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Chapter 1: Introduction

Welcome

Welcome to E&P TANK Version 3.0, a software program that predicts hydrocarbon

emissions from production oil tanks. This version of E&P TANK is compatible with both 32-
bit and 64-bit Windows 7 as well as Windows 2000/XP/Vista.

What’s New in This Version

The new capabilities and functions of E&P TANK v3.0 include:

1. Plus Fraction Characterization Algorithm

A flexible plus fraction (C,+) characterization algorithm has been implemented in this

version. Users have the option of inputting inlet streams containing C;+, Cg+, Cg+, Or Cyo+

component groups depending on the data availability from the lab analysis. The fluid is

characterized by employing an exponential distribution function to estimate the composition

profile of the heaviest components and a re-grouping and averaging process to generate the

critical properties for five (5) pseudo-components to represent the plus fraction with carbon

number greater than 7.

2. Updated with the Stream Input Algorithm

Modifications have been made on the existing four (4) options of the stream input.

Low Pressure Qil — This option is used as direct input for emission calculations. In

this case, the low pressure oil from the separator is passed through a flash valve in
which the pressure is reduced. The flash loss is estimated based on the conditions of
the separator as well as the ambient temperature and pressure. A pressure-enthalpy
(P-H) flash calculation is used to take into account the pressure drop. In addition, the
separator temperature and pressure are also required for the calculation of the
specific gravity of flash oil. The characterization of C,+ fraction as described above is

performed prior to the flash calculation.

High Pressure Oil — This option has been updated. An initial calculation is performed
to estimate the composition of low pressure oil. The estimated composition of the low
pressure oil is used in the algorithm for low pressure oil input as described above to
calculate the flash loss and the specific gravity of flash oil.

Low Pressure Gas — This option has been revised. Molar ratios (C;:Cg:Cy:Cy0) are no

longer required as inputs. Instead, the gas-oil ratio (GOR) is a required input to
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generate the composition of high pressure oil through iterative calculations. Once the
high pressure oil composition is obtained, the program uses the procedures
described in the “High Pressure Oil” section are used to estimate the flash losses and
specific gravity of the flash oil.

e Geographic Database — This option is used in the cases where lab analysis is not
available. The existing database remains unchanged from v2.0 and contains 103
cases divided into four geographic regions and classified by sales oil properties (API
and RVP) and separator conditions (temperature and pressure).

3. Mass Balance and Green House Gas Emission Calculations

A mass balance routine is used to calculate and display the emission results for the flash
gas loss, the W/S gas losses, and total emission. The report also displays the uncontrolled
emissions of CO, and CH, separately in addition to total HAPs, total HC, and VOCs (both
controlled and uncontrolled).

4. Monthly Reports

An option has been added to display the results of emission calculations for the production
tanks on a monthly basis to reflect differences in ambient and tank operating conditions from
month to month during the year. Input stream composition and separator conditions are
assumed to be constant and cannot be varied on a monthly basis.

Both the RVP Distillation Column model and the AP-42 model can be used to perform
monthly calculations. If the RVP Distillation Column model is chosen, the required monthly
inputs are ambient temperatures, ambient pressures, and average daily production rates for
sales oil. If the AP-42 model is chosen, the additional inputs required include the monthly
average highest and lowest ambient daily temperatures and the solar insolation factor for
each month based on meteorological data. The emission results based on the selected
months as well as the total emission for the selected time period are displayed in a table
format and can be exported to an Excel file or a text file and plotted for comparison.

5. Modifications to the Graphical User Interface (GUI)
The GUI has been significantly improved to include the new functions and calculation
routines. Specifically, the major improvements include:
o Compatibility with 32-bit and 64-bit Windows 7, and Windows XP operating systems.
e Measurement unit system options — The user may select either English or Sl units or
create his/her own unit system by mixing the two unit systems (for example, bar for
pressure and °C for temperature).

e A choice of either monthly or yearly report display options.
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¢ The ability to export input / output results to MS Excel spreadsheet.

6. Compatibility between Version 2.0 and Version 3.0

The program v3.0 can open a case created by v2.0 and re-save it as v3.0 case which will be
indicated as .ept3 as compared to .ept in v2.0. However, cases saved in v3.0 (.ept3) cannot
be opened or processed by v2.0 software.

About E&P TANK Version 3.0

Petroleum production tank batteries are prevalent within the petroleum industry’s exploration
and production (E&P) sector. Tank operators are required to quantify and report certain tank
emissions. These may include both Hazardous Air Pollutants (HAPs) and Volatile Organic
Compounds (VOCs). The following table shows the types of HAPs and VOCs considered in

this program.

HAPs VOCs

Benzene Methane Octanes

Toluene Ethane Nonanes

Ethyl-Benzene Propane Benzene

Xylenes n-Butane Toluene

n-Hexane i-Butane Ethyl-Benzene
n-Pentane Xylenes
i-Pentane Heptanes+
n-Hexane Octanes+
Hexanes Nonanes+
Heptanes Decanes+

A study previously undertaken by the APl evaluated alternatives for quantifying the
hydrocarbon emissions from petroleum production tanks [1]. The study concluded that direct
field sampling and analysis from each production tank were deemed not feasible from
economic and technical viewpoints. Therefore, development of a computer-based simulator

for estimating emissions was recommended.

The calculation algorithm of this software follows the recommendation of a previous API
study [1]. A steady-state model is used to simulate petroleum production tank operations.
The contribution by flash losses to the total vent from the tanks is calculated rigorously
according to thermodynamic principles. The working and standing losses are simulated

differently depending upon the nature of the tank. For oil production tanks, the working and
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standing losses are represented by a distillation column operation, either of which will
generate a certain amount of vaporization so that the characteristics of the produced liquid
matches the sales oil specifications such as Reid Vapor Pressure (RVP). In addition, a
modified AP-42 method may be used instead of the distillation column method for calculating
working and standing losses from oil production tanks. For storage tanks containing stable

oil or sales oil, the work and standing losses are calculated by a modified AP-42 method.



Chapter 2: Installation and Security Methods

System Requirements

Standalone PC Edition
e 70 MB free hard disk space
e Printer (optional)
e Microsoft Windows 7/XP/2000/Vista
e Microsoft Excel (for option to export)

Network Edition
e Microsoft Network TCP/IP

Installing E&P TANK v3.0

1. Find the .msi file and double click it to start the installation
2. Change the default E&P TANK directory if desired

After installation, the E&P TANK program group will be created. The default installation directory
is: C:\Program Files\API\ EP Tank 3.0.
For further details please refer to the document EP_TanksV3 Installtion Guide.pdf. Which is

can be downloaded by clicking the link.

Note: If there is already a version (including demos) of E&P TANK on your system, please
uninstall the existing version first. For further information on uninstalling, refer to your Microsoft
Windows Help system. Please ensure the regional language settings are English (US or

Canada) otherwise some features will not be accessible.



http://www.eptanks.com/pdf_files/EP_TanksV3_Installtion_Guide.pdf.

Chapter 3: Getting Started
Starting and Exiting E&P TANK Version 3.0

To Start E&P TANK v3.0
1. Select E&P TANK from Program in the Start menu of the Windows Taskbar,

_Or_
Double-click EPTANK.exe file in the installation folder through Windows Explorer.

An introductory screen followed by the welcome window appears.

Welcome to the E&P TANK Program

O

| snd (" Create a Mew E&EP TAME Project

el i

Cancel

{« Open the Last E&P TAME Projeck

B (™ Open an Existing E&P TAME, Project

Welcome to the E&P TANK Program

2. Inthe Welcome to the E&P TANK Program dialog, select appropriate option to open a

new project, the last project, or an existing project and click OK.

Note: The security method must be properly configured to run E&P Tank. To see how to setup

security method, please refer to Chapter 2.
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To Exit E&P TANK v3.0

Do one of the following:
« Click Exit from the File menu.
« Click on the Close Box on the E&P TANK title bar.

