas SkA 2014  v| 169834000 kscf/day _ Remove |
__|oil v | CVT_BCres | 194180000  bbl/day Units |
More...
Mode2 Inlets
Select one or more brines, oils or gases as input(s) to this node.
Type | Marme | Amount | Add |
Brinefro.. v |MNodel -|  Calculated | Carry soli... =]
— Rem
Oil from ... LI Model LI Calculated | Drop solids _\fel
Units |
Case CACO3 mg/I CACO3-pST pH
1 280.781 8.54 5.205
2 280.781 8.54 5.205

Notes — the drop solids is turned on automatically in the Node 1.
There is a drop solids in Oil from node, but this should not have
affected the results. There are differences in the scale tendencies
and scale mass.

Facilities - BC_Sinj_2010-17yrSpec_Copy

B A
Description Design |iﬂ, Plot | (@ Report | Lt File ‘.I'iewer|
-
g - -
o ——
; g
B —
=] — Modet Node2
e —
L=
'}
Conditions Value
Temperature (°F) 2530
Pressure (bar) 3850
Type Name Flowr
Brine (bbl'day) BC_sat_wat 1701.00
Gas (Mft3/day) Inj Gas_Sk&_2014 1.69584e5
Oil (beliday) CVWT_BCres 19418.0
Conditions Value
Temperature (*F) 283.0
Pressure (bar) 336.0
Type Hame Flowr
Brine from (bbliday) Nodel Calculated
Qil from (bbliday) Node1 Calculated
<select=
NODE CACO3 mg/! CACO3-pST pH
1 271.5 8.19 5.21
2 8.19 5.21
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Case #22 - SW
This file contains a number of objects, and too many to discuss in detail. Instead, the saturation results will be presented in its own section (and
table) and a select number of random facilities calculations will also be presented.

Saturation Objects - The saturating solids were not automatically selected in any of the eight saturation calculations. Also, several of the
saturation calculations differed. The first saturation calculation differed significantly. This is the case in which gas, oil, brine were added. The
remaining saturation calculations were brine only.

Facilities Objects — None of the facilities objects had solids selected. The solids selected in ScaleChem Std were not transferred during the
importing step. Most of the calculations were similar. These calculations were either brine only and one was brine-oil. There were several
calculations that different significantly between the software. These calculations contained brine, gas, and oil inflows. They also had low brine
flow rates.
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leChem - [Case

b File Wells Analyse: :E
T = Case #22 - SW*
O/SE| S| 2] - swoi_0s
————————— B SWOL_2007 H- Ay SW01_2003 . Case #22 - SW*
E--% ScaleChem Objects - .M SWOL_2005
5 SWoL 17 SWOL_2008 4 SWOL 2007 & Streams
# swol : mﬁfﬁ 3 SWOL_2008 [~ T SWO1_sat
e ety - % SHo1_2009 T SWod_sat
T SWo4 -3 SWO1_2012 i:tt: zmi-ﬁg - T SW03
3 SWOL_sat 4 SWO1_2013 e SWDL_ 2012 Tyl SWO5_satPA
g SWOL_sat ] :mi_lﬂlél . SW'01_2013 E]...m SWOE
g :ﬁ:’:ﬁ : sm4_zogi o3t SWOL 2014 -l SWOS_satPC
b SWO4_sat_oil 3 SW04_2005 3":'; zmj-igi -l SWOT_sat
&> SWO4_sat_gas 3 SW04_2006 - - -l SWOB_sat
5 SWD4_2005 -
3 SWO5_sat A SW05_2011 : - - .
g SWOS5_satPA A SWO5_2012 o SWO5.2010 i-Tal SWOL_sat_brine
ym| SW0s e g\ms:zmg -3 SW05_2011 -l SWO1
. SWO5_satPC 3 SWO5_2014 ;: :ﬁ;—iﬁ G- SWD41
T SWO5_satPC A SWD5_2015 i s = ) E:l'--‘. Sm4_sat_oi|
@ SWO6_sat ..AHe SWOG_2004 - SW05_2014 .
3 SWO7 sat 4% SW06.2005 -3 SW05_2015 [o-# SWO5_satPA_oil
T SWO7_sat e swgﬁ:zggg 13 SW06_2004 - @ SW05_satPC_oil
- SW06 satb . SWO06_2009 3’:'; zﬁzig; -8 SWO7_sat_oil
E zﬁ?sat . SIND7_2002 i":‘t SW06 2009 - SWO61
_satPA_oil ; -
. SWO0S5_satPC_oil x zﬁz_ig; £ SW07_2002 (- SW06_sat_oil
.. SWO7_sat_oil 5 SWO7_2008 -3 SW07_2004 - SWOB_sat_oil
: :ﬁ: . 3 SW07_2010 i:tt: :ﬁ:ﬁg: -8 SWO1_sat_oil
_zat_oi 5 - s
S :’E Sﬁ;“ﬁii .M SWOT_2010 E:la SWo11
Ty SWOS_sat L W07 2016 o SWOT_2012 - SWO51
-8 SWOB_sat ol e SWO7 2018 -3 SWO7_2014 - &F SW04_sat_gas
::‘é _ T SW082002 ix m;ﬁ: ..... 3 SWOL satl
2t S\A.rol:zoos : zﬁz_igg S SWOS:ZUUZ ..... & SWO04_satl
B SWO1_2007 e SW08_2012 o SW0B_2006 | | S SW05_sat
- zﬁl_zoua 3 SW0B_2014 g2y SW0B_2010 | | i & SWO0L_satPCl
1_2009 - §
:tt: SWDL 2010 -S4 SW08_2016 ;:tt zﬁ:‘ﬁii ----- & SW06_satl
. SWOL_2011 -3 SW08_2018 avowe s || F SWOT7_satl
I & SWD1_sat_oil -
..M SW0L 2012 o WO oot b o SWos2018 | | A SWO06_sath
L SWol_zo13 —sat_brne o1 SW04 o = 3 SWO8_satl
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Saturation calculation

