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Introduction
I am currently working on a project for Thames Water, producing documentation to support the company’s adherence to DSEAR (Dangerous Substances and Explosive Atmospheres Regulations) and ATEX regulations with regards to selecting certified equipment for use in explosive atmospheres.
Specifically, we are assisting with Thames Water’s sewage pumping stations (SPS), which contain hazardous areas where explosive atmospheres can exist.
Basic design of a wet well, hazardous area, and layout of instrumentation
A modern-day sewage system is made up of many SPS’s. They play a key role in transporting the sewage from the various service areas (i.e., housing estates) to the main sewer, and onto the sewage treatment works for processing.
Within an SPS will be a wet well, which is like a holding tank, and it is here where combustible and naturally occurring toxic gases can exist. When the wet well reaches a certain level, the contents are pumped out. This process is controlled using level instrumentation and a submersible pump, so it is critical that the instruments selected for this purpose are certified for use within explosive atmospheres.
Figure 1 available at: (https://www.researchgate.net/figure/Sketch-of-the-wet-well-of-the-pumping-station-with-a-single-submersible-pump_fig1_328936860)
[image: ]
According to Torben Jespen (2016) “The possible occurrence of an explosive atmosphere which cannot be eliminated, must lead to the avoidance of possible ignition sources, which will eliminate the explosion hazard”. 
Instruments used and how they work
Float switches (high, low, alarm): These are used to start and stop the pump, and to provide a high-level alarm. 
An immersed float switch opens or closes the electrical circuit when the angle of the float reaches ±45°. The tilting motion causes a metal ball (secured inside a chamber), to roll and actuate microswitches depending on the angle of the float. The cable length of the float decides the fluid level at which the switch operates. See figure 2 below.
Figure 2 available at: (https://www.xylem.com/siteassets/brand/flygt/resources/brochure/flygt-enm-10-liquid-level-regulators.pdf)[image: ]
Ultrasonic level transmitter & display: To provide a level of the tank to an operator above ground.
An ultrasonic level transmitter is normally mounted above a liquid and uses ultrasonic pulses to continuously measure the distance to the liquid surface. When programmed with the bottom reference of the application, usually the tank bottom, the transmitter calculates the liquid depth (level) and outputs the level as a 4–20 mA signal. See figure 3 below.
Figure 3 Available at: https://www.emerson.com/documents/automation/manual-rosemount-3100-series-ultrasonic-liquid-level-transmitters-en-76184.pdf 
[image: ]

A)	Transmitter bottom reference
B)	Distance to target
C) Depth (Level)

Zener & Galvanic Barriers:
A Zener barrier controls the voltage & current into the hazardous area. The voltage is limited/clamped by a Zener diode and the current limited by an output resistor.
See figure 4 below.
Figure 4 Available at: https://www.prelectronics.com/difference-between-a-zener-barrier-and-an-intrinsically-safe-isolator/
[image: ]
A Galvanic barrier completely separates the input and output supplies to a device so that energy flows through a field rather than via electrical connections. It enables power transfer between two circuits that must not be connected. 

See figure 5 below.

Figure 5 Available at: https://www.prelectronics.com/difference-between-a-zener-barrier-and-an-intrinsically-safe-isolator/
[image: ]





Certification
Electronic equipment that is to be used in explosive atmospheres needs to be certified. The certification process is carried out to ensure that the electronic device or instrument complies with the required standards as set out by the ATEX directive 2014/34/EU. There are several companies that can issue ATEX certificates, for example SGS Baseefa. They are accredited by the United Kingdom Accreditation Service (UKAS), and are a notified Body for the European ATEX Directive.
Only after rigorous testing will the device be awarded a unique ATEX certificate. The certificate contains technical data, which is used in the intrinsic safety calculation.
An example of an ATEX certificate issued by Baseefa can be seen in the appendix.
ATEX markings
If a piece of equipment has been ATEX certified, an ATEX label will be affixed to it, describing its suitability and intended use. Understanding the label is very important as it details the specific environment that the equipment can be used in. Failure to select the correct equipment could result in an explosion.
An example of a label, figure 6 below.
Figure 6 (Atex & IECEX (2023) Getac. Available at: https://www.getac.com/en/certifications/atex-iecex/ 
[image: ATEX & IECEX]
Equipment group: Mining (I) and Non mining (II).
Equipment category: Protection level - Very High (1), High (2), Normal (3).
Environment: Gas (G), Dust (D).
Type of protection: Flameproof enclosure (D), Intrinsic Safety (I), Encapsulation (M). 
Gas group: Ethane/Propane (IIA), Ethylene (IIB), Hydrogen (IIC).
Intrinsic Safety Calculation
The calculation takes into consideration the voltage, capacitance, inductance, and power variables for the following components of the “loop”:
1. The Zener or Galvanic barrier.
2. The length of cables used between the instrument and the barrier.
3. The instrument.
There are 4 criteria that must be met. 
1) The output voltage of the barrier must not exceed the maximum input voltage of the instrument
2) The output current (mA) of the barrier must not exceed the maximum input current of the instrument.
3) The maximum acceptable capacitance values of the barrier must not be exceeded by the total loop capacitance (values of the instrument and associated cabling combined).
4) The maximum acceptable inductance values of the barrier must not be exceeded by the total loop inductance (values of the instrument and associated cabling combined).
The variables for the calculations must come from the equipment Atex certificate (instruments and barriers), and from manufacturers datasheets (associated cabling).
See appendix 1 for an example calculation.







