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= Make sure the document is stored in a safe place such that it is always available when
working on or with the device

= Avoid danger to individuals or the facility: read the "Basic safety instructions" section
carefully, as well as all other safety instructions in the document that are specific to
working procedures

The manufacturer reserves the right to modify technical data without prior notice. The
Endress+Hauser sales organization will supply you with current information and updates
to these instructions.
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About this document

Tankvision LMS NXA86B

1 About this document

1.1 Document function
This manual should support during the installation of Tankvision LMS NXA86B.

Beside basic PC operating knowledge no special training is needed to perform the Tank
Gauging System operations. Nevertheless it is recommended receiving a training on the
system by Endress+Hauser.

1.2 Symbols

1.2.1  Safety symbols

This symbol alerts you to a dangerous situation. Failure to avoid this situation will result in
serious or fatal injury.

A\ WARNING
This symbol alerts you to a potentially dangerous situation. Failure to avoid this situation
can result in serious or fatal injury.

A CAUTION
This symbol alerts you to a potentially dangerous situation. Failure to avoid this situation
can result in minor or medium injury.

This symbol alerts you to a potentially harmful situation. Failure to avoid this situation can
result in damage to the product or something in its vicinity.

1.2.2  Symbols for certain types of information

B Tip
Indicates additional information

Reference to documentation

>

Notice or individual step to be observed

i, A, B
Series of steps

Le
Result of a step

1.2.3  Symbols in graphics

1,2,3,..
Item numbers

i, PA, B
Series of steps

A B,C,..
Views

Endress+Hauser
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1.3 Documentation

ﬂ For an overview of the scope of the associated Technical Documentation, refer to the
following:
= Device Viewer (www.endress.com/deviceviewer): Enter the serial number from the
nameplate
» Endress+Hauser Operations app: Enter serial number from nameplate or scan
matrix code on nameplate.

The following document types are available in the Downloads area of the Endress+Hauser
website (www.endress.com/downloads), depending on the device version:

Document type Purpose and content of the document

Technical Information (TI) Planning aid for your device

The document contains all the technical data on the device and provides
an overview of the accessories and other products that can be ordered for
the device.

Brief Operating Instructions (KA) Guide that takes you quickly to the 1st measured value
The Brief Operating Instructions contain all the essential information
from incoming acceptance to initial commissioning.

Operating Instructions (BA) Your reference document

The Operating Instructions contain all the information that is required in
various phases of the life cycle of the device: from product identification,
incoming acceptance and storage, to mounting, connection, operation
and commissioning through to troubleshooting, maintenance and
disposal.

Description of Device Parameters Reference for your parameters

(GP) The document provides a detailed explanation of each individual
parameter. The description is aimed at those who work with the device
over the entire life cycle and perform specific configurations.

Safety instructions (XA) Depending on the approval, safety instructions for electrical equipment in
hazardous areas are also supplied with the device. These are an integral
part of the Operating Instructions.

E] The nameplate indicates which Safety Instructions (XA) apply to
the device.

Supplementary device-dependent Always comply strictly with the instructions in the relevant
documentation (SD/FY) supplementary documentation. The supplementary documentation is a
constituent part of the device documentation.

1.4 Change history

BA01702G/01.17
= Valid for software version: 18.0.2 and 18.0.3
= |nitial version

BA01702G/02.18
= Valid for software version: 18.1.1
= Changes to the previous version:
Compatibility with Windows 10 and Windows Server 2016

BA01702G/03.22
= Valid for software version: 18.3.2
= Changes to the previous version:
Chapters added:
Viewing results
Scheduling rollover predictions
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BA01702G/04.24

= Valid for software version: 18.3.3

= Changes to the previous version:
Compatibility with Windows 11 and Windows Server 2022. Minor changes to existing
functionality.

BA01702G/05.26

= Valid for software version: 18.3.4

= Changes to the previous version:
= Specific references of LNG changed to 'the product
= Chapter added: Appendix B
= Minor changes to document structure

1.5 Registered trademarks

Microsoft®, Windows® and Edge®
Microsoft®, Windows®, Edge® and the Microsoft logo are registered trademarks of the
Microsoft Corporation.

Modbus®
Registered trademark of SCHNEIDER AUTOMATION, INC.

Java®
Registered trademark of Sun Microsystems, Inc.

Mozilla® Firefox®

Registered trademark of the Mozilla Foundation

Apple®

Apple, the Apple logo, iPhone, and iPod touch are trademarks of Apple Inc., registered in
the U.S. and other countries. App Store is a service mark of Apple Inc.

Android®
Android, Google Play and the Google Play logo are trademarks of Google Inc.

Endress+Hauser
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2 Basic safety instructions

2.1 Requirements for the personnel

The personnel for installation, commissioning, diagnostics and maintenance must fulfill

the following requirements:

» Trained, qualified specialists must have a relevant qualification for this specific function
and task.

» Are authorized by the plant owner/operator.

Are familiar with federal/national regulations.

» Before starting work, read and understand the instructions in the manual and
supplementary documentation as well as the certificates (depending on the
application).

» Follow instructions and comply with basic conditions.

v

The operating personnel must fulfill the following requirements:

» Are instructed and authorized according to the requirements of the task by the facility's
owner-operator.

» Follow the instructions in this manual.

2.2 Intended use

2.2.1 Intended use of Tankvision LMS NXA86B software

Tankvision LMS is a total LNG Tank Storage and Management solution for Peak Shaving,
Receiving and Production LNG facilities. The LMS system has been designed to interface to
all instruments commonly found on LNG storage tanks, and to collect and present the
instrument data through a range of intuitive graphical user interfaces. A typical LNG Tank
will have a wide range of measurement instruments to measure Liquid Level, Liquid
Density, Liquid and Vapour Temperature, Liquid and Vapour Pressure, Skin Temperature
and much more.

Typically each tank would be fitted with an LTD gauge, two further level gauges configured
as a Primary and Secondary, and an Alarm Gauge. The LTD gauge is a servo operated unit
mounted on the tank roof. The purpose of the LTD gauge is to take accurate profiles of
temperature and density throughout the liquid, and whilst not profiling provide
continuous liquid level, temperature and density measurement. The Primary and
Secondary gauges can be either servo and or radar operated units also mounted on the
tank roof. The purpose of these gauges is to provide continuous liquid level measurement,
and average liquid temperature measurement. They provide redundancy on the
measurement of level and temperature. The average liquid temperature is derived from a
multi point temperature sensor device. The alarm gauge is often a servo or radar based
gauge configured to provide volt free contact alarm status to an independent system.

An LMS system can operate in a simple standalone configuration or as a fully redundant
system where security and integrity are of paramount importance. The LMS system has a
flexible and scalable architecture allowing it to be tailored to a number of different
applications easily.

2.3 IT security

Our warranty is valid only if the product is installed and used as described in the Operating
Instructions. The product is equipped with security mechanisms to protect it against any
inadvertent changes to the settings.

IT security measures, which provide additional protection for the product and associated
data transfer, must be implemented by the operators themselves in line with their security
standards.
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3 Incoming acceptance and product
identification
3.1 Incoming acceptance

On receipt of the delivery:

1. Check the packaging for damage.
~ Report all damage immediately to the manufacturer.
Do not install damaged components.
2. Check the scope of delivery using the delivery note.

3. Compare the data on the nameplate with the order specifications on the delivery
note.

4. Check the technical documentation and all other necessary documents, e.q.
certificates, to ensure they are complete.

ﬂ If one of the conditions is not satisfied, contact the manufacturer.

3.2 Product identification
The following options are available for identification of the software:

= Nameplate specifications

= Order code with breakdown of the software features on the delivery note

= Enter serial numbers from nameplates in Device Viewer
(www.endress.com/deviceviewer): All information about the software is displayed.