« Right click on the E&P TANK title bar and select Close.

Basic Steps to Generate an E&P TANK Project

The basic steps to create a project using E&P TANK v3.0:
1. Open a new project.

2. In the Project Setup window:
. Select a flowsheet and a calculation model
« Specify necessary setup information
« Provide the project information if available

3. Inthe Data Input window, provide inputs via hotspots (devices or flow lines) on the input

flowsheet.
4. Execute calculations.
5. View and print results.

6. Save the project.

Working Environment
The application window of E&P TANK v3.0 can be divided into two main areas:
« Function Palette

. Data Operating Area
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File View Unit Conversion Run Help
DEES a@ddww ¥ ?

Project Description ]
Flowwsheet Selection Model Selection for WS Losses

Fraject Setup m " Tank with Separator v AP-42 [uzes methodologies documented in EFA AP-42)
__ﬁ_ (" Stable Oil T ank. " RYP Distillation Columi
’
[rata Inpuk Known Separator Stream |nfarmation Control Efficiency Calculation Bagis
{+ 1. Low Pressure Ol [w Usze Contol E fliciency & Annual
¥
i 2 High Prezsure Oil " Monthly
' 1
=| |= i 95 [
£ 7 Low Pressure Gas Control Efficiency I
Data Output
" Geographical D atabase
Function
Pal ette Air Injection Component Group
ﬂ G E Select the last Cn+ in stream:
Cl0+ -
. -l

Data Operating Area

The E&P TANK Application Window

Located in the left pane, the Function Palette consists of navigating buttons. Upon clicking on a
navigating button, the Data Operating Area to the right of the Function Palette displays the
corresponding window. There are three operating windows in E&P TANK:

« Project Setup
« Data Input

« Data Output

The Data Operating Area occupies the right pane of the application window. It displays the
corresponding worksheet that you select from the Button Palette. The Data Operating Area is

the main working area where you can input data and view calculation results.
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Default Unit System Selection

The Default Unit System Selection allows the option to work with the English units, the SI Units

or the Customized Units.

- Default Uinit Systemn Selection -
" English Uinits i Sl Units e Customized Linits

Default Unit System Selection

Unit Manager

Select “Unit Conversion” on the primary menu and then “Start Unit Manager...”. The Unit
Manager window is composed of three main sections:

e The default unit system selection

e The parameter tab

¢ The parameter selection on the left corner

The parameter (Pressure, Volume, Temperature etc.) tab, displays the number of Unit Items,
customized units and also a data area where all the conversion parameter values are listed.

Unit Manager - - [ﬁJ
Mo, | Quartiy Default Unit System Selection
1 String ™ English Units Sl Units (¢ Customized Urits
2 -
3 Fressure l Lt Eonversion]
4 Temperature
5 Distance Murmber of Unit Items |7 = Cuztorized Unit | pzia hd
2| DSty Mo [ Unit | A [6_ [ Decimal
1 1 1] 1
8 Mazs
q e 2 MPa 0.00683475653352108 | O 3
10 | Gas 0 Ratio 3 kPa £.59475653952108 a 3
11 | Heating Yalus 4 atm 0.0680459570641113 | O 3
12 | Gas Praduct Rate 5 bar 0.0683475659952108 O 3
13 | Oil Product Rate 5 Pa £894. 75669952108 a 3
14 | Solar Ingolation 7 kgtom™2  0.07030B9578313775 O 3
The first ling iz English unit. The second ling iz S| unit. Custorized units
start fram the: third line. The relation bebween a customized unit and the
Englizh unit is:
Customized_Unit = A * English_Unit + B
Decimals is the number of digits to the right of the decimal paint when data
iz read-only and reprezented in the comesponding unit.
v Apply decimal limit to all data.

ak | Cancel | Set all units to default values | Help |

Conversion Parameters Tab
There are two unit systems available in E&P TANK: English and Sl units. Users may choose to
view data and print projects in either of the units, regardless of which system was used in data

input. To select a unit system, click on the appropriate unit buttons on the toolbar or select from
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the Unit Conversion menu. Besides selecting the unit system, users may select mol % or wt %

from the toolbar or the Unit Conversion menu.

Unit Manager - - ﬁ
No. | Quantity Deffnult it Sj.il"stem Selection
1 Sting " 51 Unitz (" Cuztomized Unitz
2 Pressure
3 Yalume Prezsure  Unit Converzsion l
4 Temperature
A Digtance |'I = |1
G Dengity psia psia
i ' Fron To
8 | Mass psia . WM.
9 Compositian MPa MPa
10 | Gaz Oil Ratio kPa kFPa
11 | Heating Yalue atrn atrn
12 | Gaz Product Rate E_‘;r E_‘;’
13 il Product Rate kg.-"cmAE kg.-"cmAE
14 | Solar Inzolation
0k Cancel Set all units to default values Help

Unit Conversion

To perform unit conversions:
o Select the unit to be converted “from”, by scrolling through the list of units in the “from”
field.

o Select the unit to be converted “to”, by scrolling through the list of units in the “To”

window.

¢ Input the Value to be converted in the white blank area.



Chapter 4: Using E&P TANK Version 3.0

Creating a New Project

When you are starting E&P TANK v3.0:

In the welcome window, select Create a New E&P TANK Project and click OK.

_or_

While you are working on another project, click on the New Project button on the toolbar or

select New from the File menu.

Project Setup

File View Unit Conversion

“&» EBP Tank v3.0 - Untitled. —

(=] B [mesem)

Help

Project Setup

Flowsheet 5election

40

DS EHS &dd % w2
I Poicct Setwp

Configuration | Project Description I

i+ Tank with Separator

" Stable Qil Tank

todel Selection for WS Losse:

f AP-42 [uzes methodologies documented in EPA AP-42)

 RWP Distillation Colurn

D ata Input

Data Dutput

— Known Separatar Stream | nfarmation

1. Law Pressure Oil

3 Low Pressure Gas

" Geographical D atabaze

Contral Efficiency——————————————————

¥ Use Control Efficiency

Control Efficiency |95 %

—Air Injectior

I~ Enter Air Composition for Ain/Gas Injection

Component Grouy

Select the last Cri+ in stream:

|10+ |

Calculation Basis————
i Annual
i Monthly

Project Setup

12
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To Setup a Project

1. On the Configuration tab in the Project Setup window:

a.

b.

Make a Flowsheet Selection

Select a model to calculate Working and Standing (W&S) losses. Regardless of which
model you select in step 2, E&P TANK uses the Peng-Robinson equation of state to
calculate flash loss.

If the flowsheet with separator was selected in Step 1a, select a Separator Stream for
which compositional information is known.

Click to select Control Efficiency and specify the percentage, if desired.
Select Calculation Basis. If “Monthly” is selected, specify which month(s) to calculate.

Make a Component Group selection from the drop-down menu reflecting the last C,+ in
the input stream analytical data.

If you select flowsheet with separator in Step 1a and RVP as calculation model in Step
1b, the Air Injection option will be available for you to specify the daily air injection.

2. Switch to the Project Description tab to enter details about the facility. This information will
help identify the project.

Note:

Once a C,+ group is selected and the characterization is completed, the component

group selection option will be dimmed and changes in the C,+ group will not be allowed.

Data Input

The Data Input flowsheet is object oriented. The flowsheet changes according to your project

setup. Hotspots are colored green in the flowsheet.

Some but not all of the following inputs are required for each project:

Separator

Stable Oil Tank

Stable Oil and Sales Oil
Flash Valve Inputs

Air Injection
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.~ E&P Tank v3.0 - Untitled.E =

File View UnitConversion Run Help
DESES D@ | ¥ 2

Project Setup

L,
Total Emissions

Data Input

Flash Gas

S
Data Dutput § Flash Oil
g -—————>————————————
ﬁ LP.Oll  osh Vaive iy
¥ Sales Oil
| A
Input Flowsheet: Tank with Separator
Separator

Users enter the input data such as separator conditions and detailed compositional data for

separator oil or gas. The input varies according to your selection of Known Separator Stream

Information in the Project Setup window.