Conclusion
In my previous job role, I was only concerned with producing instrument loop drawings. I was not required to have any technical knowledge about how the loop worked. I also didn’t perform any IS calculations as this task was carried out by an engineer. 
In my new job I am being asked to perform calculations and design instrument loops from scratch. 
Upon completing this technical report, I have learned that instruments play an important role for providing information and enabling the control of wide variety of devices in a whole range of different processes. These processes can occur in both safe environments and hazardous ones. Choosing the correct instrument for the job can be very challenging because there are so many different variables to consider. There is the application itself, for which there are multiple ways to achieve the same outcome, however the best solutions are normally derived by understanding the properties of materials being measured, and the process they are involved in. By understanding those properties fully, various calculations can be performed to ensure the correct selection of equipment from a safety perspective, which will protect the workers, assets and the environment.
This technical report has been beneficial, and helped me learn skills and knowledge that I can apply in my day-to-day work.
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Section 4: Starting up
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4.3.2

First measurements (on the 3101)

With the transmitter installed and display units selected, the display will show what the
instrument calculates as the liquid depth (level). This value is calculated by the microprocessor
asbeing the difference between the distance-to-target being measured and the default value
for the datum or bottom reference (b.rEF).

Figure 4-2. Transmitter Bottom Reference

A Transmitter Bottom Reference:
B.Distance-to-target
CDepth Level)

Before changing any of the default values, press the blue button —» to change the PV display to
indicate distance-to-target, as measured by the transmitter from the transmitter face.

This value is shown alternately with the text *dist” to indicate the display is in distance mode.
‘The calculation can be checked against a manual measurement f required.

Note
Auseful feature at this stage is that the transmitter can be used as an electronic tape measure.
With an empty tank or vessel, the transmitter will read the distance to the bottom of the tank.
“This distance can be noted and later used when setting b.rEF.

Press the blue button —» again to get to the echo size. This s a scale of 0 to 100. (Itis possible to
record a value greater than 100). With the display in this mode, the central “:* cursor will flash
once for every echo received, which under normal circumstances will be once per second.
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The operating principle of a Zener barrier is relatively simple. Resistors restrict the current entering the hazardous area, whilst Zener diodes conduct in the event of a fault condition clamping the voltage and
diverting excess current to earth. A fuse s present to protect the Zener diodes in the event of an overioad condition

What is a Zener barrier?

Zener barriers are simple devices made up of an arrangement of Zener diodes, resistors and fuses that limit the voltage, current, and power to connected devices in the hazardous area.

Atypical Zener barrier installation is shown below.

Hazardous Area Non

zardous Area

‘Associated apparatus

Intrinsically safe
PLC/DCS

Zoner bartier

Zener Barrier

The operating principle of a Zener barrier is relatively simple. Resistors restrict the current entering the hazardous area, whilst Zener diodes conduct in the event of a fault condition clamping the voltage and
diverting excess current to earth. A fuse s present to protect the Zener diodes in the event of an overioad condition

Understand the differences between Isolated barriers vs. Zener barriers
For correct functionality and to maintain intrinsic safety, a dedicated |.S. ground is required, which must be installed and maintained in accordance with IEC 60079-14.

This requirement, together with more restrictive loop loading and functional limitations mean Zener barriers have been largely superseded by intrinsically safe galvanic isolators.

What is an intrinsically safe galvanic isolator? u)
The design of intrinsically safe galvanic isolators such as the PR 9000 series of devices differs from Zener barriers. ]
Both devices restrict the energy available to the hazardous area, but by using components such as transformers and opto-isolators in the design it is possible to achieve galvanic isolation between the input, )

output and supply. This is known as 3-port galvanic isolation as shown in the graphic below.
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What is an intrinsically safe galvanic isolator?
The design of intrinsically safe galvanic isolators such as the PR 9000 series of devices differs from Zener barriers.
Both devices restrict the energy available to the hazardous area, but by using components such as transformers and opto-isolators in the design it is possible to achieve galvanic isolation between the input,
output and supply. This is known as 3-port galvanic isolation as shown in the graphic below.
Loop powered and 2-port galvanic isolators are also available depending on application.
Atypical intrinsically safe 3-port galvanic isolator installation is shown below.
g p—
H
tinsicaly Safe Galvani soltor
As these devices incorporate galvanic isolation, a dedicated |.S. ground is not required. This alone simplifies installation and ongoing maintenance compared to Zener barriers.
Other advantages of intrinsically safe galvanic isolators include:
o Lower loop loading
o Ability to convert and amplify signals
o Improved noise and surge immunity
For further information on the differences between Zener barriers and intrinsically safe galvanic isolators, see Isolated barriers vs Zener barriers.
. . o
What is Hazardous Area Certified Equipment?
Equipment for installation in hazardous areas or associated apparatus must be safe for intended use and be compliant with any explosion protection method employed. <)
)
< Within the EU, such equipment must be ATEX certified. . B
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