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"الرادارإستخدام قیاس محتوى الخزانات ب"  
 

  
بميزة تحسس كونه ال يالمس وال يتأثر بدرجة الحرارة أو الضغط أو الغاز أو لرادار يمتاز قياس المسافة با

اس ال تتأثر أيضا بالتغير في الكثافة أو عامل وباألضافة إلى ذلك فإن دقة القي. مركبات األبخرة داخل الخزان
التوصيل أو ثابت الكهرباء الثنائي وال بحركة الهواء أو مرور األتربة المتطايرة فوق سطح المادة المراد قياس 

ولقد جعلت هذه الخصائص مقاييس التعرف على أرتفاع المخزون في الخزانات على درجة عالية . علو إرتفاعها
العمليات الصناعية بعد تدني كلفتها نسبيا وعلو درجة األداء في مرسالت الرادار المستخدمة لمثل  من األهمية في
وأصبح إستخدام الرادار بذلك منافسا متميزا عند مقارنته بوسائل القياس بالموجات فوق الصوتية . تلك األغراض

ها لألنتقال، األمر الذي ال تتطلبه السابقة شيوعا والتي تتأثر ببعض ما ورد مع ضرورة وجود  وسط هوائي ل
  . موجات المايكروويف في الرادار التي تتنقل في الفراغ أيضا

  
وغيره من السوائل بشكل دقيق في الخزان ) كالغاز مثال(إن قراءات المقاييس لحجم النفط ومشتقاته السائلة 

ب أي إنحراف عن القراءات المأخوذة فقد يتسب. يكون أساس حسابات الجرد وقوائم الجداول التي تترتب عن ذلك
إلى نتائج سلبية غير مرغوبة خصوصا مع اإلرتفاع العالمي السعار النفط مما يجعل إستخدام أجهزة القياس الدقيقة 

  . أمرا واردا في الضرورة
  

ب لقد أصبحت تطبيقات قياس محتوى الخزانات بإستخدام الرادار شائعة ومستخدمة في الصناعة النفطية، فأغل
خزانات خزن النفط الخام المستخرج وخزانات مصافيه وخزانات الغاز وطرفيات الشحن والتسويق وخطوط 
اإلمداد والصناعات البتروكيمياوية تعتمد اليوم في دقة محتوى الخزانات على إستخدام هذا النوع من القياس الذي 

لكترونية األخرى لتجعل السيطرة على يتكامل مع تكنولوجيا ماديات وبرمجيات هندسة الحاسب واألجهزة األ
  . الخزين والتحكم في حالته متاحا وبمتناول أعلى درجات القرار وداعما لها

  
ويتطرق هذا المقترح التقني بعد التمهيد لمفهوم التقنية ومشروعية إستخدامها ومنافعها إلى أنواع المقاييس 

المقاييس وأجزائها، يأتي الحديث عن الخصائص الواجب وبعد التعرف على مركبات . المتاحة وفق نوعية التطبيق
توفرها في تلك المقاييس، ثم الهيكلية العامة في تطبيقات المقاييس واألجزاء الواجب توفرها معها إلنجاز مهماتها 

. حويقدم المقترح رسوم توضيحية لأليفاء بتقديم الفكرة التي يقدمها المقتر. واألجهزة األخرى الداعمة لتطبيقها
وألن تطبيقات من هذا النوع تدخل في مجال عمل شركة روافد للتكنولوجيا فإنها تقدم هذا المقترح فكرة ومشروعا 

  . لمعلومات أكثر يرجى األتصال بالشركة. للتطبيق
 
  

  موقع األلكترونيالتصفح : روافد للتكنولوجیااألخرى لشركة  لإلطالع على المقترحات
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1. Preface  
 
A radar level gauging system for determining a filling level of a liquid in a tank unit is 
disclosed. The system is comprises a processing circuitry for determining a local and 
momentary filling level at different times at a certain position in the tank of the container 
based on received echo signals. 
 
Radar Tank level Gauging (RTG) to measure the level of various filling materials, such as 
liquids is an increasingly important method for level gauging in tanks, containers, etc, and 
many different types of RTG systems are available. There is a requirement for custody 
transfer measurement system (CTMS) to gauge the start and final filling level for the 
transfer operation with a high degree of accuracy.  
 