Data Input for Low Pressure or High Pressure Oil

If Low Pressure Oil or High Pressure Oil is selected as the known separator stream in Project

Setup, an input dialog similar to the one shown in the following will appear when you click on the

Separator hotspot.
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To input data for the LP/HP Oils:

1. Click on the Separator hotspot on the Input Flowsheet. The input dialog appears.

High Pressure Ol INPUL i
Separator Conditions
B Pressure £ 230 7
Temperature a5.0 F T
C10+ Characterization Compozitions
Component Fraction -~
mole 7
M I/ lbmal = 1 | HeS
oG | nag - 2 | 02 0,000
3 | coz 0.4839
4 | N2 0,000
5 | C1 142971
B | C2 92581 57

Run Characterization | Tatal = 100.00 % Marmalize
ak. | Cancel | Help |

Separator: High Pressure Oil Input

2. Provide Separator Conditions: Pressure and Temperature.

(Note: clicking on the triangular icon adjacent to the unit values allows the user to
modify the units for the associated inputs)

3. Enter the Composition of the low-pressure or high-pressure oil.

4. Provide the characterization properties of molecular weight (MW) and specific gravity
(SG) for the C,+ fraction where n equals 7, 8, 9, or 10 based on the selection made
during Project Setup.

5. Click OK to exit the dialog.

Low Pressure Gas Input

If Low Pressure Gas is selected as the known separator stream in Project Setup, the Low

Pressure Gas Input dialog will appear when you click on the Separator hotspot.

To specify low pressure gas:
1. Click on the Separator hotspot on the Input Flowsheet. The Low Pressure Gas Input

dialog appears.
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Low Pressure Gas Input o

v Separator Conditions

23.0
85.0 F 7

Freszure

Temperature

C10+ Characterization Compogitions
Component | Fraction -
mole % 7
M Ib/lbmal 7 1 | H5
oG | 089 = 2 |02 0.0000
3 | Coz 1.5824
4 | M2 34,4027
5 |11 25,8574
£ | C2 15.2152 4

‘ Total = 100,00 % Mormalize

GOR: Ratio of Separator Gaz and Separator il
Data Type

Molar GOR jeuNilE F
" Molar GOR

" Wolumetnc GOR |

0K | Cancel | Help |

Separator: Low Pressure Gas Input

2. Provide Separator Conditions: Pressure and Temperature.
3. Enter Compositional data for each component.

4. Provide the characterization properties of molecular weight (MW) and specific gravity
(SG) for the C,+ fraction where n equals 7, 8, 9, or 10, based on the selection made
during Project Setup.

5. Select Molar GOR or Volumetric GOR:
If Molar GOR is selected, enter the value in the Molar GOR box.

If Volumetric GOR is selected, click Enter Volumetric GOR and then Enter GOR
dialog appears. Enter volumetric GOR, oil density and MW. Click Convert to Molar
GOR. You will return to the Low Pressure Gas Input dialog.

6. Click OK to exit the Low Pressure Gas Input dialog.

Note: If the separator pressure data are in units of psig, the user should convert to psia. Since
the local ambient pressure varies with elevation and meteorological conditions, the program
requires the user to enter pressure in absolute units.
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Geographical Database

If you do not have any stream data on the separator, you may select the Geographical
Database option in the Project Setup window. This option offers a selection of 103 cases that
are stored in a database sorted according to their geographical regions, sales oil, and separator
conditions. The parameters for each case are taken from actual field data. The separator oil
compositions are also associated with the selection of these cases. Hence, the separator
compositions are automatically fixed upon the selection of a geographical site and a specific

case.

To select a case from the database:
1. Click on the Separator hotspot on the Input Flowsheet. The Geographical Database

dialog appears.

Fraction

Mo | Componant Salect conditions closest ta the actual conditions of your application

27 mole % 7

WL w W W W W
¢ |0z 0.0000 Southeast Southwest Narthwest Mortheast Al Regions
3 | Cco2 1.1900

3 Y 0.0700 &l Rrginns

5 [0 1530 SolosOil | Scparator Condiions
B | G2 0.5300 AP Gravity Pressure Temperature

Fa o 0.a100 psia 7| psig 7| F 7
g |4 0.5000 15.00 080 4500 106.0

4 | nl4 1,200 17.00 200 2200 1550

10 | i-C5 1.1500 18.00 (IR ] 2000 160.0

11 | nC5h 1.3400 1900|230 | 5300 101.0

12 | CB 1.7500 19.00 15.00 1200

13 | C7 3.6200 20,00 1.20 2300 9.0

14 | C& 35300 20.00 330 17.00 106.0

15 | C3 3.5300 2000 380 18.00 a0

16 | C10+ JB.8100 21.00 1.10 5400 1250

17 | Benzens 0.0mao 23.00 1.80 35.00 76.0

18 | Toluene 01000 23.00 020 2.00 154.0

19 | E-Benzene 0.1600 2300 4.00 30.00 BE.0

20 | Hylenes 0.5100 24.00 0.E0 2000 1220

21 | nCh 1.2100 24,00 240 20,00 ge.0

22 | 224Trimethylp | 0.0000 24.00 4 60 2200 860

10+ b ALl = nen === — ==

C10+5G | 0.95100 - Show Characterization Fesult | OF. | Cancel Help

Separator: Geographical Database

2. Select a region closest to the actual geographical location of your facility.

3. Select a case closest to the actual sales oil data and separator conditions.
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4. After the selections made in Step 2 and Step 3, the composition of the low-pressure oil is

automatically displayed in the left pane.

5. Click OK to accept selection and exit the dialog.

Stable Oil Tank

If you select the Stable Oil Tank flowsheet, the program will calculate only the working and

standing losses from the storage tank for stable oil.

Wpﬁnkv&oﬂu titled.Ept:
’.‘ File View Unit Conversion Run Help
DERS @@ ¥ 2

Input Flowsheet I
Project Setup

Total Emissions

_

Data Input

_—
Data Oupt Stable Oil
——————
Sales Oil
[ [ 4
Data Input Flowsheet: Stable Oil Tank
Stable QOil

This input is required if you select the Stable Oil Tank flowsheet. In order to execute the stand-
alone AP-42 calculations, users must provide the compositions of the stable oil entering the
storage tank.
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To specify stable oil:
1. Click on the Stable Oil hotspot in the input flowsheet.

il ——— e

C10+ Characterization Compositiong
Campanent Fraction -
male % 7
- 260.0000 W 1 [ H&
089 - 2 | 02 0.0000
3 | Coz2 00582
4 | M2 0.0005
5 | C1 01725
B | C2 0.3860 5
Run Characterization Total = 100,00 % Mormalize
k. Cancel | Help |

Stable Oil Input

2. Enter the stable oil Compositions.
3. Enter the C,+ characterization properties.

4. Click OK to return to the Input Flowsheet.

Tank Information Input

If the AP-42 method is selected for W&S losses during project setup the Qil Tank is presented
as a hotspot in the Data Input window. Otherwise (RVP Distillation Column Method selected)
tank information is not required to estimate the losses and the oil tank is greyed out and
disabled as a hotspot.23.

To provide oil tank information:

1. Click on the Oil Tank hotspot to activate the Tank Information dialog. There are two

tabs in the dialog: Tank & Shell Info and Meteorological Info.

2. Click on the Tank & Shell Info. tab.
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Tank Information I&

Tank & Shell Info. | Meteoralogical Info.

Size
[Dharneter 210 ft 7
Height 1E.0
Cone Roof Slope | 0.0 7

YWiorking Condition

Average Liquid Height a.0
Breather Went Pressure Setting Range | 0.06

Solar Abzorbance

Paint Color
Faint Factar Specular Aluminum ~|
0.54 Pairt Conditior
~ Good {* Foor
oK Cancel Help

Oil Tank: Tank & Shell Information

3. Provide the tank dimensions.

4. Enter normal working conditions such as Average Liquid Height and Breather Vent
Pressure Setting Range.

5. In the Solar Absorbance section, select a color from the Paint Color box. Click to
assign the paint condition. The program will adjust the paint factor accordingly.
Otherwise, simply enter the factor, if known, into the Paint Factor box directly.

