Tank Leak Detection System

A practical guide to tank leak detection system, covering the reader intent, the
relationship to tank leak detection system, key evaluation criteria, common risks,
and the information the intended project audience should confirm before taking
the next step.
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In industrial environments, the integrity of storage vessels is paramount for
operational safety, environmental compliance, and inventory management. A tank
leak detection system is not merely a regulatory requirement but a critical
component of risk mitigation. Whether storing hazardous chemicals, petroleum
products, or treated water, the ability to identify a breach in containment at its
earliest stage prevents catastrophic environmental damage and significant
financial loss.

Modern leak detection relies heavily on advanced level measurement
technologies. By monitoring the volume, mass, or physical presence of a liquid
outside its primary container, these systems provide real-time data to operators.
This article explores the principles, technologies, and engineering considerations
essential for selecting and implementing an effective tank leak detection system.

| Measurement Principles for Leak Detection

Leak detection methodologies are generally categorized into two types: internal
(quantitative) and external (qualitative). Understanding these principles is the first
step in designing a robust monitoring framework.

| 1. Static Leak Detection (Automatic Tank Gauging)

This is the most common method used in industrial tanks. It involves monitoring
the liquid level during a period when no product is being added to or withdrawn
from the tank (the "quiet" period). If the level drops more than a predetermined
threshold—after accounting for temperature-induced volume changes—the system
triggers a leak alarm. This method requires high-precision instruments, such as
radar or magnetostrictive sensors, capable of detecting changes as small as 0.1
mm.
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| 2. Mass Balance and Inventory Control

This principle compares the metered inflow and outflow of a tank against the
measured inventory level. Discrepancies that cannot be explained by standard
meter error or evaporation are flagged as potential leaks. While less sensitive than
static testing for small pinhole leaks, it is effective for identifying significant
structural failures during active operations.

| 3. Interstitial Monitoring

In double-walled tanks, the space between the inner and outer shells is known as
the interstitial space. A leak detection system monitors this vacuum, pressurized
gas, or liquid-filled space. A change in pressure or the presence of a liquid in a dry
interstitial space provides an immediate and unambiguous signal of a primary or
secondary containment breach.

| 4. External Sensing

This involves placing sensors in the soil, monitoring wells, or secondary
containment dikes surrounding the tank. These sensors detect the presence of
vapors or liquid hydrocarbons that have escaped the tank and entered the
environment.

| Primary Technologies in Leak Detection Systems

As a professional manufacturer of industrial level measurement instruments, Welk
provides the core sensing technologies that drive these detection systems. For
more detailed technical specifications on individual sensors, engineers can consult
the Main Page of our product catalog.
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| Radar Level Meters

Radar technology, particularly 80GHz high-frequency radar, is the gold standard for
high-accuracy tank gauging. Because it is non-contact, it is unaffected by the
physical properties of the liquid, such as density or viscosity. The high precision
(often up to £1 mm) makes it ideal for static leak detection in large-scale storage
tanks.

| Ultrasonic Level Sensors

Ultrasonic sensors measure the time-of-flight of sound waves reflected off the
liquid surface. While generally less expensive than radar, they are highly effective
for water treatment and non-volatile chemical applications. However, they can be
affected by heavy foam or temperature gradients in the vapor space, which must
be considered during the system design phase.

| Hydrostatic Level Transmitters

These sensors measure the pressure exerted by the liquid column. Since pressure
is directly proportional to the height and density of the liquid, hydrostatic
transmitters are excellent for underground tanks or vessels where top-mounting is
not feasible. For leak detection, they are often paired with temperature sensors to
compensate for density changes.

| Level Switches

While not used for measuring the rate of a leak, level switches are essential for
interstitial monitoring. A float switch or a tuning fork switch placed at the lowest
point of a secondary containment area acts as a "liquid present" alarm, providing a
simple and reliable fail-safe.
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| Practical Selection Table

Choosing the right technology depends on the tank geometry, the medium stored,
and the required detection sensitivity.