Inaccurate tank gauging costs money, since it is possible to lose the value of any product 
volumes that cannot be verified. Improving the measurement accuracy in the tank 
gauging system reduces uncertainty during both transfer control/verification and 
inventory management. At the same time, loss control is improved. Improved accuracy 
can give substantial savings. In a large storage tank equipped with a mediocre gauging 
system, the value of the uncertain volume (i.e. the oil volume within the gauge’s error 
margin) is so large that this alone justifies the investment in a high-class system 
 
Radar is the fastest growing technology for level gauging in Liquid Natural Gas (LNG) 
tanks. No wonder – in a huge cryogenic tank that may not be opened for years, a highly 
reliable and maintenance free level gauging system is needed. Proposed Tank Radar 
gauges require no physical contact when measuring the liquid level and there are no 
components inside the tank that will require service. Thus, the system provides 
continuous, highly reliable and accurate level data, for the entire service life of the LNG 
tank. 
 
Tank gauging readings for net volumes, which form the basis for inventory calculations 
and billing, must be exact because any deviation can lead to negative consequences. In 
recent years, the price of crude oil has quadrupled and it will probably continue upwards 
during the foreseeable future. The increased value of stored petroleum assets has made 
most refineries, pipelines and oil storage companies aware that precise and efficient tank 
gauging is business critical for all companies in the oil supply chain. 

2.  Introduction  
 
Radar provides a non-contact sensor that is virtually unaffected by changes in process 
temperature, pressure or the gas and vapor composition within a vessel. In addition, the 
measurement accuracy is unaffected by changes in density, conductivity and dielectric 
constant of the product being measured or by air movement above the product. These 
benefits have become more significant to the process industry since the advent of low 
costs, high performance, two wire loop powered radar level transmitters. 
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Radar Level Gauges are ideal for use in moist, vaporous, and dusty environments as well 
as in applications in which temperatures vary. Microwaves (RADAR), will penetrate 
temperature and vapor layers that may cause problems for other techniques, such as 
ultrasonic. Microwaves are electromagnetic energy and therefore do not require air to 
transmit the energy making them useful in vacuums. Microwaves, as electromagnetic 
energy, are reflected by objects with high dielectric properties, like metal and conductive 
water.  
 
Microwave-based sensors do not require physical contact with the process material, so the 
transmitter and receiver can be mounted a safe distance from the process, yet still respond 
to the presence or absence of an object. Microwave transmitters offer the key advantages 
of ultrasonic: the presence of a microprocessor to process the signal provides numerous 
monitoring, controls, communications, setup and diagnostic capabilities. Additionally, 
they solve some of the application limitations of ultrasonic: operation in high pressure 
and vacuum, high temperatures, dust, temperature and vapor layers. One major 
disadvantage of microwave or radar techniques for level monitoring is the relatively high 
price of such sensors. The Radar Tank Gauge System is the complete solution for all 
inventory management, custody transfer, and operational requirements. 

3. Facts 
 
Tank Radar gauges provide outstanding reliability using non-contact radar measurement 
with no moving parts and only the antenna inside the tank atmosphere. 
 
For radar level measurement, there are mainly two modulation techniques: 
 

• Pulse method: Measures the time it takes for a pulse to travel to the surface and 
back. Pulse radar level gauges are mainly available for lower accuracy 
applications. 

 
• Frequency Modulated Continuous Wave (FMCW): This method is used by high 

performance radar level gauges. 
 
The radar gauge transmits microwaves towards the surface of the liquid. The microwave 
signal has a continuously varying frequency around 10 GHz. When the signal has 
travelled down to the liquid surface and back to the antenna, it is mixed with the signal 
that is being transmitted at that moment. The frequency of the transmitted signal has 
changed slightly during the time it takes for the echo signal to travel down to the surface 
and back again. When mixing the transmitted and the received signals the result is a 
signal with a low frequency proportional to the distance to the surface. This signal 
provides a measured value with high accuracy. The method is called the FMCW-method 
(Frequency Modulated Continuous Wave). 
 
The radar gauge system measures and calculates tank data for: 
 

• Inventory calculations. 
• Custody transfer. 
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• Oil movement. 
• Loss control. 
• Operational & blending control. 
• Leak detection and overfill protection. 