6. Click on the Meteorological Info. tab.
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Tank Information I&
Tank & Shell Info.  Meteorological Infio.
ketecrological Data

Ij |H|:|mer, Ak ﬂ
Mo | Daily Min. Temp. | Daily Max Temp. | Saolar Ingolation | Ambient Pressure

F s F 7| Btudft"2.day] 7| psia 7
Ave, 436 a31.0 14.7

k. Cancel Help

Oil Tank: Meteorological Information

7. Select a city closest to the geographical location of the facility.

8. Upon selecting a US location, the program automatically displays the Daily Minimum
and Maximum ambient temperatures as well as the Daily Solar Insolation. These
values may be edited to reflect actual location data, if available. Editing these values is
recommended where significant climate differences from the nearest geographical
location may exist because of elevation differences or other meteorological factors.

9. Enter the Ambient Pressure. This pressure value may have already been updated from
the Flash Valve Inputs dialog but may be adjusted here, if necessary.

10. Click OK to return to the Input Flowsheet.
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Note: The solar absorbance factors of paint are taken from an AP-42 publication [8] based on
the conditions of the tank.

Sales Oil

If the RVP Distillation Column method is selected, the sales oil properties required as inputs in
the Sales Oil dialog are production rate, days of annual operation, API gravity, and Reid vapor
pressure. If the AP-42 method is selected the bulk temperature of the sales oil is an additional
parameter required to be input. These data are commonly available. If the calculation is on the
monthly basis, the production rate and actual number of operating days in each month should

be entered.

To specify sales oil:
1. Click on the Sales Oil hotspot in the Data Input flowsheet.

l_f Farameters

AP Grawvity
Reid YWapor Preszure
Bulk. Temperature

Production Rate and Days per Maonth

Manth | Production Rate | Days
bhl/day =
e 1 Cancel
Feb 4a0.0 2a
May | 4800 A

Help

Sales Oil Input

2. Enter the sales oil properties in the appropriate boxes.

3. Click OK to return to the Input Flowsheet.
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Flash Valve

To specify the flash valve inputs:

1. Click on the Flash Valve hotspot in the Data Input flowsheet.

|

The flash valve iz Temp. | Pres.
=ljkl= shawn far illustration

purpazes anly ko F Tl pma 7

indicate pressure Jan 147
reductions through a Feb | 70.0 147

flew fine. Map| 700 147

& calculation will be performed ta flagh
the zeparator oil to the ambient condition

1 atmosphere prezsure equals to 14.7 pzia.

If kriowen, enter the ambient or tank inlet
temperature. Othemwize, enter the upstream
separatar temperature.

k., Cancel Help

Flash Valve Inputs

2. Enter the Ambient Pressure and Ambient Temperature. If the ambient temperature is

unavailable, use temperature of the upstream separator.

3. Click OK to return to the Input Flowsheet window.

Note: The flash valve is not a physical piece of equipment. It simply illustrates pressure

reduction in a flow line.

Air Injection

Air or gas injection is optional. It is introduced into the system as an air and/or gas blanket. This

option is available to RVP Distillation method only.

To specify an air injection:
1. In Project Setup, select the Air Injection box in the Configuration tab.

2. Proceed to the Data Input window.
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3. Click on the Air Injection hotspot on the Input Flowsheet. The Air/Gas Input dialog

appears.
r——

AirfGas Input o

| Daily AirdGas Inlet at STP fr3

C10+ Characterization Compositions

Component Fraction
male % 7

260.0000 | IbAbral =7 HZ5
023 7 0z 21.0000

Coz2 0.0000

M2 ¥3.0000

C1 0.0000

C2 0.0000 Y.

Total = 100.00 % Maormalize

Cancel | Help |

Air Injection

4. Enter the daily air/gas injection volume.
5. Provide the air/gas Compositions.

6. Click OK to return to the Input Flowsheet.

Data Output

Predicted results are viewed in the Data Output window. The program will advance to the Data

Output window once the calculations have converged.

Viewing Calculation Results

The calculated results are presented in the Data Output window. The outputs are shown in four
tabs:

« Output Flowsheet

o Emission Summary

« Emission Compositions

o Stream Data
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If monthly calculations are selected, Total HAPs, Total HC, VOCs, and emissions of CO, and
CH, are tabulated for comparison on a monthly basis and monthly plots are available by clicking

on the ‘chart’ icon on the toolbar.

Output Flowsheet

Clicking on a hotspot (colored red) in the Output Flowsheet activates a pop-up dialog that
consists of compositional information and stream properties for the selected hotspot.

Note: Output flowsheet is not available when running monthly calculations.

rngw Tank—v?'.-U itled.Ept3 B (-

|| File View Unit Conversion Run Help

DEESES aad/yw »

Data Output
u . Annual Result I

Output Flowssheet IEmission Summary | Emission Compositions | Stream Data |

Project Setup

- Total Emissions

Data Input

Fi
e W&S Gas
Data Output

Flash Oil

& > OIL TANK
o Flash Valve

S
E
p
A
R
A
T
[}
R

Sales Oil

Output Flowsheet
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Emission Summary

This tab contains the controlled and uncontrolled emissions for components of specific interest.
They are the Total HAPs, Total HC, VOCs, C,+, VOCs, C;+, CO,, and CH,. Note that because
emissions of Greenhouse Gases (GHG), specifically CO,, will depend on the control strategy

(i.e. combustion vs. vapor recovery), controlled emissions of GHG are left to the user to
calculate on a facility-specific basis.

This tab also lists the uncontrolled recovery for Vapor, HC Vapor, CO,, CH4, and GOR from the
oil storage tank.

— _ .
File View Unit Conversion Run Help
DEHS Sdd%% ¥ 2

Annual Result |

Output Flowshest  Emizsion Summary | Ermizzion Enmpnsitinnsl Stream Data I

Uncontrolled | Controlled
tanne 7| tonne ki
Total HAFs 0.0075
Total HC 1.5849 00732
VOCs, C2+ 1.5080 00753
VOCs, C3+ 1.4415 0071
Data Iput Co:Z 45,0399
CH4 00733

Drata Output
Uncontrolled Recovery Info.
W apor mzcfd 7
HC W apor 0.060 mzchd 7
coz 2.340 mecfd 7
CH4 n.oin mecfd 7
GOR 5.1 SCF/ASTE 7

Emission Summary
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Emission Compositions

Similar to the Emission Summary tab, this tab presents the controlled and uncontrolled
emissions for all the components in your system. In this list, control efficiency is applied to the
combustible components and the non-combustible components pass through unaltered by the
control efficiency factor. However, since control strategies vary combustion products are NOT
calculated by the program so that CO, emissions must be calculated via other methods.

- e Tank 30 uncited £ N el

File View Unit Conversicn Run Help
DEeEE aéa 'y » 2

Annual Rezult l

COutput FIDwsheet] Emission Summary  Emizsion Compositions l Stream Data ]

Mo Compaonent ncontrolled | Controlled -
24 tonne 7| torme T [
1 HZ5 00264
2 oz [.0000 0.0000
3 coz 450399 45,0399
4 M2 [.0000 0.0000
D ata Input ) 1 00738 0.0040
B c2 [0.0E35 00032
7 C3 0.0889 00034
a -Cd 0.1061 00053
9 n-C4 [.2B667 033
10 -Ch 02531 nomzy
Crata Output 11 n-Ch nz2nz2 00136
12 CE 01424 00071
13 Benzen:s n.ooa 0.00Mm
14 Toluene [0.0036 0.000z2
15 E-Benzene nooa 0000
16 Hulenes [.0054 0.0003
17 n-Ch 01374 00069
18 224Trimethylp [.0000 0.0000
19 Pzeudo Compl 01736 0.0030

I 20 Pzeuda Comp2 0.0027 0.000m -

Emission Compositions




28

API PUBLICATION 4697

Stream Data

This tab shows the compositions for all the different streams as well as their physical and

thermodynamic properties.