For an overview of the technical documentation provided, enter the serial number from
the nameplate in the Device Viewer (www.endress.com/deviceviewer).

3.2.1 Nameplate

The information that is required by law and is relevant to the product is shown on the
nameplate, e.g.:

= Manufacturer identification

= Product name

= Order code

= Extended order code

= Serial number

= Barcode

3.2.2 Manufacturer address

Endress+Hauser SE+Co. KG
Hauptstrale 1
79689 Maulburg, Germany

Place of manufacture: See nameplate.

3.2.3  Order code and product version

To find out the version of your software, enter the order code indicated on the
nameplate in the search screen at the following address:
www.products.endress.com/order-ident

8 Endress+Hauser
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4 Rollover Prediction
ﬂ See Appendix B for Ethane specific information.

The rollover prediction algorithms are based upon a lumped parameter model using
energy and material balance equations. The model also takes into account boil-off using
thermodynamic principles.

The model allows the user to visualise the evolution of temperature, density, layer
thickness of the stratified layers within a tank from an initial condition for temperature,
layer depth and composition. The change in boil-off rate and vapour pressure can also be
visualised with time.

The illustration below summarises the various parameters that are considered within the
model.

qQue ——m 3 -a— (.

A0055061

23]
—

Rollover prediction parameters

Vapour
Film
Upper layer
Lower layer
Boil-off, molar vapourisation rate from vapourising film
External recirculation
, k Heat and mass transfer coefficients across the interface, respectively
in Molar flow rate into LNG tank
out Molar flow rate out of LNG tank
qs Heat leak rate into bottom of LNG tank
qu. Heat leak rate into lower layer from side wall of LNG tank
qr Rate of heat transfer from vapour space to vapourising film
q: Heat leak rate into vapour from dome of LNG tank
qu. Heat leak rate into upper layer from side wall of LNG tank
qy Heat leak rate into vapour from side wall of LNG tank

SO WN =

==

Heat and mass transfer between the stratified layers are incorporated in the model using
heat and mass transfer coeffcients. Heat and mass transfer coeffcients can be fed in by the
user or calculated from a built-in empirical correlation assuming turbulent conditions
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inside the individual layers. In addition the model offers a novel approach where heat and
mass transfer coeffcients can be calculated from the real time LTD profiles using the
inverse methodology.

4.1 Inverse methodology

The novelty of the model comes from its ability to estimate heat and mass transfer
coefficients from the real time level-temperature-density (LTD) profiles using the inverse
method.

The governing equations of the lumped parameter model are first solved for the initial set
of heat and mass transfer coefficients to estimate the change in density of the stratified
layers over a specific time. LTD profiles taken over the same period provide the actual
change in density of stratified layers in the tank. In the inverse method, the lumped
parameter model is iteratively solved by performing a directed search and by varying a set
of heat and mass transfer coefficients until the estimated density change matches with the
actual density change (obtained from LTD profiles) providing a unique set of heat and
mass transfer coefficients.

4.2 Preferential boil-off
ﬂ See Appendix B for Ethane specific information.

LNG is mainly comprised of methane, ethane, propane, and butane with traces of nitrogen.
The boiling points of these species vary considerably with nitrogen boiling preferentially
followed by lighter hydrocarbons. The lumped parameter model incorporates preferential
boil-off of more volatile species using Vapour Liquid Equilibrium. The saturation pressure
of individual species is obtained from Antoine equation, which estimates the highest
saturation pressure for nitrogen followed by methane, ethane, propane and butane.

4.3 Flash Calculations

Flash calculations are particularly relevant when the tank is filled from the top and during
any external recirculation operation. Flash calculations are performed for the
abovementioned operations if tank pressure is greater than the dew point pressure and
smaller than the bubble point pressure. The phase fraction of a particular filling rate or
recirculation rate going into the vapour space is estimated based upon the composition and
temperature of the product fed or recirculated and the tank pressure.

4.4 Assumptions

The prediction model is based upon the following assumptions:

= The tank is initially stratified and the compositions of at least one liquid layer is known.

= An LTD profile exists for the tank. For the inverse mode, two profiles are required
(alternatively profiles can be entered manually).

= The heat leakage rates remain constant for the duration of the calculation.

4.5 Input Parameters

The following list identifies the inputs required to the model. When the model is ran with
an LNG Tank Management System most of the data is already available within that
system.

Endress+Hauser
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Where data items are not available they can either be entered manually, read from the

DCS or any other devices capable of providing the data:

s Tank pressure

= Vapour temperature

s Tank strapping table

= Time for running the prediction (maximum duration)

= Time step for generating the outputs

= Compositions of stratified liquid layers and vapour space in the tank (the model may
estimate the missing compositions from the LTD data). Where pre-defined compositions
are available in Tankvision LMS, the composition which most closely matches the
temperature and density of the layer can be automatically selected.

= Rates and durations for filling, emptying and recirculation, as well as composition in case
of filling the tank

= Heat leakage rates into the tank, or the following in order to calculate them; average
temperatures inside and outside of the tank, number of insulating layers, thickness of
insulating layers and thermal conductivity of insulating materials

= Physical properties such as thermal conductivity, thermal diffusivity and kinematic
viscosity if known (otherwise the model may calculate them)

s Vent pressure and design pressure for alarm annunciation

= The user needs to specify the mode of heat and mass transfer coefficients calculation:
manual, empirical or inverse mode

s The user needs to specify either automatic, manually picked or manually entered mode
of profile selection

= A proportionality constant, in case of using empirical mode to estimate heat transfer
coefficient

= Heat and mass transfer coefficients in case of using manual mode

s Level, temperature and density of each layer in case of manually entered profile

4.6 Model Features

The simulation can be performed for any profile available in the profile history by using
the manual profile selection. Automatic profile selection uses the last profile available in
the profile history for empirical and manual modes and the last two profiles for the inverse
mode. Alternatively the required inputs characterizing layers may be filled in by the user in
'manually entered' mode.

The model can incorporate various tank operations such as tank filling (top or bottom),
tank emptying (top or bottom) and external recirculation.

The model recommends top or bottom filling depending on the density of the new product
and the density of the product already in the tank.

4.7 Model Predictions

The model will determine the time until rollover as the period it takes for the density
equalisation. The user will be guided to save the output data obtained from the model
predictions, which can later be used to compare and contrast the predictions for various
operations.

The following parameters are also calculated for each prediction:
= Time to rollover

= The normal boil-off rate

= The peak boil-off rate

= The maximum vapour pressure

= The product lost until roll-over event

= Heat transfer coefficient

= Mass transfer coefficient

11
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4.8 Displayed warnings

The model will display the following warnings depending upon the calculated data:

= QOccurrence of rollover within the prediction time

= Warning: Risk of venting to atmosphere.
If the predicted vapour pressure exceeds the specified vent pressure, the model will
annunciate this alarm.

= Warning: Risk of tank damage.
If the predicted vapour pressure exceeds the specified design pressure, the model will
annunciate this alarm.

Endress+Hauser
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5 Rollover Prediction Software

The rollover predictions are subject to tank pressure and vapour temperature which can be
specified manually by selecting Configuration menu on LNG tank management GUI screen
and then by selecting the Manual Data option. Select the appropriate tank and gauge, tick
the checkbox and set the vapour pressure and temperature fields to appropriate values.
Generally, LNG/Ethane is stored just above atmospheric pressure. The densitometer gauge
device is used in order to retrieve all the profile data. Tank diameter and tank height are
calculated from the Tank Capacity Tables.