 
 
4. RTG Technology Overview 
 
There are five types of Radar Tank Gauges to fit any storage tank: 
 

• Horn Antenna Gauge, for fixed roof installation without still-pipe. 
 
• Parabolic Antenna Gauge, for installation without still-pipe, for general use and 
in demanding environments. 

 
• Still-pipe Array Antenna Gauge, for measurement in existing still-pipes. 
 
• LPG/LNG Gauge, for Liquid Petroleum and Liquefied Natural Gas Gauging. 

 
The RTG in general measures the distance to the surface of the product in the tank. Using 
tank distances stored locally in the memory of the gauge, it calculates the level of the 
liquid’s surface. The level is communicated on the digital using TRL/2 field bus protocol 
(see appendix 13.1) for to the Field Communication Units and to the PC workstations or 
other host computers. 
 

4.1 Transmitter Head 
 
The radar gauges are built up by the Transmitter Head (TH) and the antenna. The 
same Transmitter Head is used on different types of tank gauges minimizing spare 
parts requirements. It is freely interchangeable between different gauges, regardless of 
antenna type. The Transmitter Head weight is only 8 kg (18 lbs). The enclosure of the 
Transmitter Head is a rugged air and watertight protection against salt spray 
atmosphere in coastal areas. 
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4.2 Transmitter Head Electronics (THE) 
 

The Transmitter Head Electronics (THE) is a separate unit located inside the safety 
enclosure of the Transmitter Head. It is easily exchangeable and not in contact with 
the tank atmosphere. The THE includes the microwave unit, circuit boards for signal 
processing, data communication, power supply and transient protection. 

 
The following circuit boards are included in the THE: 

 
a)   Signal Processing Card (SPC) 
 

The SPC includes a high performance signal processor plus memories for tank 
specific data set via remote programming. 

 
b)   Analog Processing Card (APC) 
 

The APC is used for filtering and multiplexing of analog input signals. 
Keeping the analog circuitry on a separate card improves measuring accuracy 
by giving a high signal to noise ratio. 

 
c)   Transmitter Interface Card (TIC) 
 

The TIC is required for intrinsically safe inputs. The TIC card includes: 
 

•    Two supply zener barriers and two return barriers for 4-20 mA current 
loops. 

•    One supply zener barrier for a Slave Data Acquisition Unit or a Remote 
Display.  

•    Signal/Supply connection for optional Temperature Multiplexer Card 
(TMC). 

 
d) Temperature Multiplexer Card (TMC) 
 

The TMC is used to connect up to 6 temperature sensors directly to the RTG. 
 
e)   Relay Output Card (ROC) 
 

The ROC includes two relays. It allows controlling external devices such as 
valves, pumps, heating coils, overfill protection etc. 

 
f) Field Communication Card (FCC) 
 

The FCC handles communication with external devices. There are different 
versions of the FCC allowing the use of various types of communication 
protocols and also emulation of gauges from other vendors. 
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Further, the Tank Radar Gauge System can include various integrated equipment, such as: 
 

• Multi-spot temperature sensors. 
• Water Interface measurement sensors integrated with temperature sensors. 
• Vapor pressure transmitters. 
• Hydrostatic pressure transmitters. 
• Tank Master PC workstations in network. 
• Radio link between PC workstation and Field Communication Unit. 
• Local data display on the Data Acquisition Units or on Remote Display units. 

 

        
 
The Tank Radar Gauge system is easily installed by the customer or the customer’s 
contractor. No special tools are required and all parts can be carried onto the tank roof. 
Normally existing field cabling is used or wireless technology can be used.  

5. Benefits and Applications 
 
Systems that comply with standards are usually are falling in the range of state-of-the art 
inventory and custody transfer radar tank gauging system for storage tanks. It fulfills the 
highest requirements on performance and safety. 
 
RTG Features includes: - 
 

• Excellent reliability. 
 

• Highest accuracy with custody transfer approvals, including OIML certificate. 
 

• Drip-off antennas according to API. 
 

• Antennas for all types of tanks. 
 

• Proven performance and installations at all major oil companies. 
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• Patented method for accurate measuring in still-pipes. 
 

• Overfill protection certified by TÜV for high environmental safety. 
 

• Gauge emulation for cost-effective installation. 
 

• All functions for complete tank farm monitoring available in one system. 
 