File

e

Project Setup

Data [nput

Data Dutput

E

Run Help

DEeES G|y p

Data Output
Annual Result l

l)

View Unit Conversion

Output Flowsheetl Emission Summar_l,l] Emission Compositions  Streamn Data l

Mo Component bt LP Oil Flash Oil Sales Oil Flash Gaz | W8S Gaz | Total Emission -
23 a/mal Tl moleix T maleiE 7| moleX T moleXx 7| mole® 7| mole % 7
1 H25 0.0704 0.0571 0.0566 1.4565 1.4644 1.4568
2 oz 32.000 0.0000 (0.0000 0.0000 0.0000 (0.0000 0.0000
3 coz 44.010 1.8235 0.9184 0.8851 SE.0008 96.3390 9E.0126
4 M2 28.010 0.0000 (0.0000 0.0000 0.0000 (0.0000 0.0000
5 C1 16.040 0.0084 0.0020 00018 0.4BE5 0.4438 0.4857
[ C2 30.070 0.0064 0.0046 0.0045 01971 0.2my 0.1573
7 C3 44.100 0.012a 0.0115 00115 01475 01423 0.1473
8 i-C4 58.120 0.0320 0.0307 0.0306 01713 01571 0.1vog
9 n-Cd 58.120 01152 0112z 01121 0.4325 03846 0.4308
10 i-ChH 72150 0.2047 0.2035 0.2035 0.3311 0.2774 0.3293
11 n-C5 721580 0.2879 0.2873 0.2872 0.3553 0.2502 0.3531
12 CE 84.000 0.3839 0.3860 0.3861 01609 01210 0.1595
13 Benzene 78110 0.0084 0.0064 0.0064 0.00z0 0.0015 0.0019
14 Toluens 92140 0.0384 0.0387 0.0387 0.0036 0.0025 0.0036
15 E-Benzene 106.170 0.0512 0.0517 0.0517 0.0ma 0.0011 0.0017
16 Hylenes 106.170 01472 01486 0.1486 0.0045 0.0028 0.0044
17 n-CE 8E.180 0.3647 (0.3667 03668 01513 01136 0.1500
18 224Trimethylp 114.240 0.0000 (0.0000 0.0000 0.0000 (0.0000 0.0000
19 Pseudo Compl 147.900 35.7463 36.0886 361013 01162 (0.0566 01141 il
an [-I Ry — 27 amn 24 anan 28 9700 25 2700 nonm1 N NnA nnn1t
Unit LP il Flash Oil Sales Ol Flash Gaz | WS Gas | Total Emission
s gfmol 7 24931 249.31 44.24 4411 44.24
Stream Mole Ratio 1.0000 0.95305 0.9301 0.0035 0.0003 0.0094
Stream Weight Ratio 24736 246.94 24E.85 042 0.0z 0.44
Taotal Emission torne 7 45,5080 1.6456 471536
Heating Walue BTU/scf 7 8598 7033 85,43
Gaz Gravity Gag/hir 1.63 1.62 1.63
Bubble Pt. =1 00F psia 7| 27.86 14.14 1363
R'P a1 00F psia 7| 38.40 20.84 19.83
Spec. Gravity &100F 0.2 0.az 0.4z

Stream Data
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Emission Summary Plot

When running monthly calculations, the emission results (controlled Total HAPs, Total HC,

VOCs, C,+, VOCs, Cs+, and uncontrolled CO, and CH,4) based on the selected months are
plotted for comparison by selecting the ‘chart’ icon on the toolbar.

Select Plot:

Cloze

\Ps (ton)
:

0.075 ]
| 0.07 -
0.065 |
0.06 ]
0.055 |
0.05 ]

Controlled Total HAPs Monthly Comparison

_____________________________________________________________

Emission Plot

Printing Calculation Results

To print calculation results:

1. Select Print from the toolbar or from the File menu. The Print Report dialog appears.
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Print Report - 1@“

Select Print [tem

" Emizzion Summary
" Emizzion Compositions

" All Stream Data

k. Cancel

Selecting a Print Item

2. Select an item to print. Click OK. The E&P TANK Print Preview dialog appeatrs.

E&P TANK Print Preview - =RACE X
- — — - -
Print Save as File.. Copy | & Export to Excel
15 E-Senzene U.0200 0.00L0 i
1e Eylenes 0.1533 0.0077
l 17 n-C& 11.1&74 0.5584
18 2Z4Trimethylp 0.0000 0.0000
1% Pseudo Compl &.88647 0.3432
20 Pseudo CompZ 0.0307 0.0045
21 Pseudo Comp3 0.000% 0.0000
22 Pseudo Compd 0.0000 0.0000
23 Pseudo Comps 0.0000 0.0000
24 Total 6l€6.73%98 30.8370
—— Stream Data -
NoComponent MW LP 0il Flash 0il Sales 0il Flash Gas WesS Gas Total Emission
g/mol mole % mole % mole % mole % mole % mole %
1 H2S 34.08 0.0800 0.040% 0.0402 0.7478 0.80%9¢8 0.74398
Z 02 3Z.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3 coz 44 .01 0.2500 0.0542 0.0878 7.35z28 €.95391 7.3413
4 N2 2g.01 0.0100 0.0004 0.0003 0.3554 0.1541 0.3488
5 C1 1e.04 1.1401 0.173¢8 0.1538 35.7835 27.9374 35.5314
& C2 30.07 0.8001 0.4454 0.43Z¢ 13.5954 14_20Z8 13.8151
7 C3 4410 2.8203 2_20z1 2.1855 17.7038 20.0430 17.77398
8 i-C4 sg.1z 1.3501 1.2744 1.271z2 4.073& 4_75Z¢8 4_1027
3 n-C4 58.1z2 5.5308 5.3658 5.3580 11.4781 13.713%8 11.5488
10 i-C5 T2.15 3.7304 3.74391 3.74%91 3.05&& 3.776l 3.0739%
11 n-C5 72.15 &.0808 6.1269 8.12Z83 3.66EE 4.531% 3.8385
1z Ce 84.00 5.0005 5.1137 5.1173 0.5184 1.1580 0.9274
13 Benzene 78.11 0.8801 0.8964 0.8383 0.0%32 0.1221 0.0341
14 Tocluene 52.14 0.2600 0.2669 0.2872 0.0038 0.0134 0.0039%
Page Z —-—-— E&PF TRNE =
15 E-Benzene 10&.17 0.0500 0.0525 0.0325 0.0011 0.001s 0.0011
1e Eylenes 10&.17 0.8201 0.84Z¢ 0.8434 0.00e& 0.01z3 0.0087
17 n-C& Be.lg 4.3104 4.4085 4.411% 0.7733 1.010z2 0.7810
18 2Z4Trimethylp 114.24 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1% Pseudo Compl 10%3.3& 2B8.8382 25_41%98 253.4466 0.3727 0.5448 0.3783
20 Pseudo CompZ 166.17 14.4141 14.8138 14.8274 0.0032 0.0054 0.0033
21 Pseudo Comp3 Z3Z.47 10.7070 11.0038 11.0141 0.0000 0.0000 0.0000
22 Pseudo Comp4 31&6.36 B.15&% 8.4238 8.4317 0.0000 0.0000 0.0000 -
Total 2 pages
e — — —  —y —

Print Preview

3. Click Print to start printing. Alternatively, you can save the report to a file or copy the

report to another location or Export to excel.
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To copy results from Print Preview:
1. While you are in the E&P TANK Print Preview dialog, select contents to copy by
highlighting the selection.
Click Copy.
3. Proceed to the destined location or application and click Paste from within the

application.