5.1 Setting up a simulation

To launch the rollover prediction module first open Tankvision LMS and then click on the
rollover prediction button () on Tankvision LMS GUI to open rollover prediction
software. This will invoke a blank window with menu on the top. From the menu bar select
Prediction > New. This will invoke a pop-up window as shown below.

| @ Rollover Prediction Properties @
‘ General Tank TK101
Name TK101 - 17 May 2021
Tank
Operations
System Configuration Tank Configuration
Pick Tank ’ g Edit
‘ i o " Rollover Prediction Analysis Period Edit o Tenk Pressures .
o« Physical Properties of NG Edit o Heatleskage Rates  Edt
Cremical  VowourPresswe
Composition
" Vapour Temperaturs Edt

2 Rollover Prediction Properties

5.1.1 General

Select a tank from the drop down list and edit the automatically generated prediction
name if desired.

Tank Pressures and Heat Leakage Rates can be configured by clicking the Edit link at the
side of the relevant item. This opens a configuration screen as shown.

13
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a Tank Settings @
TK101 Pressures
K202 Vent Pressure 0077 | Barg
TK303
TK404 Design Pressure 0.087 | Barg
Heat Leakage Rates
Manual Heat Leakage Rates
Bottom 124518 | W/m'
Sidewalls 7.2000 | W/m
Top 94488 | W/m
3 Tank Settings

Here you can tick the Manual Heat Leakage Rates box and enter the Bottom, Sidewalls
and Top leakage values. To copy the heat leakage rates from another tank, click the Copy
button and then choose the source tank from the list. Alternatively they can be calculated.

In order to do this leave the Manual Heat Leakage Rates option unchecked and click the
Calculate button. This will display the screen shown.

~
£ Heat Leakage Rates [ ‘
Top (9.4488 W/m?) Bottom (12.4533 W/im?) Sidewalls (7.2000 W/m?)
Average temperature . Average temperature . Average temperature .
outside the top 2000 °C outside the bottom 2000 °C outside the sidewalls 20.00 *C
Average temperature s . Average temperature - . Average temperature . .
inside the top HGL00}:G inside the bottom 1B0. DG inside the sidewalis 160.00{°C
Top Layers Bottom Layers Sidewall Layers
Layer Thermal Layer Thermal Layer Thermal
Thickness Conductivity Thickness Conductivity Thickness Conductivity
(mm) (W/m/K) o (mm) (Wim*/K) - (mm) (WIm*/K) -
Layer 1 1,143 0060 [¥x] Layer 1 76 0350 [x] Layer 1 1,500 0060 (x]
Add | Layer 2 a4 0350 (%] ([ Ak _]
Layer 3 635 0045 [
[ Ad |
[ |

4 Calculate heat leakage rates

In case of calculating heat leakage rates, the user needs to specify the average temperature
outside and inside the tank at the top, bottom and sidewalls of the tank, the number of
insulating layers and the thickness and thermal conductivity of each of them (see
"Appendix" for specific values).

Vapour Pressure and Vapour Temperature settings can be configured by clicking the
Edit link at the side of the relevant item. This opens the Manual Data input screen as

shown in the following figure. To see extended items click on the mortarboard icon at the
top left of the window.

Endress+Hauser
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s Manual Data E

[] Product Level

[] Product Temperature 0.00 °C

[ Oil Depth 0 mm
[] Water Level 0/mm
[V Product Pressure 1.090 |Bara
Reference Density 1,000.00 | kg/m*
[J Observed Density 1000.00 | kg/m®
[] Observed Temperature 5.00 ¢
Vapour Temperatura -150.00|"C
Vapour Pressure 1.000|8ara
Base Pressure 1090 | 3ara

[ Free Water Volume ) | tr

[V] Air Pressure 1.090 | Bara
[ Air Temperature 15.00 | *C
[[] stratification Status Unknown
/| Suspended Water 0.00 | %
/| Suspended Sediment 0.00 | %
/| Observed Pressure 0.000 | Bara
oK Cancel Apply

5 Manual Data

The duration of the simulation to be run must be configured (maximum 99 days) as well
as the time steps at which you want the outputs to be displayed. To do this click the Edit
link at the side of the Rollover Prediction Analysis Period item.

This opens a window as shown in the following figure.

o Y

e General Settings
Default Duration 14': days
Default Time Step 1:00 | hrs:mins

OK I l Cancel I

6 Analysis Period Configuration

The physical properties of the product such as thermal conductivity, thermal diffusivity and
kinematic viscosity can be specified in the Physical properties of LNG screen. To do this
click the Edit link at the side of the Physical Properties of LNG item.

This will open a configuration window as shown in the following figure.

Endress+Hauser 15
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) Physical Properties of LNG =

Manual Physical Properties [
Thermal Conductivity
Thermal Diffusivity

Kinematic Viscosity

0.185 W/m/K
0.0000001267 m?/s

0.0000002787 m?/s

7 Physical properties of LNG

By leaving the tick box empty the user may leave this data to be calculated by the model
from the product properties such as temperature and density.

5.1.2  Tank Operations

To specify various tank operations such as tank filling, tank emptying and external
recirculation, select Tank Operations from the tabs on left hand side. This will display the
screen shown below.

-

Cancel

Please select the composition of the product being fed into the tank

3 Rollover Prediction Properties [
General Is the tank currently being recirculated? Yes v
Will recirculation continue for the entire duration of the Rollover Prediction? No >
Tank
Operations Please enter the time remaining for the recirculation 0:00:00 | days:hrs:mins
Pick Tank Please enter the recirculation rate 118.800 | m*/hr
Profiles
Is the tank currently being filled? Yes ~
Chemical
Composition Will filling continue for the entire duration of the Rollover Prediction? No N
Please enter the time remaining for filling 0:13:00 | days:hrs:mins
Please enter the filling type Top ¥
Please enter the temperature of the product being fed into the tank -160.00 | °C
Please enter the filling rate 260.000 | m*/hr

Is the tank currently being emptied? Yes ®
Will emptying continue for the entire duration of the Rollover Prediction? No y
Please enter the time remaining for emptying 1:00:00 | days:hrs:mins
Please enter the emptying type Top v
Please enter the emptying rate 260.000 | m*/hr
Back | [ Net |[ Run

8  Tank Operations

Select the appropriate option to turn the External Recirculation on or off. Recirculation
rate, at which the product is taken out from the bottom of the tank and filled in from the
top along with the duration of the process, needs to be specified if the external
recirculation is selected.

Select the appropriate option to determine if the tank is currently being filled.

If it is specified that the filling will not continue throughout the entire duration of the
prediction then the time remaining for filling must be specified.

Endress+Hauser
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Other items that must be configured for filling are:

= Filling type - Top or Bottom

= Temperature of the product being fed into the tank

= The filling rate

= The composition of the product being fed into the tank

Select the appropriate option to manage the configuration of any emptying process which
is currently ongoing.

Similar to the filling configuration, the duration, type and rate of the emptying must be
configured.

5.1.3 Pick Tank Profiles

B Rollover Prediction Properti
General Model Type Inverse
Profile Selection Manually Selected =
Tank
Operations Inital Profile Date 18/04/2021 m
Pick Tank Initial Profile 18/04/2021 14:58
Profiles T
Final Profile 120/04/2021 17:05
Chemica
Composition

Cencel Back Next Run

9  Pick Tank Profiles

The model provides two methods of calculating heat and mass transfer coefficients, which
are used to estimate heat and mass transfer rates between the stratified layers of the tank,
namely the manual and inverse modes. This can be selected by changing the Model Type
option.

For the Manual mode, heat and mass transfer coefficients need to be specified manually.
The inverse mode uses two real time LTD profiles in order to estimate heat and mass
transfer coefficients from the change in density of the stratified layers of the two profiles.

Both modes can be used with any of the stratified profiles available in the profile history,
or LTD data provided by the user. The profiles can be either selected automatically or
manually by the user. In absence of an LTD profile a single set of data characterizing levels,
temperatures and densities of both liquid layers can be manually entered. For an
automatic profile selection, the last profile available in profile history is used for both the
manual and the empirical modes and the last two profiles, separated by at least 6 hours,
are used for the inverse mode. Under the Manual Profile Selection, the exact day, month,
year and time in hours and minutes need to be specified from the dropdown boxes as that
of the profile to be used to run the model.