• OPC compatible HMI software. 
 
 
RTG applications cover many types of bulk liquid storage tanks at: 
 

• Refineries. 
 
• Independent tank terminals. 
 
• Marketing terminals. 
 
• Pipeline terminals. 
 
• Petrochemical industry. 
 
• Liquefied gas terminals. 
 
• Aviation fuel depots. 

  

6. Objectives and End User Requirements 
 
In term of system specifications the system to better provides the followings: 
 

 High Precision level measurement using radar non contact for liquids and offer 
high accuracy and reliability. 

 
 Optimum level measurement for inventory control and custody transfer liquids. 

 
 Integrated communication for multiple tanks with one or more sensors such as 

radar spot or average temperature, capacity probe for water detection. 
 

 High precision independent of temperature, steam, gas layers, pressure etc. 
 

 Power supply: 220V +/-20, 50Hz +/-1. 
 

 Volume calculation / Linearization. 
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 Accuracy better than +/-1mm. 
 

 Approvals based on API and OIML R85. 
 

 Setup, diagnostic software shall be included. 
 

 Ex. Certification, ATEX, FM, CSA. 
 

 Protection against unauthorized changing of instrument data. 
 

 The custody locking switch can be sealed for custody transfer application. 
 

 The system program must display the following: Level, Temperature (Multi 
level), Net weight, Alarm, Tank group, Flow rate, Density, and Water volume. 

 
 The system compensate for variation in temperature using: 

 
 Volume Correction Factor (VCF). 
 Compensation for tank shell temperature. 

 
 Complete protection against any access to the electronics compartment or any 

change of software setting. 
 

 The vertical movement of the gauge reference point due to the hydrostatic 
deformation can be compensated in the tank side monitor. 

 
 Water bottom sensor is integrated with the multiple spot thermometers. 

 
 Local information for each tank. 

 
 System consists of three main parts, Radar, Tank side Monitor and PC computer 

with necessary accessories for installation. 
 

 Radar: 
 

 Narrow beam angle 4 to 8. 
 Top target positioner. 
 Antenna size 100mm to 200mm. 
 A weather protection cover used for outdoor operation. 
 Measuring range must be suitable for each type of tank. 
 Amb. temperature (-10C to 70C) with humidity between (12 – 90) %. 
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 Tank side Monitor: 
 

 Any temperature influence on the tank shell height can be compensated for 
using the tank side monitor. 

 
 Industrial PC computer for monitoring. 

 

7. Architecture  
 
The following figures shows the common system architecture with gauge sensor signals 
are transmitted through FCU’s that are connected to PC through modem where 
interfacing screens display the acquisition of data values.  
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8. RTGauging System Components 
 
Ordinary RTGauging system Components includes: 
 

a) Radar Level Sensors (For Level Measurement). 
b) Temperature Sensors (For Multi Spot Temperature Measurement). 
c) Water Level Sensor (For Water Interface Measurement). 
d) Data Acquisition Unit. 
e) Remote Display Unit. 
f) Field Communication Unit. 
g) Field Bus Modem. 
h) Junction Boxes. 
i) Radio Modem. 
j) Workstation PC with HMI Software. 

 
 

8.1 Radar Level Sensors: 
 
As previously mentioned, there are five types of Radar Tank Gauges to fit any storage 
tank: 
 

8.1.1. Horn Antenna Gauge  
 

 
 

The Horn Antenna Gauge is designed for easy mounting on 200 mm (8-inch) or 
larger nozzles on tanks with fixed roofs. The RTG gauge measures on a variety of 
oil products and chemicals except for asphalt and similar products where the 
Parabolic Antenna Gauge is recommended. The Horn Antenna Gauge is delivered 
with a flange for straight mounting or one for inclined mounting. The inclined 
flange is used when the gauge is mounted close to the tank wall and highest 
accuracy is required. Otherwise the straight flange can be used. 

 
The entire horn antenna is inside the tank and has almost the same temperature as 
the tank atmosphere preventing condensation on the inside of the antenna.  
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8.1.2. Parabolic Antenna Gauge  

 
 

The Parabolic Antenna gauge is designed for mounting on tanks with fixed roofs. 
It measures levels of products ranging from clean products to very difficult ones 
like bitumen/asphalt. The design of the parabolic antenna gives extreme tolerance 
against sticky and condensing products. The large antenna diameter provides high 
antenna gain and a high signal to noise ratio. The Parabolic Antenna Gauge can be 
mounted on existing manhole covers. For easy access in extremely dirty 
applications, the gauge can be mounted on a manhole cover with hinges. 