To Export Results to Excel

1. Right-click the mouse (or use ‘Ctrl+E’ shortcut) and select Send to MS Excel on the
toolbar. This will automatically export the current screen to Excel.

2. Select Print from the toolbar or from the File menu. The Print Report dialog appears.
Select an item to print. Click OK, then click Export to excel, it allows the user to export

current data or the whole project.
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Copy and Paste

E&P TANK is equipped with a copy and paste feature that allows tedious compositional data

to be transferred from external spreadsheets such as Microsoft Excel worksheets.

To copy data from a Windows application

1.

2.

3.

Select and copy cells in the external spreadsheets.
Start E&P TANK 3.0 and select destination cells in the E&P TANK Worksheet.

Select Paste from the Pop-up menu.

To copy data to a Windows application

1.

2.

Select data from an E&P TANK worksheet.
Right-click the mouse and select Copy and Copy ALL from the pop-up menu.
Go to the Windows application and select destination cells in the spreadsheet.

Perform the Paste command while in the Windows application.



Chapter 5: Managing Projects

E&P TANK Projects can be created, saved, printed in the text file format or from the Microsoft

Excel environment (for terminals with Microsoft Excel), and deleted.

To Create a New Project

When you are starting E&P TANK v3.0:

In the welcome window, select Create a New E&P TANK Project and click OK.
-or-

While you are working on another project:

Click on the New Project button on the toolbar or select New from the File menu.

To Open an Existing Project

1. When you are starting E&P TANK v3.0:
Select Open an existing E&P TANK project and click OK
-or-
While you are working on another project:
Click on the Open E&P TANK Project File button on the toolbar or select Open...
from the File menu.
The Open E&P TANK dialog appears.
2. Specify the file path and the file name.
3. Click Open.

To Print a Project

To print a project in text file format (if Microsoft Excel is not installed in your computer):
1. Click on the Print button on the toolbar or select Print... from the File menu.
2. Inthe Print Report dialog, select an item to print and click OK.

3. Inthe E&P TANK Print Preview dialog, click Print to start printing.

While you are in the E&P TANK Print Preview dialog, you can also save the calculation results

to a file for future review or copy the results into another location for editing.

33
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If Microsoft Excel is installed in your computer, refer to “To Export Results to Excel” to obtain

a hard copy of the project in the Excel format.

To Save a Project

Click on the Save button on the toolbar or select Save from the File menu.

To Save a Project into Another File Name

1. Select Save As... from the File menu. The Save E&P TANK Project File dialog
appears.

Specify the file path and file name.

3. Click Save.
= B - "
#zr Save Project @
Save in: | . Samples j IfT‘ EH-
— Mame : Date modified Type
.
o || Low pressure gas.ept3 2/20/201310:42 AM  EPT3 File

Recent Places

Desktop
=l
Libraries

[

LY
Computer
A

Metwork

1| I

File name: | - Save

b
Saveastype:  |EAP Tank Project File (*.ept3) ~| Cancel

h = —

Saving a Project

To Delete a Project

In Windows Explorer, select the project file click Delete.



Annex A: Technical Background

A simplified flow diagram of a typical oil production tank system is illustrated in Figure 1. The
liquid oil from a low pressure (LP) separator, after passing through a pressure reducing valve, is
charged into the production tank where it may be stored for a period of time before being
shipped as sales oil. The emission losses from the tank can be classified into three categories:
flash, working, and standing (also called breathing) losses. Flash losses occur when the
pressure of the saturated oil is reduced from some moderate pressure in the LP separator to
atmospheric pressure in the storage tank. For a typical production tank, the flash loss forms a
major contribution to its overall emissions. Working losses are vapors displaced from the tank
during the filling cycle, and standing losses are vapors generated through diurnal and seasonal
temperature changes.

Total Emissions

L.P Gas
Flash Gas
W & S Gas
S
e
P Flash Oil
B r > -
H.P. Oil a L.P. Qil Qil Tank
t Flash Valve
? Sales Oil
S
Air/Gas

Figure 1—Oil Production Storage System

It is important to note the relationship between the LP separator and the flash calculation
performed at the entrance to the storage tank. Currently, the Oil Tank module completes the
flash calculation at a user specified ambient temperature. This temperature is necessary as it
will produce the most accurate representation of the losses at the flash valve. However, if this
ambient temperature is not available, the user can provide the previously recorded separator

temperature for the most conservative estimate of the flash losses.
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Following the inlet flash calculation are the tank operations. The operation of the fixed roof tank
is simulated by a distillation column with four trays operation. Similarly to the flash valve, the
produced vapor also contributes to the total tank emissions, while the liquid phase from the fixed

roof tank represents the sales oil.

Working and standing losses are highly dynamic in nature and cannot be described solely by
steady-state models. However, since most of the dynamic information, such as meteorological
and daily liquid level data, is cumbersome to use, an inference method was designed to
circumvent this difficulty [1]. The method imposes a constraint that the characteristics of the
liquid effluent from the storage tank should match the sales oil characteristics (e.g., RVP and
API gravity). This inference method ensures that all effects of dynamic parameters are suitably
represented by the simulator. The shortcoming of using this inference method is that the model
may artificially adjust some operating parameters of the tank to reflect the effects of dynamic
parameters. For example, the model may be forced to raise the operating temperature of the
storage tank beyond that actually encountered to compensate for the elevated emission level

resulting from extended residence times of the sales oil.

In E&P TANK, two different alternatives for estimating flashing, working, and standing losses
are provided. The first alternative estimates the flash loss using rigorous thermodynamic flash
calculations and estimates working and standing losses with a fixed roof tank simulation. Here,
a four-tray distillation column representation is attempted. In this case, detailed information such
as tank characteristics and site meteorological data are not necessary to estimate emissions.
The minimum information requirements for this method are:

« Separator Pressure and Temperature

« Separator Oil Composition

« Reference Pressure

« RVP of Sales Oil

« Sales Oil Production Rate

« API Gravity of Sales Oill

The second alternative estimates the flash losses using the same rigorous thermodynamic flash
calculations as in the first method. However, working and standing losses are estimated using

the modified AP-42 equations which require details on tank characteristics and site
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meteorological data. In addition to the information requirements listed above for the first

approach, at a minimum, the second approach requires the following input data:
« Stock Oil Bulk Temperature
« Tank Diameter
« Tank Shell Height
« Average Stock Liquid Height
« Cone Roof Slope
« Tank Solar Absorbency
« Daily Minimum Ambient Temperature
« Daily Maximum Ambient Temperature
. Daily Solar Insulation

. Breather Vent Pressure Setting Range

Both approaches are available to the user, thereby allowing emission estimates to be made
depending upon data availability and user needs. In general, the first approach will yield more

conservative (i.e. higher) emission estimates than the second approach.

Influent Specifications

There are several modes for users to specify influent data for the model (i.e. the model is able to
accept different types of compositional input data). Each of the options that follow either accepts
or completes a calculation to generate the LP separator oil composition. It is this fluid that

undergoes flashing, working and standing losses to produce emissions.

Input Option 1: LP Separator Oil

The first input option is to directly specify the LP separator oil composition of the liquid
discharged from the final LP separator. This is the preferred option and a sampling protocol is
given in Annex C to ensure proper oil sample collection. This is a commonly available analysis

and provides the simplest operation of the model.

Input Option 2: HP Separator Oil

A second option is to enter the composition of a high pressure fluid stream and allows the model

to complete a flash calculation through the low pressure separator.
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Input Option 3: LP Separator Gas

The third option is to enter the composition of a separator gas sample with a measured Gas-QOil
Ratio (GOR). With these data, the software will complete a recombination calculation to

determine the composition of the LP separator oil.