17
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5.1.4  Chemical Composition

ﬂ See Appendix B, section "Composition’, for Ethane specific information.

To specify the composition for both liquid layers and the vapour space, select Chemical
Composition from the tab on left hand side. This will display the screen shown below.

e Rollover Prediction Properties
General Component Molecular Lower Layer Upper Layer Vapour Space
Mass (%) (%) (%)
Tank Custom ¥ | | Custom v | | Custom N
Operations -
[7<] | Methane (CHa) . 6.0426 94,700 96,500 96,500
Pick Tank v =
B 17<| | Ethane (C2He) v 30.0694 4,400 2.000 2.000
p Propane (C3Hg) v 44,0962 0.700 1.000 1.000
Chemical @
Composition 7<| | nButane (n-Catio) “| | se1230 0.100 0.100 0.100
[ | Nitrogen (N2) o| [ 280134 0.100 0400 0400
Total: 100.000 100.000 100.000
Density (kg/m’): 439.16 43473
Cancel | Back J Next [ Run }

10  Chemical Composition

The composition of each of the Lower Layer, Upper Layer and Vapour Space should be
entered.

There are four ways of doing this which can be selected from the drop down list under the

layer name:

= Estimated (Vapour Space Only)
The composition is to be estimated by the model.

= Automatic
The pre-defined composition which closest matches the temperature and density of the
model will be used.

= Name
The pre-defined composition set with the selected name is to be used.

= Custom
The details of the components to be used are specified. When Custom is selected, the
various components of the product can be selected from a drop down list of species. The
molecular mass of the selected species will be automatically displayed. When a
component is selected in the last row, a new component will automatically be added.
Components can be removed by clicking the X sign on the left-hand end of the row.
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6 Run & Post-processing

Once the model is set up, click the OK button on the bottom of the window. This will
launch the simulation. The execution of the model should normally take around 5 minutes
depending on the mode of heat and mass transfer coefficients calculation you have chosen
and the set duration.

Whilst the model is running the screen shown below will be displayed.

TK101 - 17 May 2021

Running Rollover Prediction Model

Cancel. Stop the current rollover prediction medel run.

Close. If you close this window you will be notified
when the rollover prediction model has completed.

11  Prediction running

To cancel the current model run, click Cancel button. To hide the screen, click the Close
button. Whilst the model is still running an icon will be displayed in the Windows
notification tray.

After the calculations are complete, a screen similar to the one shown below will appear.

b
TK101 - 17 May 2021

Rollover prediction completed successfully

®): Create New View

Add to existing view

() View Results Later

12 Rollover calculations complete

If the model has failed to run successfully, details of the error will be displayed.
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If the model has completed successfully there are three options:
= Create New View
Show the results in a new pane in the main window.
= Add to existing view
If there are already results open in the main window, an existing set of results can be
selected to which the new model run results can be added for comparison.
= View Results Later
Do not display the results. The results will still be saved for later viewing

When the new view option is selected, the results are shown in a new pane in the main
window as show below:

-
) Rollover Prediction =)
Prediction View Help
+ #/ Ax aa View Standard -
Multiple Predictions [Standard] x
Prediction [ Recirculation -
] = =
Start Selected Stop TK101

Unknown

Level {(mm)

WARNING! Risk of venting to the atmosphere
WARNING! Vapour pressure exceeded the tank design pressure. Tank may get damaged
5 N Rollover Occurs Before End Date Is Reached

Bottom Top Depth Density Temperature
(mm) (mm) (mm) (kg/m®) C)

Top 20,727 23,264 7,537 432.85 -161.17

Denstty (kg/m?)
+0 Days, 00 Hours +0 Days, 00 Hours +6 Days, 15 Hours
(>

13 Rollover results

If the model predicts the possible occurrence of rollover before the end date, a warning
message will be displayed below the tank image.

Similarly, if the estimated vapour pressure exceeds the preset values of the vent pressure
and the tank design pressure, warnings indicating the risk of venting to atmosphere and
the risk of tank damage will be triggered.

The graph on left of the Rollover Prediction screen shows a plot of liquid level against
density. The green solid line represents the initial condition, while the red one the
predicted end profile. The time slider allows the user to view the predicted change in the
profile either as a movie (after clicking play button) or by manually setting the time slider
to a given point in time (displayed above the slider).

The table at the bottom of the screen indicates the top and bottom positions of the upper
and lower layer, along with layers’ depths, densities and temperatures. As the time slider
is moved, the numerical data is updated in the table to reflect the predicted conditions at
that time.

As density equalization is the criterion for the occurrence of rollover, the rollover
prediction model terminates once the uniform density of the stratified layers is reached
displaying the message "Rollover Occurs Before End Date Is Reached" on the screen. If
rollover does not occur until the specified end date, the software displays the message "End
Date Reached".

If tank emptying operation is ticked on and density equalization occurs before end date is
reached, the software displays the message "Rollover Occurs Before Tank Is Emptied" on
the screen. If tank emptying operation is ticked, as soon as the depth of either lower or
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upper layer becomes smaller than 0.1 m, the rollover prediction model is terminated
displaying the message "Tank Emptied Safely" on the screen.

A unique feature of the rollover prediction model is its ability to infer heat and mass
transfer coefficients from the real time LTD profiles. The inverse method uses the two LTD
profiles which are at least 6 hours apart (for a considerable change in temperature and
density). The inverse method then estimates the heat and mass transfer coefficients that
match the calculated density change with the corresponding value obtained from the LTD
profiles over the same period of time. The heat and mass transfer coefficients, estimated
using the inverse method, are displayed in the summary screen. The same heat and mass
transfer coefficients values, as those predicted, are used for rollover prediction when the
Inverse mode is selected by the user.

Using options from the toolbar you can view a printed version of the current window, print
it, increase or decrease font size and view different results, respectively.

6.1 Viewing Predictions

In order to view different screens with predictions of the simulation use the drop-down
View list on the right of the toolbar.

The options given are as follows:
= Standard (one displayed by default, after finished simulation)
= Convergence Graph

= Summary

= Boil-off Rate Graph

= Density Graph

= Layer Thickness Graph

= Temperature Graph

= Composition Graph

= Calorific Value Graph

= Qutput data

= Composition Output Data

= Document view

Using the Add and Remove options from the Prediction menu you can load multiple
predictions. In the Standard view, in order to switch between different predictions use the
Prediction drop-down list above the density profile (available only in the multiple
predictions mode). Same list is provided in all table displays.

For all the graphical displays, multiple predictions are plotted on the same chart to provide
better means of comparing them. You can also check settings of each simulation using the
Properties option from Prediction menu. For every new simulation you run a new tab will
be displayed on the top of the screen.

Here, we illustrate the model predictions for the scenario with external recirculation and
without external recirculation.
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6.2 Density and Temperature Convergence

On selecting Convergence Graph from the drop-down menu list, the screen shown below

will appear.

T g~ = W T |
[Broacson wew rep 1
# . A A View Convergence Graph.
| Muttiple Predictions [Convergence Graph] [
Density and Temperature Convergence
— —
Recirculation - Density Convergence No R lation - Density Ci
— =
0.80- Recirculation - Temperature Convergence No Recirculation - Temperature Convergence
350_ M seere . - -~ - - -
= E )
0.80+ I
- 3.00
0.70-F r
o~ F_280
18] SE g
£060+% P
g B B
=
+ 8 2.00
Bosor E B
& o
£ onid
% %9012 1 50-
] 5
o C -
§o30 g -
Ll L
[ 1.00
020 -
C 050
0.10- I
0.00-  0.00 . j . | . y
0.00 1.16 231 347 463 579 6.94
Convergence Time (days)

14  Convergence Graph

Two Vertical axes are Temperature and Density Gradients respectively and the Horizontal

axis is Convergence Time.