 
The Parabolic Antenna Gauge can also be used on tanks with floating roofs. The 
RTG is then mounted at the tank top and measures the distance down to a target 
plate on the floating roof.  
 

 
8.1.3. Still-Pipe Array Antenna Gauge  

 

 
 
 

Still-Pipe Array Antenna Gauge with its small-sized array antenna is made for 
mounting on existing still-pipes. Typical applications are crude oil tanks with 
floating roofs and gasoline/product tanks with or without inner floating roofs. To 
get custody transfer accuracy, the gauge uses the Low Loss Mode technology, to 
transmit the radar waves in the center of the pipe. This virtually eliminates 
degradation of the accuracy due to rust and product deposits inside the pipe.  

 
Still-Pipe Array Antenna Gauge is available for 5-, 6-, 8-, 10- and 12-inch pipes.  
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8.1.4. LPG/LNG Gauge  

 

 
 

The LPG/LNG gauge is designed for level measurement of liquefied gas in LPG 
or LNG tanks. A still-pipe enables the gauge to have a sufficiently strong echo 
even under surface boiling conditions. The radar signals are transmitted inside the 
still pipe. The pressure sealing is a quartz/ceramic window approved for use in 
pressure vessels. As an option the gauge is equipped with a fire-proof ball valve 
and a vapor space pressure sensor. The pressure sensor is required for highest 
accuracy.  

 
The installation flange of the LPG/LNG Gauge is available in three different 
versions; 6-in. 150 psi, 6-in. 300 psi or 6-in. 600 psi. A patented reference device 
function enables measurement verification with the tank in operation. A reference 
pin mounted in a still-pipe hole, and a deflection plate with a reflection ring at the 
lower pipe end provides measured distance values which are compared with 
stored positions. Installation is made with the pressurized tank taken out of 
operation. 
 

8.2. Temperature Measurement: 
 

Product temperature is an important parameter for accurate custody transfer and 
inventory measurement in liquid bulk storage tanks. High quality Multiple Spot 
Thermometers (MST) can be included in the system delivery as an essential part. The 
Multiple Spot Thermometer (MST) measures the temperature with a number of Pt 100 
spot elements placed at different heights to provide a tank temperature profile and an 
average temperature. 

 
Only the elements that are fully immersed are used to determine the product 
temperature. The spot elements are placed in a flexible gas tight protection tube made 
from convoluted stainless steel. A flange can be attached to a top fitting and the tube 
can be anchored to the bottom. API chapter 7 recommends minimum one element per 
10 feet (3 m) tank height for custody transfer applications. 

 
The Multiple Spot Thermometer is easy to install, even if the tank is in service. In 
pressurized tanks the MST can be installed in a closed thermowell so that it can be 
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removed for service or inspection while the tank is in operation. For LPG tanks single 
spot temperatures sensors in thermowells are used.  

 
Temperature sensors can be connected in two ways to the RTG: 

 
• Directly into the RTG with common return connection (up to six temperature 

elements). 
• Via the Data Acquisition Unit (DAU) up to many temperature elements. 
 

A water level sensor can be integrated in the MST. It is also possible to have an 
integrated junction box. 

 

 
 

8.3  Water Interface Measurement: 
 

The capacitive Water Level Sensor (WLS) continuously measures free water level 
below the oil surface and provides input for on-line net inventory. The sensor is 
integrated with the Multiple Spot Thermometer MST.  It has a heavy duty design with 
no moving parts. The WLS outputs an analog 4-20 mA signal, which is connected 
directly to a radar gauge. There is a Pt100 temperature sensor inside the probe 
allowing temperature measurements at low levels. The WLS is welded to the MST to 
get a hermetic design. The open model WLS is suitable for crude oil applications and 
the closed model is suitable for lighter fuels such as diesel oil etc. 

 
A junction box can be integrated with the WLS. Offset calibration can be done via 
Highway Addressable Remote Transducers (HART) communication protocol. 
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8.4. Data Acquisition Unit (DAU): 

 

 
 

The DAU is used together with an associated Radar Tank Gauge for local readout and 
for connection of temperature sensors. 