There are eight saturation calculations. All inputs except for the saturating solids were converted properly. The results for the first saturation
SWO01, had significant difference because of hydrocarbon flow rate. This was forwarded to OLI for review. The remaining saturation calculations
were similar.

Sat Object Brine Vol Qil Vol Total Na+1 (total) Ca+2 (total) HCO3-1 H20 in Oil pH CaCo3
Moles/hr added

SWO01_sat SC Std 54133 1.7e5 2.36e7 61682 17617 3.01 2.45 4.54 -292
StudioSC 18887 1.57e7 9.40e8 176764 50888 n.r. 1.3 4.34

SWO04_sat SC Std 1057 3.66e5 63181 18018 454.2 5.0 -366
StudioSC 1057 3.66e5 63167 18021 463.6 5.0

SWO05_sat SC Std 1054.8 3.66e5 58531 21457 641 4.82 -421
StudioSC 1054.8 3.66e5 58660 21514 665.5 4.78

SWO06_sat SC Std 1075.6 3.66e5 62084 17704 445 4.92 -362
StudioSC 1075.7 3.66e5 62076 17849 454.4 4.8

SWO07_sat SC Std 1093 3.66e5 61088 17420 437 4.87 -357
StudioSC 1093.2 3.66e5 61077 17563 446.6 4.87

SWO08_sat SC Std 1087 3.66e5 61431 17518 440 4.88 -357
StudioSC 1087 3.66e5 61420 17661 450.2 4.87
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Facilities Calculation
There are fifty facility calculations in the ScaleChem file and the first fifteen facilities were computed. There was little difference for most of the

facility objects. However, several of them produced significant differences;

1) Some of the ScaleChem Std facilities did not converge

2) Some of the ScaleChem Std facilities predicted NaCl solids.

3) Several of the downstream nodes in the same facility were missing the CaCO3 scale mass. This is similar to what was observed in Case
#20.

Secondly, none of the scales selected for precipitation in the ScaleChem facilities objects were imported to the StudioSC objects. Therefore,
users would need to check to be sure that these scales are selected before running the calculation.
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ScaleChem Std Screen - Facilities

Ecilit'les Scaling - SW01_2001

Description Node Manager | Precipitates I Calculate I Results I

— Nodes
# | MNode Name | Description | T,°C | P, psia | Ready | Add |
i ! v
N L L T - E _Femoee |
|3 |MNode3 Flowline 142.0 1305.0 v Units |
1
Rl
—Node1 Inlets
Select one or more brines, oils or gases as inputis) to this node.
Type Mame | Amount Add |
| Brine LI SWOL_sat j bbl/day Remove |
— MNode/ Inlets
Select one or more brines, oils or gases as input(s) to this node.
Type | Mame | Amount | Add |

— Moded Inlets

| Brinefro... | Model
Gas from ... ;I Model
il from ... | MNodel

:I Calculated Carrysoli...:l
;I Calculated | Carry solids

j Calculated | Carry solids

Remove |
Lnits |

Select one or more brines, oils or gases as input(s) to this node.