As explained previously — the criterion for rollover occurrence is the density equalization.
In addition - the graphs are plotted only until the density convergence is reached.

This illustration confirms the existence of a temperature gradient just before the rollover,
in accordance with the Temperature Evolution profile.
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6.3 Evolution of Boil-off Rate

On selecting Boil-off Rate Graph from the drop-down menu list, the screen shown below
will appear.

B Rollover Prediction =iE)
Prediction View Help

Multiple Predictions [Boil-off Rate Graph]

Evolution of Boil-off Rate

[——"1 —
Recirculation - Boil-off Rate No Recirculation - Boil-off Rate

Boil-off Rate (Kgmole/hr)
R

| | | | | | | |
Thu 30 Fri31 Sat1 Sun 2 Mon 3 Tue d Wed § Thué
Oct 2008 Date/Time

15  Boil-off Rate Graph

The boil-off rate is plotted against time for the two operations - with recirculation and
without recirculation.

It should be noted that the boil-off rate shown in the above figure is the total boil-off rate
which also takes into account the liquid escaped into the vapour space due to flashing. It
can be seen that the boil-off rate with recirculation is considerably higher than that
without recirculation, which is due to the fact that a significant amount of liquid is flashed
into the vapour space while recirculation is on. It can also be seen that recirculation
promotes the mixing between the stratified layers which triggers the rollover event quicker
than without recirculation. Thus, although boil-off rate is higher with recirculation on, due
to higher flash, the tank becomes homogeneous quicker than without recirculation.

For both the model predictions considered here, the boil-off rate is higher in the initial
stages, which is attributed to higher nitrogen concentration in the upper layer. For the
model predictions with recirculation on, the amount of liquid flashed into the vapour space
overshadows the change in boil-off rate at the time of rollover. However, the change in
boiloff rate at the time of rollover is more apparent in model predictions without
recirculation.

The temperature gradient between the stratified layers of the product is one of the most
significant parameters which control the change in boil-off rate. The higher temperature
gradient between the stratified layers just before rollover triggers the sharper increase in
the boil-off rate at the time of rollover.

The boil-off rate is also sensitive to tank pressure. The higher the tank pressure, the
smaller the boil-off rate.
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6.4 Evolution of Density of Stratified Layers

On selecting Density Graph from the drop-down menu list, the evolution of density will
appear as shown below.

]
B Rollover Prediction =N
Prediction View Help

« # Aa Aa View |Density Graph .

| Muitiple Predictions [Density Graph)]
k

Evolution of Density

== e — o
Recirculation - Upper Layer Densty Recirculation - Lower Layer Densty No Recirculation - Upper Layer Density No Recirculation - Lower Layer Denstty

436,00+ -nneennnns foenneoir g T S e e Bresnnenessnnaas bonnesnnnnead fresnes
T - R—— s amaiogansin R 1 Polesnsngsco: - ER—— TETERp—— L

435.00 : + - : e T

-
]
®
g

Density (kg/mv)

Point of density equalization
and hence rollover

434004

433504

] 4 S— CHS— ISTSPISUS TS mon— bt W 1

H H H H H
The 30 Fri3t Sat1 Sun2 Mon 3 Tue d Wed § Thué
Oct 2008 Date/Time

16  Evolution of Density

The density of the two stratified layers is plotted against time for the two operations -
with recirculation and without recirculation.

For both predictions, density of the lower layer decreases continuously with time and
density of the upper layer increases with time. The rate of change in density of the
stratified layers is different. The change in density is attributed to the change in
temperature and the change in composition of the product in the stratified layers.

The point of density equalization is the criterion for rollover, as the stratification no longer
exists after the rollover event due to the product in the lower layer mixing with that in the
upper layer.

It can be seen that by performing external recirculation, rollover occurs quicker than
without external recirculation.
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6.5 Evolution of Layer Thickness

On selecting Layer Thickness Graph from the drop-down menu list, the screen shown
below will appear.

B Rollover Prediction = E)
Predicton View Help

« # Aa Aa View Layer Thickness Graph -

Muitiple Predictions [Layer Thickness Graph] x

Evolution of Layer Thickness

= == === =
Recirculation - Upper Layer Depth Recirculation - Lower Layer Depth No Recirculation - Upper Layer Depth No Recirculation - Lower Layer Depth

E L - - - T . n > """ ‘

= - i | The two stratified layers merge
. | into one attaining homogeneous

24000 --cnnneennn -
r H state arter the rollover event.

22,0004

20,0004

18,000

Layer Depth (mm)

16,000

14,0001

12,0004

10,000 -

8,000

H . i H H H
The 30 Fridt Sat1 Sun 2 Mon 3 Tue d Wed S Tué
Oct 2008 Date/Time

17  Evolution of Layer Thickness

Layer thickness of the two stratified layers is plotted against time for the two operations —
with recirculation and without recirculation.

While recirculation operation is on product is taken out from the lower layer and fed back
to the top layer and hence thickness of the lower layer decreases with time while that of
the upper layer increases. With no recirculation, the layer thickness of both stratified
layers remains almost the same until the occurrence of rollover.

As the two stratified layers merge into one attaining the homogeneous state after the
rollover event, the effective layer thickness of the product after the rollover is equal to
summation of layer thickness of the two stratified layers just before the rollover.
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6.6 Evolution of Temperature of Stratified Layers

On selecting Temperature Graph from the drop-down list, the plot of evolution of
temperature will appear as shown below.

B Rollover Prediction o8
| Prediction View Help

| - Aa Aa View Temperature Graph -

l Multiple Predictions [Temperature Graph] x
|
[

Evolution of Temperature

— =
Recirculation - Upper Layer Temperature Recirculation - Lower Layer Temperature
== =
No Recirculation - Upper Layer Temperature No Recirculation - Lower Layer Temperature

-160.40-

-160.50-
-160.604-
-160.70-

-160.80-

Temperature (°C)

-160.904-

-161.004-

Temperature gradient still
exists just before rollover

-161.10-

-161.20-

Thu 30 Fid Sat1 Sun 2
Oct 2008 Date/Time

18  Evolution of Temperature

The temperature of the two stratified layers is plotted against time for the two operations
- with recirculation and without recirculation.

For both the predictions, the rate of the change in temperature of the stratified layers is
not exactly the same as the rate of the change in density of the stratified layers. This
reiterates the fact that the change in density is not only due to the change in temperature,
but also due to change in the composition of the product in the stratified layers.

The temperature gradient between the stratified layers controls the severity of the change
in the boil-off rate at the time of rollover and is addressed in the next section.
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6.7 Evolution of Composition

On selecting Composition Graph from the drop-down menu, the screen shown below will

appear.

.
B Rollover Prediction

[ESESET)

Prediction View Help

+ %/ Aa aa View Composition Graph -

88 [v Multiple Predictions [C Grapn]  No [c

Filter

Layer (Upper v

Components ] Methane (CHa) [¥] Ethane (C2He) [¥] Propane (CaHs) [¥] n Butane (n-C4H10)  [¥] Nitrogen (N2)

Evolution of Composition

[—=
Ethane

—
Propane

w=
n Butane

—
Nitrogen

T

3504

3.004

2504

2.004

Composition (%)

1504

1.004---

0.50+

T

0.00

Thu 30 Fri31 Sat 1 Sun2 Mon 3

Tued Wed S
Date/Time

Oct 2008

19  Evolution of Composition

The composition in mole percentage is plotted against time. It is possible to switch

between the compositions of the stratified layers and the vapour space.

For the sake of better clarity methane was excluded from the chart, since its composition is
of higher order of magnitude then the other components. However it can be easily plotted

by ticking the appropriate box.
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6.8 Evolution of Calorific Value

On selecting Calorific Value Graph from the drop-down menu, the screen shown below
will appear.