 
A Multiple Spot Thermometers (MST) with up to 14 temperature elements can be 
connected to the DAU. The DAU is powered from and communicates through the 
Radar Tank Gauge to which it is connected. It is intrinsically safe using zener barriers 
on the Transmitter Interface Card (TIC) in the Radar Tank Gauge. 

 
The weatherproof box houses a printed circuit board with a cable terminal for 
connection of the temperature sensors, as well as the power and communication cable. 
Cable inlet cable glands are located at the bottom of the box. The DAU can be 
equipped with a Readout Display showing level, temperature and other measured 
values. With the DAU placed at the foot of the tank, these values can be viewed at the 
tank without having to climb to the tank top. 

 
8.5. Remote Display Unit (RDU): 

 
The RDU is a robust display unit for outdoor use in hazardous area. If the number of 
temperature elements per tank is 6 or less, the RDU is a cost effective solution for 
field display. In this case the temperature elements can be connected directly to the 
Tank Radar gauge (RTG) without using a Data Acquisition Unit (DAU). The display 
functions are software controlled by the connected Tank Radar gauge. It is easy to 
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work with via the 4-key display keyboard. Each screen view can display 7 text lines 
with 16 characters per line. 

 

                              
 

The RDU is connected by a 3-wire cable up to 100 m (330 ft) from the RTG. Up to 
two units can be connected to one Tank Radar Rex/Refinery Gauge. It displays 
calculated data, such as level, average temperature, volume, signal strength, etc. The 
data can be displayed in lists or as single values in very easily readable 25 mm (1 
inch) solid fonts. The operator can set up a user-defined window where the most 
useful information is presented. This window will be shown as the default view. The 
RDU can view up to six spot temperature elements connected to a Tank Radar Rex 
gauge. 

 
8.6. Field Communication Unit (FCU): 

 
The FCU is a data concentrator that continuously polls data from field devices such as 
Radar Tank Gauges, Data Acquisition Units and Remote Display Units and stores 
them in a buffer memory. Whenever a request for data is received, the FCU can 
immediately send data from a group of tanks from the updated buffer memory. 

 
The FCU acts as a slave on the group bus and as a master on the field bus. The sample 
unit has six communication ports. The ports can be individually configured as either 
group bus ports or as field bus ports. Each RTG has an individual address on the field 
bus. The DAU and the RDU use the same address as the RTG they are connected to 
and do not have separate addresses.  
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8.7. Field Bus Modem (FBM): 

 
The FBM is used for connecting HMI software PC to the TRL/2 Bus. The FBM is 
connected to the PC using either the RS232 or the USB interface and has LEDs 
indicating power on and communication. For the TRL/2 bus interface, there are front 
panel switches to set gain and termination if required.  

 
The Field Bus Modem comes with cables for RS232 and USB make connection to the 
PC. The USB cable also supplies power to the FBM. 

 

 
 

8.8. Junction Boxes: 
 

As optional equipment a series of junction boxes can be delivered with the Tank 
Radar system. These are used to connect the various system units. 

 
Junction Boxes are used: 

 
 When a DAU or an RDU is located more than 2 m away from the RTG 

and should only be used for intrinsically safe connections. 
 
 To connect power and the TRL/2 Bus to the RTG. 
 
 For intrinsically safe connection of up to 14 temperature sensors to a 

DAU. 
 

8.9. Radio Modem: 
 

Wireless connection between the Field Communication Unit (FCU) and Tank-Master 
can be done with the radio modem and an antenna. The purpose is to replace the cable 
between the FCU and PC in situations where installation of a cable is difficult, 
expensive or even impossible. The radio modem features a maximum data speed of 
19.2 kbps and the operating range is 2 to 40 kilometers (1 to 25 miles), depending on 
local conditions as well as gain and installation height of the antenna. 

 
The radio modem can be connected to the serial port on the PC / Host Computer or to 
the group bus port of an FCU. In case there is a need to extend the coverage, a radio 
modem can be used as a repeater. Depending on topographical conditions as well as 
gain and installation height of the antenna, the operating range is up to 40 km. 
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Note: The radio modem has to be place next to the FCU and the PC in non-explosive 
classified environment. Satelline-3ASd for example is equipped with a LCD display 
and four push buttons, which facilitate programming of the modem with ability to 
communicate with RS 232, RS 422, and RS 485. It can be operated at a voltage 
ranging from 9 to 30 VDC.  