Input Option 4: Geographical Database

Finally, it is possible to obtain compositional input data from the Database option. This database
contains 103 example cases (containing both fluid compositions and tank operating conditions)
obtained from API. These cases are taken from actual tank sites across the US. These example
cases may be selected by geographical location or by oil physical properties. The geographical
criteria are useful in providing conditions based on location while the oil selection capability aids
in the comparison of emission losses from oils with different physical characteristics. It is also
important to note that these example cases may be manipulated and adjusted based on any

measured data that are available.

In terms of compositional data requirements, the model has been designed to accept C7+, C8+,
C9+, C10+ analyses with a detailed breakdown of the HAP and VOC components. A flexible
plus fraction characterization has been implemented. The characterization is performed by
employing an exponential distribution function and a process of critical properties estimate for
pseudo-components to represent the fractions with carbon number greater than 7. The

characterization procedure from the literature [2] is adapted and it involves the following steps:

1. Generate molecular weight and density for each component using exponential

extrapolation.

2. Generate critical properties and interaction parameters for each component using the

property correlation.

3. Group or lump components and generate pseudo-components properties that are

required in the EOS calculations.

The corresponding C7+, C8, C9+, C10+ molecular weight and specific gravity are required to
characterize the pseudo-component in the model. The case studies show that the predicted
emission results after implementing the new charateriztion algorithm are an improvement over

the previous version predictions.
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Modified AP-42 for Non-Flash Tank Emissions

The AP-42 method has been generally accepted for estimating working and standing (non-
flashing) losses for stabilized hydrocarbon products with an RVP of 12 psia or less. The AP-42
method cannot distinguish between HAPs and VOCs for crude oil. The E&P TANK modifications

have remedied this shortcoming.

The documented AP-42 method [3] uses empirical correlations for estimating evaporative (non-
flash) losses from fixed-roof tanks. The data required to use the AP-42 method can be classified
into three categories:

1. Tank Characteristics

2. Meteorological Information

3. Oil Specifications

Tank characteristics include tank shape and size, paint color, average liquid height, and
breather vent pressure setting. Meteorological information includes daily maximum and
minimum ambient temperature, solar insolation on a horizontal surface, and reference ambient
pressure. Oil specifications include oil RVP and throughput. Separate empirical correlations are
applied for both working and standing losses in a specified time period and results are

presented in units of emission (for example, ton or Ib).

The modification of the AP-42 method in this package is focused on oil specifications. Rigorous
thermodynamic calculations based on the Peng-Robinson EOS [4] have been introduced to

characterize oils whenever necessary. A summary of changes is provided as follows:

« Oil RVP is calculated by the Peng-Robinson EOS according to the composition

specifications.

« The AP-42 method is deemed unsuitable if the oil vapor pressure at the specified

average tank temperature equals or exceeds the reference ambient pressure.

« The evaporated oil composition is calculated from a hypothetical flash at 90 percent of

the saturation pressure.

Technical Basis of E&P TANK

E&P TANK is built upon rigorous thermodynamic calculations. All components and phases are

assumed to be in equilibrium throughout the entire system. For most hydrocarbon processes,
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this assumption is a fairly good approximation. Also, the Peng-Robinson EOS [4] has been
chosen for property-related calculations because it is one of the most widely accepted models in

the hydrocarbon processing industry.

When vapor and liquid phases are in equilibrium, the fugacity of each component in the vapor

(f) is equal to its fugacity in the liquid (f"). The fugacities in the liquid and vapor are defined by:

fiV = (D\i/ yiP
where
P is the system pressure,
Xi s the mole fraction of species i in liquid,
Yi s the mole fraction of species i in vapor,

L
P s the fugacity coefficient of species i in liquid,

\V
P s the fugacity coefficient of species i in vapor.

One advantage of using an EOS model is that the fugacity coefficients in both the vapor and

liquid phases are treated uniformly by the following relation:

=B LR o[ 2
RT\n ) v RT

where

o is the either V for vapor or L for liquid phase’

P is the system pressure’

V  is the system volume at the specified condition’
T is the system temperature on an absolute scale’
R isthe universal gas constant’

>

is the number of moles of species i.

The above thermodynamic relationships, in conjunction with material and energy balances, are

used extensively in the program to solve for vapor-liquid-equilibrium (VLE) conditions. Detailed
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discussions about the calculation schemes for convergence are covered in standard

thermodynamic textbooks such as the one by Smith and Van Ness [5].

In particular cases where the VLE separation is achieved through column distillations, the
simulation of the column is accomplished using the Ishii-Otto [6] algorithm. The Ishii-Otto
algorithm is fairly stable and fast in reaching convergent solutions for most hydrocarbon

applications.
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Annex C: Sampling Protocol

Surface Fluid Sampling of Black Oil Reservoirs

Separator Liquid Collection

The separator liquid sample collection point should be upstream of any metering device or flow
restriction to ensure single phase flow. There is often a temperature reduction on the separator
liquid flowline, but this does not alter the sample integrity. Conversely, if the flowline
temperature is in excess of the operating temperature of the separator, it is advisable to sample

directly from the sight gauge on the separator.

Care must be taken when sampling from the separator sight gauge. The upper and lower
values installed on sight gauges have restricted flow orifices and check valves. Therefore, as
fluids are removed through sight gauge valves, there is a preferred flow of the gas phase
through the top valve. One must maintain the liquid level above the bottom sight glass valve
while collecting the separator liquid samples. If the liquid level is allowed to decrease to the
point of sample collection, excess gas will be drawn into the cylinder with the separator liquid,

voiding the validity of the separator liquid sample.

Flexible lines used to connect the sample source to the sample cylinder should be as short as

possible. One should check for entrained water in the liquid source stream.

Water and any other contaminant must be removed completely prior to the collection of any
separator liquid samples. It is advisable to re-check the sampling points and line for
contaminants after completing the sampling procedure to ensure proper samples have been

collected.

Separator Liquid Collection: Evacuated Cylinder Method

1. The cylinders should be evacuated by the laboratory before being sent to the field.

2. Select a sample point from which a representative first stage separator liquid sample can
be collected.

3. Compare the pressure and temperature of the sample source to the maximum operating
pressure and the current temperature of the sample cylinder to ensure that the cylinder

will safely contain the liquid sample. The cylinder temperature should not be more than

43
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10 °F (6 °C) lower than the source temperature. If it is, this technique should not be
used. Low cylinder temperatures often cause the cylinder to fill completely with liquid,
thus resulting in a serious hazardous situation when the cylinder is allowed to warm. To
prevent the hazardous situation, an alternate technique, such as the Liquid
Displacement Method, should be used. The cylinder must be an approved type with a
current certification date for sample transport to the laboratory. In the United States, the
cylinder must be an approved type with a current certification date for sample
transportation to the laboratory. In the United States, the cylinder must be approved by
the U.S. Department of Transportation, while transporting a cylinder in many
international locations requires certification by Lloyd’s Register Industrial Services.
Connect the sampling line to the liquid source and the sample cylinder in the manner
shown in Figure C-1, leaving the fitting on the cylinder end of the connector line finger
tight.

Separator Liquid
Sample Cylinder

-

Separator

(Ao

Figure C-1. Evacuated Cylinder Method

Slowly purge the sample line to displace air and to vent sufficient liquid to clean the
sample point and sampling system.

With a wrench, properly tighten the connecting line fitting to the cylinder fitting.

With the sample line purged and full of liquid and the separator liquid source valve fully
open, hold cylinder in a vertical position with the inlet valve at the bottom and slowly (but

fully) open the lower cylinder valve to admit liquid into the container. Refer to Figure C-1.
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8. When the liquid stops flowing into the cylinder, close the inlet valve before moving the
cylinder out of the vertical position. The sample collected in this manner will be in two
phases, gas and liquid. The sample cylinder will have some portion of its volume as gas
cap, which can safely accommodate any liquid expansion if the cylinder temperature
increases during shipment to the laboratory.

9. Close the valves from the sample source and de-pressurize the connect line. Dismantle
the sampling assembly and install the blow plug in the sample cylinder valve used for
sample entry.