B Rollover Prediction [E=REEN )

Prediction View Help

« # Aa aa View|Calorific Value Graph |

88 JV Multiple Predictions [Calorific Value Graph] No Recirculation [Calorific Value Graph]

Evolution of Calorific Value

—_— — ———
Lower Layer Upper Layer Vapour Space

Calorific Value (MW/nv)
N

Calorific Value (kJn7)

Sun 2
Oct 2008 Date/Time

20  Evolution of Calorific Value

The Calorific Value of the stratified layers (solid line) and the vapour space (dashed line) is
plotted against time. Two different scales are used on the Calorific Value axis, as there is a
significant difference in the order of magnitude of liquid and gaseous phase of natural gas.
Same as previously you can plot a couple of scenarios on one graph.

6.9 Predictions summary

The output data from each prediction is saved to a file. On the Summary screen from the
drop-down list up to two predictions can be visualised simultaneously allowing the user to
compare and contrast the model predictions for two different operating conditions.

The following parameters are also calculated for each prediction:

= Time To Rollover

= The Normal Boil-off Rate

= The Peak Boil-off Rate

# The Maximum Vapour Pressure

® The product lost until roll-over event

= Heat Transfer Coefficient and Mass Transfer Coefficient used in the model

The above information will be displayed on the Summary screen as shown below.
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X
B Rollover Prediction [E=REEN

Prediction View Help

o # A2 Ax View Summary .

Multiple Predictions [Summary] x

No il Di
Prediction Start Date 29/10/2008 29/10/2008
Time To Rollover +6 Days, 15 Hours +7 Days, 08 Hours -2 Days, 17 Hours
Normal Boil-off Rate 294.9064 21.9962 2729102 Kgmole/hr
Peak Boil-off Rate 4421759 124 4655 317.7104 Kgmole/hr
Maximum Vapour Pressure 1.120 1.069 0.051 Bara
Lost Product 775448 90,368 684,580 kg
Heat Transfer Coefficient 4999879 49.99379 0.00000 WimiK
Mass Transfer Coefficient 0.0004897242 0.0004397242 0.0000000000 Kgmole/m*/s

21  Summary

You can see in the figure above that the Peak Boil-Off Rate and the amount of Lost
Product is considerably higher when the tank is recirculated.

In order to view the output data in a tabular form choose Output Data from the drop-
down list. In case of multiple predictions you can switch between different tables.

The parameters given in each column are as follows:
= Date/Time

= Elapsed time

= Lower layer thickness

= Upper layer thickness

= Boil-off rate

= Lower layer temperature
= Upper layer temperature
= Lower layer density

= Upper layer density

= Heat transfer coefficient
= Mass transfer coefficient
= Mass lost

= Excess vent-out

= Lower layer CV

= Upper layer CV

= Vapour space CV

The above parameters are displayed below.
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) Rollover Prediction [E=EENSe)
Prediction View Help
« #/ Ah aa View Output Data al)

Muitiple Predictions [Output Data] x

Preccton  (Recrcua 3
— Nk
(mm) (mm) = C) C) (kg/m®) (kg/m®) (WIm*/K)

2011072008 15:05 000:00 20727 7,537 220 -16036 16147 43625 43285 49.9987| 2
201072008 16:05 001:00 20663 7501 4741995 -16037 16119 43624 0 49.9987|
2011072008 17:05 00200 20509 75645 4602369 -16037 16120 43623 43200 499087 |
2910/2008 18:05 00300 20535 7,700 4434040 -16037 16120 4323 43305 49,9087
2011072008 19:05 00400 20472 7754 4378356 -16038 16120 43622 43311 499987
29/10/2008 20:05 005:00 20,408 7,809 428.4140 -160.38 -161.20 436.21 433.17 49.9937
29/10/2008 21:05 006:00 20,344 7,864 420.0646 -160.38 -161.20 436.20 433.21 49.9937'
2011072008 22:05 007:00 20280 7,920 4123587 16039 16120 43619 43326 49.9987
2011012008 23:05 008:00 20216 7,975 4050703 16039 16120 43613 43331 49.9987
30110/2008 00:05 009:00 20,153 8,031 3985463 -16039 46119 43647 43335 49.9087
301012008 01:05 010:00 20,089 8,086 3922722 -160.40 -161.19 43616 43330 499987
301012008 0205 011:00 20,025 8142 3864719 -160.40 16118 43615 334 49,9987
301012008 0305 01200 19,961 8,108 3809336 -160.40 16118 43614 43347 499987
301012008 04:05 013:00 19,898 8254 3757783 -160.41 16147 4314 43351 49,0987
30/10/2008 05:05 0 14:00 19,834 8,310 370.7636 -160.41 -161.17 436.13 433.54 49.99387
3011072008 06:05 01500 19,770 8,366 3662021 -160.41 16116 43612 43358 499087
3011012008 07:05 016:00 19,707 8422 3616405 -160.42 16115 436.11 43361 499087
30110/2008 08:05 017:00 19,643 8473 3575270 -160.42 -161.15 43610 43364 499087
30110/2008 09:05 018:00 19,579 853 3535286 -160.42 16114 43609 43368 499087
3011072008 10:05 019:00 19,516 8501 3495439 16043 16114 43608 43371 499987
30/10/2008 11:05 020:00 19,452 8,648 346.0951 -160.43 -161.13 436.08 43374 49.9937
301012008 1205 02100 10,388 8704 3426463 16043 46113 43607 43377 49.9987
3011072008 13:0 02200 19,325 8761 3391975 16044 46112 43606 43380 49.9087
3011072008 14:05 02300 19,261 8313 3362100 16044 461141 43605 4333 49.9987
3?/1(’/7003 1505 10000 19 193'" AR74 3333131 -160 44 ] -161 11 436 N4 43375 499987 7
3 )

® 22  Output Data

Same applies to the Composition Output Data screen. The change in composition until
rollover can be viewed in a tabular form with the same options of switching between
different tables as before.

The parameters given in each column are as follows:

= Date/Time

Elapsed time

Mole percentage of the given components in the Lower Layer
Mole percentage of the given components in the Upper Layer
Mole percentage of the given components in the Vapour Space

The above parameters are displayed on the screen shown below.

) Rollover Prediction

Prediction View Help
o # Aa aa View Composition Output Data - l».,

Multiple Predictions [Composition Output Data] x

predcton 5
Elapsed Time Lower Layer Lower Layer Lower Layer Lower Layer Lower Layer Upper Layer Upper Layer  Upper Layer Upper L «
Date/Time (days hrs:min) Metha(ne (CHa) Ethane (C2He) Propar(\; §C:Hs) n Bulam(a (v; C4H10) errog(;er)! (N2) Memane)(CHa) Ethane (C2He) Propar(\e ;CaHa) n Buvani ([