 
 

8.10. HMI Software: 
 

Human Machine Interface (HMI) software is a powerful Windows-based for complete 
tank inventory management. It provides configuration, service and set up, inventory 
and custody transfer functions for Tank Radar Gauge systems. All calculations are 
based on current API and ISO standards. 

 
It usually follows the Object Linking Embedding for Process Control (OPC) standard 
and can communicate with Microsoft programs and OPC compatible systems like 
Intellution’s iFIX and Wonderware’s InTouch software that has customized views 
with graphic plant layouts, and advanced group configuration in geographical or 
product groups etc. 
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Examples of HMI software applications are:  
 

 Inventory and custody transfer functions. 
 

 Real time tank gauging data such as level, temperature, water interface level 
and pressure. 
 

 Real time, gross and net volume inventory calculations based on API and 
ISO. 
 

 Hybrid tank gauging with pressure inputs giving data for density and mass 
calculation. 
 

 Metrological sealed data. 
 

 API calculator. 
 

 Batch Handling makes it possible to control and follow transferred volumes, 
from the control room. 
 
 

9. Other RTGauging Applications  
 

9.1 Tank inventory, density & hybrid calculations: 
 

The Tank Radar gauge system, with its high capacity signal processor is designed to 
make basic inventory calculations directly in the gauge. The gauge can receive and 
process signals from analog and digital pressure transmitters, water bottom sensors 
etc. Measured data is transmitted on the field bus and can be further processed in the 
control room by the PC software or by the plant’s host computer/DCS system. 
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9.2  Density measurement with pressure transmitters 
 

When the RTG is connected with a pressure transmitter near the bottom of the tank, 
the density of the product can be calculated and presented online. The accuracy of the 
density calculation largely depends on the accuracy of the pressure transmitter. Tank 
Radar system can interface to any pressure transmitter with a standard output of 4-20 
mA or HART. The 4-20 mA signal is converted from analog to digital form in the 
RTG. 
 

 
 

The gauge calculates (or receives inputs for) the following data: 
 
• Total Observed Volume (TOV) using the tank strapping table (100 strapping 
points). 
 
• Observed density (if pressure sensor connected). 
 
• Level (corrected for thermal tank wall expansion). 
 
• Temperature. 
 
• Oil/Water interface level. 
 

Data is calculated according to updated API and ISO standards. Temperature 
calculations include API algorithms to handle elements close to the bottom. The level 
value is software corrected for changes in tank reference height. 
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10. Standalone Application 
 

 
 
A stand-alone Radar Tank Gauge can be used to measure on a single tank. The measured 
level is output on the field bus or as an analog 4-20 mA signal. The RTG can also include 
4-20 mA inputs or temperature inputs. A DAU or an RDU can be connected to the stand-
alone gauge. The system is configured with the functions as required by the user.  
 
Examples of available functions are: 
 

• Level, temperature, and water interface level measurement. 
• Vapor pressure and hydrostatic pressure measurement. 
• Gross volume, mass and observed density calculations in the gauge. 
• Net volume calculations according to API. 
• Complete inventory, hybrid and custody transfer functions. 
• Emulation of other field buses for cost efficient installation. 
• Built-in multiple temperature inputs, analog I/O, inputs and relay outputs. 
• Local field display. 

 
Measured values from the field sensors are communicated on a field bus or directly to a 
PC. A whole range of plant host computer systems, DCS or SCADA systems can be 
connected to the Tank Radar system for display of measured and calculated values. 
Protocols for communication with major suppliers of plant host computers have been 
developed and certified. Tank Master Gauges can also be incorporated in other tank 
gauging manufacturers’ systems using the emulation features. 
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11. Other Advantages and Features of RTGauging 
 

11.1. Accuracy 
 
Tank gauging readings for volumes and mass that form the basis for calculations and 
invoicing can be extremely exact so that the deviation does not result in substantially 
negative consequences. This is particularly true for accounting purposes such as 
transfer control/verification and inventory management, and loss control. 