Type |

MName

| Amount

| Brine fro... j MNode2
Gas from ... j MNode2
il from ... v | Node2

;I Calculated | Carry seoli... j
;I Calculated | Carry solids
;I Calculated | Carry solids

add |
Remove |
Units |

Studio ScaleChem Screen - Facilities

i

Description [&¥ Design @ F'Il:ltl =) Repunlg File Viewer|

g —~ (3
5 £l
E | Moden Node2 Mode2
E
Noﬂ:cllsedu:me Node1 + [V]Separate Gas
Separate Oil
[ Add Mode ] [ Remove Node ] [ Rename Node ] [~ brop Solids
Conditions Value
Temperature ("C) 180.0
Pressure (psia) 149783
Type Name Flow
Brine (bbliday) SW01_sat 5.00000
<sglect=
Mode Input
Node Name _Node2 + [V]separate Gas
Separate Qil
Add Node ] [ Remove Node ] [ Rename Node ] [ rop Solids
Conditions Value
Temperature (*C) 144.0
Pressure (psia) 9106.0
Type Hame Flow -
Brine from (bbliday) Node1 Calculated E|
Gas from (Mft3/day) Node1 Calculated
Qil from (bbliday) Node1 Calculated | —
Mode Input
Node Name Node3 v [[separate Gas
[ separate Gil
Add Node ] [ Remove MNode ] [ Rename MNode ] [ Drop Solids
Conditions Value
Temperature (*C) 142.0
Pressure (psia) 1305.0
Type Name Flow -
Brine from (bbl'day) Node2 Calculated ||=
Gas from (Mft3/day) Node2 Calculated | —
Oil from (bbliday) Node2 Calculated | =

Notes —
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Description I Node Manager Precipitates |Ca|culate I Results I

Available precipitates:

Mg({OH)2 {Pyrochroite)
CaC12

CaC12.1H20
CaCl2.2H20

CaCl2 4H20

CaCl2 6H20

SrCO3 (Strontianite)
BaCO3 (Witherite)
Fe(OH)2 {@morphous)

o I B R

Add |
Add All > |
<< Remove |

=z Ramnwa All I

Chosen preciptates:

CaC03 (Calcite)
MaCl (Halite)
Fe$5 (Pymhotite)
FeCO3 (Siderite)

Case Number

W01 CACO3 pScalTend M OZ FEICO3 pScalTend

B2.0

B6.0

640

620

0.0

520

56,0

540

520

50,0

420

46.0-

440

0€0 080 100 120 140 160 1

a0 200 220

Case Humber

W01 CACOS salid, ma/L

e

Solids Selection

=-[Z standard
[] caso4.2H20

FeCO3
Srs504
BasSO4
Cas04
CaCo3
MaCl
FeS

08 |

06 |

04

02

FeCO3 Pre-scaling tendency & CaCO3 Pre-scalin
=
o
T

0.0

——FeCQ3 Pre-scaling tendency [—]
—&—CaC03 Pre-scaling tendency [—]

0.54

0.486

0.432

0.378

0.324

0.27

Dominant Solid

0.216
0.162
0.108
0.054

00
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Facilities Nodes

—a—CaCo3 [kg/day]
—a—NaCl [kg/day]
—m—FeS [kg/day]
—4—FeCO3 [kg/day]
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Facilities Nodes




Ecilit'les Scalimg - SW01_2003

Description  Mode Manager | Precipitates | Calculate | Resuls |

— Nodes
# | ModeMName | Description | T,°C | P, psia | Ready | Add |
1 |Model Reservoir 175.0 9259.3 |7
2 |Node2 Tubing Head 175.0 9259.3 [v _Femove |
3 |MNode3 Flowline 134.89 1305.0 v Units |
~ Node1 Inlets
Select one or more brines, oils or gases as inputis) to this node.
Type | Marme | Armount | Add |
Brine | 5W01_sat_brine | 500.000  bbl/day
— == Rem
ol | swo4_sat_oil ~| 20000000  bbl/day &l
- Node2 Inlets :
Select one or more brines, oils or gases as inputis) to this node.

Type | Mame | Armount | Add |
__[Brinefro... | Nedel =] Calculated Drop solids = Remove |
| Gasfrom.. LI Model ;I Calculated | Drop sclids
| Qilfrom ... LI Model LI Calculated | Drop solids Units |

— Node3 Inlets

Select one or more brines, oils or gases as input(s) to this node.