29/10/2008 15:05 000:00 9470 440 0.70 0.10 0.10 96.50 200 1.00 =
29/10/2008 16:05 001:00 947 439 070 0.10 0.10 96.48 203 1.00
29/10/2008 17:05 002:00 947 433 0.70 0.10 0.10 96.46 206 0.99
29/10/2008 18:05 003:00 9472 438 070 0.10 0.10 96.44 209 0.99
29/10/2008 19:05 004:00 9472 437 070 0.10 0.10 96.41 212 099
29/10/2008 20:05 005:00 9473 436 070 0.10 0.10 96.39 214 0.99
29/10/2008 21:05 006:00 9472 435 07 0.10 0.1 96.37 217 098
29/10/2008 22:05 007:00 9474 435 on 0.10 0.1 96.35 220 098
29/10/2008 23:05 008:00 9475 424 07 0.10 0.1 96.34 222 098
30/10/2008 00:05 009:00 94.75 433 071 0.10 0.1 96.32 225 097
30/10/2008 01:05 010:00 9476 432 (k4] 0.10 01 96.30 227 097
30/10/2008 02:05 011:00 9476 432 (kg 0.10 011 96.28 229 097
30/10/2008 03:05 012:00 9477 43 07 0.10 01 96.26 232 097
30/10/2008 04:05 013:00 9477 430 07 0.10 011 96.25 234 097
30/10/2008 05:05 014:00 9478 430 07 0.10 011 96.23 236 0.96
30/10/2008 06:05 015:00 9478 429 071 0.10 0.1 96.21 238 0.96
30/10/2008 07:05 016:00 9479 428 07 0.10 0.11 96.20 241 0.96
30/10/2008 08:05 017:00 9479 428 072 0.10 0.12 96.18 243 0.96
30/10/2008 09:05 018:00 9430 427 072 0.10 0.12 96.16 245 095
30/10/2008 10:05 019:00 9430 426 072 0.10 0.12 96.15 247 0.95
30/10/2008 11:05 020:00 9451 426 072 0.10 0.12 96.13 249 095
30/10/2008 12:05 021:00 94.81 425 072 0.10 0.12 96.12 251 095
30/10/2008 13:05 022:00 9482 424 072 0.10 0.12 96.10 253 095
30/10/2008 14:05 023:00 9432 424 072 0.10 0.12 96.09 254 094

- ?l’ll1 NRONR 15:05 1.00:00 Q423 = 423 n72 nin J n12 QR N 258 naa =

® 23 Composition Output Data
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Document View shown below.

The input parameters for each prediction are displayed in a combined form in the

E‘me‘ﬁm

Prediction  Configuration View  Help

| %/ Ad An View [Document View
Tesi6 [Document View] x

== |

General

Durafion” 10 days
Time Step: 01:00 hrs:mins

‘Tank Details

Tank ID: TK101

Height: 28 550 mm

Dameter: 49.711 mm

Vent Pressure: 1.090 Bar a
Design Fressure: 1.100 Bara
Tank Prossure: 1.040 Bara
Product: LNG
Stratiication Status: 0
Shralicalion Stalus Mode. Faise

Chemical Composition

Component Molecular | Lower | Upper | Vapour
Mess | Layer | Layer | Space
(%) %) (%)
Metnane (CHa) 160425 0470 650 0550
Ethane (CzHo) 30.0694 440 200 200
Propang (CaHz) 440362 070 1.00 1.00
n Butane (1-CyH1o) 581230 010 010 010
Niirogen (N) 280134 010 040 0.40
Filling
Typo: Neno
Emptying
Type. Nene
Flash Calculations
Staius - True

Frtomal Recirculatinn

24 Document View
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7 Viewing results

Whenever a Rollover Prediction is run, the results are stored in the Tankvision LMS
database to allow for future analysis of the results.

7.1 Open existing results

To open results of a previous model run, select Open from the Prediction menu on the
main window. A screen will be displayed showing previous results:

a Open Rollover Prediction @
Risk of
Run Date Name Tank Result Scheduled Rollover predicted
Rollover
17/05/2021 09:53 TK101 - 17 May 2021 TK101 OK @ 26/04/2021 07:34
[[] Add to existing view:  TK101 - 17 May 2021 [Standard] Ope!

25  Open Rollover Prediction

To view the results, select the required results and then click the Open button. To add the
results to a set of results that are already open, tick the Add to existing view option and
select the existing results to which the results are to be added for comparison before
clicking the Open button.

7.2 Import results

If the rollover prediction functionality has been used in earlier versions of Tankvision LMS,
it is possible to import the legacy data. This is done by selecting Import from the
Prediction menu on the main window and then selecting the .rpd file to be imported.

7.3 Re-running predictions

It is possible to run the rollover prediction model again for a given set of results. This
allows the input parameters to be tweaked to run what-if-scenarios.

To re-run a rollover prediction, open or import the previous results. Then choose
Configure from the Prediction menu on the main window. The same screen as that used
for creating a new model run will be displayed, but in this case it will be populated with the
input parameters from the selected model run.
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8 Scheduling rollover predictions

Rollover predictions can be scheduled to be run either on a timed basis or when a profile is
taken. This functionality is governed by a separate license option and will only be available
if licensed. To configure the schedule when rollover predictions are to be automatically
run, click on the Schedule option from the Prediction menu on the main Rollover
Prediction window. The following screen will be displayed:

-
8 Rollover Prediction Service Configuration ufﬂ@i@

File Configuration Help

-
j W 01 TK101
! TK202

e General
v ) oz

Alarms

i TK404

e Tank Operations
Pick Tank Profiles

Chemical Composition

Cancel Ap

26  Schedule Rollover Predictions

Each tank that can be configured for scheduled rollover predictions is listed on the left
hand side of the screen. The different parts of the configuration for each tank can be
shown in the list by 'expanding’ the tank either by double-clicking on the tank name or by
clicking on the arrow to the left of the tank name:
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@,} Alarms

e Tank Operations
LL Pick Tank Profiles

E Chemical Composition

27  Tank Schedule Details
8.1 Configuration
8.1.1 General

The General settings are used to define the name of the rollover prediction that will be
generated. This will always include the name of the tank. In addition, the date/time the
prediction was run can also be used:

Date Stamp Prediction

Time Stamp Prediction

28  General settings

If neither date nor time stamps are used, then each time the prediction is run only the
name of the tank will be used. This will cause the previous results to be overwritten.

8.1.2

A set of Alarms can be configured that may be raised depending on the results of running
a scheduled rollover prediction:

Alarms

Raise critical severity alarm when predicted time to rollover is less than 24 | hours,
Raise high severity alarm when predicted time to rollover is less than | 48 | hours.
Raise low severity alarm when predicted time to rollover is less than | 72 | hours.

Raise alarm when predicted time to rollover is more than hours.

Raise alarm when risk of venting to atmosphere is predicted.

Raise alarm when risk of tank damage is predicted.

29  Alarm configuration
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8.1.3

The Tank Operations that are taking place at the time the rollover prediction is to be run
should also be configured:

Tank Operations

Is the tank currently being recirculated? Yes v
Will recirculation continue for the entire duration of the Rollover Prediction?

Please enter the time remaining for the recirculation 14:00:00 | days:hrs:mins

Please enter the recirculation rate 162.000 | m*/hr

Is the tank currently being filled? Yes -

Will filling continue for the entire duration of the Rollover Prediction? No h

Please enter the time remaining for filling 0:13:00 | days:hrs:mins
Please enter the filling type Top .

Please enter the temperature of the product being fed into the tank -160.00 | °C

Please enter the filling rate 260.000 | m*/hr

Please select the composition of the product being fed into the tank Feed Composition e
Is the tank currently being emptied? Yes Y

Will emptying continue for the entire duration of the Rollover Prediction? No i

Please enter the time remaining for emptying
Please enter the emptying type

Please enter the emptying rate

1:00:00 | days:hrs:mins
Top v

260.000 | m*/hr

30 Tank Operations

These parameters are the same as used when doing an ad-hoc rollover prediction, see
"Tank Operations" in section "Setting up a simulation".

8.1.4 Pick Tank Profiles

The profile(s) to be used by the model when running the rollover prediction must also be
supplied. The main difference to running an ad-hoc rollover prediction is that the latest
profile is always used.

If the Manual model is selected, values must also be entered for the Heat Transfer
Coefficient and the Mass Transfer Coefficient.

Model Type Manual o
Heat Transfer Coefficient 49.99386 | W/m/K

Mass Transfer Coefficient 0.00049 | Kgmole/m*/s

31  Scheduled Manual Model

If the Inverse model is selected, details must also be given of how to determine the Initial

Profile.
Model Type Inverse ¥
Interval to Initial Profile 6.00 | hours
If initial profile is homogenous: | Do not run prediction v

32 Scheduled Inverse Model
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8.1.5 Chemical Composition

ﬂ See Appendix B, section "Composition’, for Ethane specific information.