 
11.2. Automatic Transfer Control and Verification 

 
Product transfers have appreciable economic implications. Precise, automatic tank 
gauging can be used for direct custody transfer measurement or for checking hand 
dips or meters. Improving level measurement accuracy will reduce transfer 
uncertainty by twice as much as the reduced uncertainty in inventory measurement. 

 
In addition, the reduced volume uncertainty due to a more precise temperature 
measurement will be a percentage of the batch transferred.  

 
11.3. Improved Inventory Management 

 
Inventory data is used for accounting, tax purposes, and as input for loss control 
calculations. The trend is toward more accurate inventory checks, both as a means of 
better utilizing corporate assets, and as a consequence of more stringent requirements 
from fiscal authorities. Replacing inaccurate tank gauges with proposed system 
improves precision in both level and temperature measurement. For one plant, the 
reduced uncertainty in inventory management can correspond to thousands of barrels, 
worth hundreds of thousands of dollars every year. 

 
11.4. Minimize Hydrocarbon Losses 

 
Loss control management focuses on minimizing hydrocarbon losses to ensure that 
minimized environmental impact and get the maximum scaleable product out of the 
crude oil. The more accurate the tank gauging at every storage stage of a plant, the 
better the opportunity to identify loss sources and the size of each source. This 
enables to set priorities right to quickly increase savings, and profitability. 

 
11.5. Reducing Uncertainty Cost 
 
Tank gauging uncertainty costs money, since users might lose the value of the product 
volumes that they cannot verify with certainty. Improving the measurement accuracy 
in the tank gauging system reduces error margin, which in turn means reduced 
uncertainty during transfer control/verification, inventory management, and loss 
control. 
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12. Conclusion 
 
The radar method allows the gauge to be totally separated from the tank contents and 
enables maintenance without tank opening. The new version of the system has been put 
into operation in a number of refineries and tank terminals. It is based on intelligent radar 
transmitters mounted on top of each tank. Also temperature sensors, spot or average, are 
connected to the radar transmitters. The installations include transmission of finished 
level and temperature data on a two-wire field bus. The radar method was first used for 
tank gauging in 1975 for marine applications on tankers. Today around 50% of all new 
tankers are equipped with this type of instrument. The first shore-based installation in the 
oil industry was made on a refinery in 1984.  
 
 

_________________ 
_________ 

____ 
 

For other R4T Technical Proposals: Browse the web site 
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13. Appendices 
 

13.1. TRL/2 Bus Protocol 
 

In the descriptions below the TRL/2 Bus is divided into two parts: 
 

• Group bus. 
• Field bus. 
 

Both buses work in the same way with the same technical specifications. However, 
the Group Bus is defined as the TRL/2 Bus between the HMI software/host computer 
and the FCUs, while the field buses connect the DAUs, RDUs and the RTGs with the 
FCUs. 
 
HMI software communicates on the TRL/2 Bus via a Field Bus Modem. The Field 
Bus Modem translates the signals from RS232 to TRL/2 Bus and vice versa. The 
TRL/2 Bus was developed to minimize the updating times as well as to provide a 
robust and reliable field bus for transferring the measured values from the tanks to the 
control room. Each Field Communication Unit continuously collects data from up to 
four TRL/2 field buses and stores the values in a buffer memory. When a query 
reaches the Field Communication Unit from the plant host computer on the group bus, 
it can quickly send data directly from the database. 
 
Each RTG has an individual address on the field bus. The DAU and the RDU use the 
same address as the RTG they are connected to. The recommended maximum number 
of RTGs on one field bus is 8 (The maximum number of RTGs per FCU is 32). 
 
13.2. Still-pipe 

 
To achieve optimum level measurement performance and reliability in clean liquids, 
despite difficult level measurement application conditions such as foam, turbulence, 
low dielectric constant materials, and internal tank obstructions we use Still-pipes. 

 
A still pipe is an existing or newly fabricated pipe that runs inside the vessel from top 
to near bottom. When microwaves propagate within a conductive pipe, the natural 
beam spread is eliminated, focusing more energy to the material level and resulting in 
stronger echoes. At the same time, the pipe itself stills the material surface, producing 
an ideal reflective surface and eliminating many other influences that can otherwise 
reduce echo confidence and level measurement reliability. 