Type |

MName | Amount |

Brine fro... ~|Mode2
Gas from ... :I MNode2
Qil from ... *|Mode2

:l Calculated Carrysoli...:l
:I Calculated | Carry solids

;I Calculated | Carry solids

Add |
Remaove |
Lnits |

More...

77

e

@ -
g. ——— ——— E|
w e .
E 2 Node Mode2 Node2
=
=
Mode Input
Node Name Model + [V]separate Gas
Separate Oil
Add Node ] [ Remove Node ] [ Rename Mode ] [¥] Drop Solids
Conditions Value
Temperature (*C) 175.0
Pressure (psia) 9259.29
Type Name Flow
Brine (bblday) SW01_sat_brine 500.000
0il (std bbl'day) 3W04_sat_oil 20000.0
~ Mode Input
MNode Mame  Node2 - Separate Gas
Separate Oil
Add Node ] ’ Remove Node ] ’ Rename Node ] [| prop Solids
Conditions Value
Temperature (*C) 175.0
Preszure (psia) 925929
Type Name Flowr
Brine from (bbl'day) Node Calculated
Gas from (Mft3/day) Node Calculated
Gil from (bbl'day) Node Calculated
Mode Input
Mode Mame Node3 « [ClSeparate Gas
"] Separate oil
Add Node ] ’ Remove Node ] ’ Rename Node ] []prop Solids
Conditions Value
Temperature (“C) 134.89%
Pressure (psia) 1305.0
Type Hame Flowr
Brine from (bbliday) Node2 Calculated
Gas from (Mt3/day) Node2 Calculated
Oil frem (bbl'day) Node2 Calculated
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Facilitie
Node S
Calcula

Surnnnar

Description Design |ﬂ Plot | = Reponlg File Viewer|

Description | Mode Manager Precipitates |Ca|culate | Resuts |
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Facilities Nodes
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—a#—FeCO3 Pre-scaling tendency [—]
—&—CaCO3 Pre-scaling tendency [—]
——CaC03 [kg/day]
—&—MNaCl [kg/day]
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FeCO3 [kg/day]
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Case Humber

W01 CACOZ solid, malL



Results for the first ten facilities objects

SCStd SSC
Facility object Case CACO3 (s), mg/I CACO3(s), mg/I Rel Diff
SWO01 2001 1 46.379 46.3818 0%
2 46.94 0 0%
3 66.242 19.5 0%
SWO01_2003 1 43.838 41.77 -192%
2 0 0 0%
3 35.01 33.74 1%
SWO01_2005 1 56.043 56.0 0%
2 62.52 5.1 0%
3 61.538 0 0%
SWO01_2007 1 59.111 59.1 0%
2 61.004 0.25 0%
3 60.332 0 0%
SWO01_2008 1 60.1 60.1 0%
2 61.004 0 0%
3 60.332 0 0%
SWO01_2009 1 60.852 60.8 0%
2 52.502 0 0%
3 50.499 0 0%
SWO01_2010 1 61.435 61.4 0%
2 52.502 0 0%
3 50.499 0 0%
SWO01_2011 1 61.841 61.8 0%
2 52.502 0 0%
3 50.499 0 0%
SWO01_2012 1 61.804 61.8 0%
2 52.502 0 0%
3 50.499 0 0%
SWO01_2013 1 62.067 62.1 0%
2 42.16 0 0%
3 39.404 0%
SWO01_2014 1 61.698 61.7 0%
2 42.16 0 0%
3 39.404 0 0%

SCStd SSC

Facility object | Case | NaCl (s) mg/I NaCl (s), mg/I Rel Diff
SW04_2003 1 0

2 0

3 35540
SW04_2004 1 0 Did not

b 0 Converge

3 251508
SW04_2005 1 0 Did not

2 43833 Converge

3 252591
SW04_2006 1 0 Did not

2 31858 converge

3 221149
SWO05_2010 1 0 0

2 52.4, 94690 (NaCl) 130.9 150%

3 0 0

4 0 0
SW05_2011 1 0 13.6

2 68.9 137.5

3 0 0

4 0 0
SW05_2012 1 Did Not 18.7

2 Converge 139.7

3 0

4 0
SW05_2013 1 Did not 19.9

2 Converge 140.4

3 0

4 0
SW05_2014 1 Did Not 20.1

2 Converge 140.7

3 0

4 0
SW05_2015 1 0, (870805 nacl) 19.6

2 0, (1570000 nacl) 140.6

3 79.5, (595683 nacl) 0

74.9, (534528 NaCl) 0
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