To specify the composition for each of the liquid layers and the vapour space, select

Chemical Composition for the tank.

This allows entry of the chemical composition in the same way as when doing an ad-hoc
rollover prediction, see "Chemical Composition" in section "Setting up a simulation".

Component Molecular  Lower Layer

Mass (%)
Custom v
K [ Methzne (Cha) v] [ 160426 94700
7 Ethane (CoHe) v 300694 4400
75| | Propane (CsHa) v 440962 0.700
X | nButane (n-CaH1o) v 581220 0.100
K [ Nitrogan (N2 v 22012 0100
Total: 100.000

33 Scheduled Chemical Composition Parameters

8.2 Triggers

To add a trigger for a tank, select the tank and then click the add trigger (%) button. A list

of available triggers will be displayed:

o s bl

Hourly
Daily
Weekly
Monthly
Run Once
Interval

Device Profile

34  Select Trigger

Select the desired trigger type and it will be added to the tank entry:
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@ Alarms

a Tank Operations
LL Pick Tank Profiles

Chemical Composition

A\ Hourly Trigger

35 Rollover Prediction Trigger

8.2.1 Common trigger parameters

For any kind of trigger there are some common parameters. These are:
= Name
The name of the trigger.
= Enabled
Allows the trigger to be temporarily disabled without having to delete it and recreate it
when it is required again.
= Period Settings
Allows the trigger to be active for a limited period of time. There are three possible types
of period:
= None
Disables periodic triggering. The trigger will always be active (unless explicitly disabled
by unticking Enabled).
= Daily
The trigger will only be active between the entered Start Time and Stop Time each
day.
= Dates
The trigger will only be active between the entered Start Date/Time and Stop Date/
Time.

8.2.2  Hourly trigger

The hourly trigger is used to trigger a rollover prediction once an hour:

Settings
Name Hourly Trigger
Enabled
Minutes 0

Period Settings
Period None e
Start Time

Stop Time 23:59

36  Hourly Trigger Parameters
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In addition to the common parameters, an hourly trigger also has:
Minutes

Specifies the number of minutes past the hour when the rollover prediction is to be run.

8.2.3  Daily trigger

The daily trigger is used to trigger a rollover prediction once a day:

Settings
Name Daily Trigger
Enabled
Time 0:00

Period Settings
Period None b
Start Time

Stop Time 23:59
37  Daily Trigger Parameters

In addition to the common parameters, a daily trigger also has:
Time
Specifies the time of day when the rollover prediction is to be run.

8.2.4  Weekly trigger

The weekly trigger is used to trigger a rollover prediction once a week:

Settings
Name Weekly Trigger
Enabled
Day Of Week Sunday M
Time 0:00

Period Settings

Pericd None p
Start Time

Stop Time 23:59

38 Weekly Trigger Parameters

In addition to the common parameters, a weekly trigger also has:
= Day Of Week

Specifies the day of the week on which the rollover prediction is to be run.

= Time
Specifies the time of day when the rollover prediction is to be run.
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8.2.5  Monthly trigger

The monthly trigger is used to trigger a rollover prediction once a month:

Settings
Name Monthly Trigger
Enabled
Day First Day v
Day Of Month
Time 0:00

Period Settings

Period None pe
Start Time

Stop Time

39  Monthly Trigger Parameters

In addition to the common parameters, a monthly trigger also has:
= Day
The day of the month on which the rollover prediction is to be run:
= First Day
Specifies that the rollover prediction is to be run on the first day of the month.
= Last Day
Specifies that the rollover prediction is to be run on the last day of the month.
= Specific Day
Specifies that the rollover prediction is to be run on a specific day in the month. The
actual day is specified by the Day Of Month parameter.
= Day Of Month
Specifies the day of the month on which the rollover prediction is to be run when
Specific Day has been selected.
Note! Care must be taken in specifying the day. For example, selecting 29 will mean that
the rollover prediction is not run in February except in a leap year.
= Time
Specifies the time of day when the rollover prediction is to be run.

8.2.6  Run once trigger

The run one trigger is used to trigger a rollover prediction exactly once:

Settings
Name Run Once Trigger
Enabled
Time 18/05/2021 14:58

Period Settings

Period None -
Start Time

Stop Time

40  Run Once Trigger Parameters
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In addition to the common parameters, a run once trigger also has:
Time
The date and time at which the rollover prediction is to be run.

8.2.7 Interval trigger

The interval trigger is used to trigger a rollover prediction on a regular basis:

Settings
Name Interval Trigger
Enabled
Interval 1:00 | hrs:mins
Synchronisation Time 0:00

Period Settings
Period None
Start Time

Stop Time

41  Interval Trigger Parameters

In addition to the common parameters, an interval trigger also has:

= Interval
The interval at which rollover predictions are to be run.

= Synchronisation Time
A specific time of day at which the rollover prediction is to be run. Intervals will be taken
backwards and forwards from this time to determine when the rollover predictions are
to be run.

8.2.8  Profile trigger

The profile trigger is used to trigger a rollover prediction when a profile is completed by a
device:

Settings
Name Profile Trigger
Enabled

Device All Devices

Period Settings

v

Period None
Start Time

Stop Time

42  Profile Trigger Parameters

In addition to the common parameters, a profile trigger also has:

Device

The device whose profile completion will trigger a rollover prediction. Any device
connected to the tank which can take a profile will be listed. To trigger a rollover
prediction when any device on a tank completes a profile select All Devices.
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9.1 Thermal conductivity values

9.1.1 Concrete thermal conductivity

Temperature (°C) Conductivity (W/m-C)
60 1.77
25 2.00
-160 3.20
-180 3.33

9.1.2 HLB 800 Foamglass®thermal conductivity

Temperature (°C) Conductivity (W/m-"C)
60" 0.0430
10 0.0430
0 0.0415
-20 0.0385
-40 0.0358
-80 0.0314
-120 0.0281
-160 0.0252
-170 0.0244
1) assume the same values at 10 °C

9.1.3  Perlite thermal conductivity

Temperature (°C) Conductivity (W/m-C)
60" 0.0430
10 0.0410
0 0.0410
-20 0.0390
-40 0.0355
-80 0.0325
-120 0.0261
-160 0.0218
-170 0.0142
1) assume the same values at 10 °C
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9.1.4  Fibreglass insulation thermal conductivity

Temperature (°C) Conductivity (W/m-°C)
60" 0.0360
10 0.0360
0 0.0341
-20 0.0308
-40 0.0278
-80 0.0223
-120 0.0181
-160 0.0141
-170 0.0130
1) assume the same values at 10 °C

9.1.5 9% Nickel steel thermal conductivity

Temperature (°C) Conductivity (W/m-°C)
38.0 30.0
26.7 28.0
-40.0 26.0
-100.0 23.0
-170.0 16.5

9.1.6  Miscellaneous materials thermal conductivity

Material Conductivity (W/m-°C)
Carbon steel liner 41.0

Sand layers 0.60

Rock 2.0 (average)

42
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10 Appendix B

This section includes details that are specific to the bulk storage of 'pure’ Ethane.

The rollover model has now been extended to incorporate 'pure’ Ethane products. A
product is deemed to be 'pure’ Ethane if the mole fraction of the Ethane component is
greater than 85 %.

Internally, 'pure’ Ethane is expected to be composed of Ethane, Nitrogen and Methane.
Any other components entered in the system will be removed and their mole fractions
added to that of the Methane component.

10.1 Composition

The chemical composition screen incorporates checks to verify that the entered
composition is valid.

This is checked by calculating the density from composition and comparing it to the
measured density in the profile data. A warning is displayed if the deviation between these
2 densities is too large.

This is only checked for LNG products; Ethane products are not verified in this manner.
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