10. Fill in information on the sample tag as completely and accurately as possible and attach
the tag to the sample cylinder. Also on a separate sheet of paper, make a list of all of the
information recorded on the cylinder tag along with the cylinder number. Prepare the
information for all cylinders involved in the sample collection on the sheet of paper for
separate mailing to the laboratory.

11. Repeat the above procedures using all separator liquid cylinders provided.

Notes (Item 8):
The (safe) situation of having a two phase system in the container will not change to an unsafe

single liquid phase situation unless one or more of the following is allowed to occur:
« Sample container is agitated while filling.
« Containers being filled are much colder than the separator.

« Containers are left on the pressure source for an extended length of time. It is not
important to have the container completely full of sample. The representative liquid has been
admitted to the cylinder and is not altered in composition; it merely has been flashed to a two
phase condition for transport to the laboratory. When this sample is received in the laboratory, it
is pressured up to considerably above the source pressure by mercury injection prior to removal
of any portion of the contents. During the re-pressurization, the saturation pressure is measured
to check the validity of the sample contained. If the saturation pressure obtained does not
approximate the separator conditions, any subsequent analysis performed using the sample will

be in error.

Medium gravity, 20 to 27 API crude oils are particularly susceptible to foaming and, if sampled
directly into an evacuated cylinder, could result in obtaining a cylinder virtually full of gas with a
small amount of foamy oil. The procedure of sampling a liquid by gas displacement is used to

overcome this potential foaming problem. The description of this procedure begins below.



46

API PUBLICATION 4697

Separator Liquid Collection: Gas Displacement Method

1.

10.
11.

Select a sample point from which a representative first stage separator liquid sample can
be collected.

Compare the pressure of the sample source to the maximum operating pressure of the
sample cylinder to ensure that the cylinder safely contains the liquid sample. The
cylinder must be an approved type with a current certification date for sample transport
to the laboratory. In the United States, the cylinder must be approved by the U.S.
Department of Transportation, while transporting a cylinder in many international
locations requires certification by Lloyd’s Register Industrial Services.

Fill the cylinder to be used for collecting separator liquid sample with equilibrium
separator gas as per the procedure outlined in Separator Gas Collection - Evacuated
Cylinder Method.

Connect the sampling line to the liquid sample source and to the gas filled liquid sample
cylinder in the conventional manner shown in Figure C-1 leaving the fitting on the
cylinder end of the connecting line finger tight.

Slowly purge the sample line to displace air and to vent enough liquid to clean the
sample point and sampling system.

With a wrench, properly tighten the connecting line fitting to the cylinder fitting.

With the sample line purged and full of liquid and the sample source valve fully opened,
hold the cylinder in a vertical position as indicated in Figure C-1, with inlet valve at the
bottom and fully open the lower cylinder valve.

Holding the cylinder vertical, slowly open the top valve of the cylinder to bleed gas at a
very low rate. The low bleeding rate is necessary so no appreciable pressure drop
occurs in the sampling system, thus maintaining the separator liquid in one phase while
it enters the sample cylinder.

When separator liquid flows from the top valve, close first the top valve and second the
bottom valve of the cylinder. Close the valve from the source and depressurize the
sampling system.

Disconnect the sample cylinder from the sampling hose.

Holding the cylinder vertical, in a single motion quickly release a small amount of liquid
from the bottom valve. This will relieve the dangerous situation of having a cylinder
completely filled with liquid for transport to the laboratory, without altering the sample.

Creating a gas cap in this manner can easily alter the sample composition. In order to
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prevent the alteration of the sample composition, the liquid must be taken in one quick
motion.

12. Install blow plugs securely in both valves.

13. Fill in information on the sample tag as completely and accurately as possible and attach
to the sample cylinder.

14.0On a separate sheet of paper, list the cylinder number with all of the information
recorded on the sample cylinder tag. Include this information for all cylinders involved in
the sample collection on this same sheet of paper. Send this information under separate
cover to the laboratory.

15. Repeat the above procedure using all separator liquid cylinders provided.

Notes:

Medium gravity, 20 to 27 API, crude oils are particularly susceptible to foaming and if sampled
directly into an evacuated cylinder, could result in obtaining a cylinder virtually full of gas with a
small amount of foamy oil. The procedure of sampling a liquid by gas or liquid displacement is

used to overcome this potential foaming problem.

Separator Liquid Collection: Liquid Displacement Method

1. Fill the cylinder with a suitable liquid which is more dense than, and immiscible with the
separator liquid. Suitable liquids for use are displacement media which are: mercury,
brine, glycol/water mixtures and water. The latter three should not be used in sour
systems.

2. Select a sample point from which a representative first stage separator sample can be
collected.

3. Compare the pressure of the sample source to the maximum operating pressure of the
sample cylinder to ensure that the cylinder will safely contain the liquid sample. The
cylinder must be an approved type with a current certification date for sample transport
to the laboratory. In the United States, the cylinder must be approved by the U.S.
Department of Transportation, while transporting a cylinder in many international
locations requires certification by Lloyd’s Register Industrial Services.

4. Connect the sample line to the separator liquid source and to the sample cylinder in a
manner as shown in Figure C-2, leaving the fitting on the cylinder end of the connector

line finger tight.
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10.

11.

12.

13.

Separator 1:TI
Liquid

Sample Separator
Cylinder

=8 )

1

Figure C-2. Liquid Displacement Method

Partially open the separator liquid source valve, allowing a slow displacement of air from
the connecting line. Continue venting sufficient liquid to clean the sample point and
sampling system.

With a wrench, properly tighten the connecting line to the cylinder fitting.

Fully open the separator liquid source valve.

Maintain the cylinder in a vertical position with the inlet valve at the top throughout the
sample collection procedure.

Fully open the upper cylinder valve.

With the cylinder perfectly vertical, slowly open the bottom valve of the cylinder to allow
a slow (small) stream of displacement liquid to drain into a graduated cup.

Maintain the slow rate of displacement liquid removal so that no appreciable pressure
drop occurs in the sampling system. One must not rush this procedure.

When 90 percent of the sample cylinder volume has been collected, close first the
bottom valve and then the top valve of the sample cylinder.

With the top valve of the cylinder closed, slowly drain from the bottom of cylinder the
remaining 10 percent of the displacement liquid. Close the bottom valve of the sample
cylinder immediately when the separator liquid appears. Creating a gas cap in this
manner is easily accomplished, perfectly safe and of very little risk to the integrity of the

sample.
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14. Close the valve from sample source and depressurize the sampling system.

15. Disconnect the sample cylinder from the sampling hose.

16. Securely install blow plugs into both sample cylinder valves.

17. Fill in information on the sample tags as completely and accurately as possible and
attach to the sample cylinder.

18. On a separate sheet of paper, list the cylinder number with all of the information
recorded on the sample cylinder tag. Include this information for all cylinders involved in
the sample collection on this same sheet of paper. Send this information under separate
cover to the laboratory.

19. Repeat the above procedure using all separator liquid cylinders provided.

Notes:

The Liquid Displacement sampling technique is generally utilized when collecting LPG and NGL
samples. This procedure ensures a good gas cap inside the cylinder. Samples of these
products can be extremely dangerous if the cylinder is absolutely liquid filled and allowed to

warm while in transport to the laboratory.

Separator Gas Collection

The gas sampling method is important for accurate modeling results. The separator gas sample
is typically collected from the gas line at the low pressure separator outlet. Operators have
sampled separator gas for years by attaching a canister or high pressure cylinder directly to the
separator’s gas sampling port. The GRI-GlyCalc manual (GRI, 1996) recommends employing a
manifold to remove entranced liquids from the sample probe when collecting the sample from
the gas line. The manifold is necessary when measuring low concentration components such as
HAPs (benzene, toluene, ethyl-benzene, xylenes and x-hexane). The manual recommends the
Gas Processors Association (GPA) standard 2166 as a gas sampling reference. Also, the
manual indicates a modified EPA method T0-14, normally used for ambient air sampling, as a

satisfactory method for gas sampling.
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