Technology Typical Accuracy Best Application

Radar (80GHz) +1 mm to £2 mm Large ocil/chemical Higher initial
tanks, volatile liquids investment

Ultrasonic +0.25% of range Water treatment, Affected by foam and
open sumps, acids heavy vapor

Hydrostatic +0.1% to £0.5% Underground tanks, Sensitive to fluid
deep wells density changes

Magnetostrictive +0.5 mm Fuel storage, Limited probe length
high-precision (usually < 6m)
gauging

Conductivity Switch N/A (Point level) Interstitial Only detects
monitoring presence, not
(conductive liquids) volume

| Integration of a Tank Leak Detection System

A complete system consists of more than just a sensor. It requires an integrated
architecture to process data and manage alerts.

1. Sensors: The primary data source (Radar, Hydrostatic, etc.).

2. Temperature Probes: Multi-point RTDs (Resistance Temperature Detectors) are
crucial. Since liquids expand and contract with temperature, a 1°C change in a
large tank can mask a leak or create a false alarm.

3. Controller/Console: This unit runs the algorithms for leak detection, performing
the necessary calculations for temperature compensation and volume conversion.

4. Alarms and Communication: Visual and audible alarms at the site, coupled with
digital communication (Modbus, HART, or IoT gateways) to a central control room.
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| Installation Considerations and Best Practices

To ensure a tank leak detection system operates at its theoretical accuracy,
installation must follow strict engineering guidelines.

Nozzle Placement: For radar and ultrasonic sensors, the mounting nozzle should be
located away from the tank wall to avoid false reflections. It must also be clear of
internal obstructions like ladders or agitators.

Stilling Wells: In tanks with high turbulence or surface agitation, installing the level
sensor inside a stilling well (a vertical pipe) can provide a calm surface for more
accurate measurement.

Reference Point Calibration: The system must be calibrated against a known
physical reference point (manual dip-tape measurement) to establish an accurate
baseline.

Environmental Protection: Sensors located outdoors should be equipped with
sunshades to prevent solar heating of the electronics, which can drift the
measurement signal.

| Limitations and Common Risks

No detection system is infallible. Engineers must be aware of the following
limitations:

Thermal Expansion: As mentioned, liquid volume is highly temperature-dependent.
In a 50,000-liter tank, a small temperature shift can result in a volume change of
several liters, which might exceed the leak detection threshold.

Tank Deformation: Large tanks can "bulge" or settle when filled, changing the
relationship between level and volume (the strapping table). Regular recalibration
of the tank's volume table is necessary.

Vapor Pressure: In pressurized tanks, the weight of the vapor column can influence
hydrostatic pressure readings, requiring differential pressure measurement for
accuracy.
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Minimum Detectable Leak Rate: Every system has a threshold. A system rated to
detect 0.4 liters per hour may not identify a slow weep of 0.05 liters per hour until
it persists for a long duration.

| Frequently Asked Questions (FAQ)

Q: How often should a tank leak detection system be tested?

A: Regulatory bodies often require monthly automated tests and annual third-party
certification. However, continuous monitoring systems provide real-time alerts that
supplement these periodic checks.

Q: Can one system monitor multiple tanks?

A: Yes, most modern consoles can integrate data from 8 to 32 sensors, allowing for
centralized monitoring of an entire tank farm.

Q: Is radar better than ultrasonic for leak detection?

A: Generally, yes. Radar offers higher precision and is not affected by the air
temperature or vapor composition in the tank, making it more reliable for the
minute measurements required to identify leaks.

Q: What is the difference between "leak detection" and "overfill prevention"?

A: Leak detection monitors for the loss of product from the tank, while overfill
prevention uses high-level switches to stop the filling process before the tank
exceeds its safe capacity. Both are essential for tank safety.

By selecting the appropriate measurement technology and ensuring precise
installation, industrial facilities can maintain high safety standards and protect
their assets. For assistance in selecting the right sensors for your application, visit
the Main Page to explore our full range of industrial level measurement solutions.



