WELK | REFERENCE GUIDE

Vieach

A practical guide to vleach, covering the reader intent, the relationship to vleach,
key evaluation criteria, common risks, and the information the intended project
audience should confirm before taking the next step.

levelmeter.org
Main topic: Main Page
https://www.level-meters.com/

Welk Reference Guide 1



WELK REFERENCE GUIDE Vleach

In the field of environmental engineering and hydrogeology, the term "VLEACH"
refers to the Vadose Zone Leaching Model, a one-dimensional finite-difference tool
used to estimate the movement of volatile organic compounds (VOCs) through the
unsaturated soil zone to the groundwater table. For professionals managing
landfills, industrial waste sites, or remediation projects, understanding the VLEACH
model is only half the battle; the other half involves accurate, real-time physical
monitoring of fluid levels. The data generated by level measurement instruments
provides the essential boundary conditions and validation points required for any
leaching simulation to be considered reliable.

This article provides a technical overview of how level measurement technology
supports VLEACH modeling, the principles behind the instruments used in these
applications, and a guide to selecting the appropriate hardware for monitoring the
vadose zone and leachate levels.

| Overview of the VLEACH Modeling Framework

VLEACH is a conceptual and mathematical model that simulates the migration of
organic contaminants. It specifically focuses on the vadose zone—the area
between the earth's surface and the permanent water table. The model accounts
for several physical and chemical processes, including liquid-phase advection,
solid-phase adsorption, and gas-phase diffusion.

To yield accurate results, VLEACH requires specific site data, including soil
porosity, organic carbon content, and, most critically, the recharge rate and the
depth to the water table. If the water table level is incorrectly measured, the
model’s predictions regarding the time of arrival and the concentration of
contaminants at the groundwater interface will be fundamentally flawed.
Consequently, industrial level meters are not just peripheral tools; they are the
primary source of empirical data for environmental compliance and risk
assessment.
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Integrating Physical Level Monitoring with VLEACH
Data

In practical B2B applications, such as landfill management or chemical plant site
monitoring, engineers must establish a network of monitoring wells and sumps.
These physical points of measurement serve two purposes in the context of
VLEACH:

1. Establishing Baseline Depth: Determining the precise distance from the surface
to the liquid interface (the water table or leachate head).

2. Monitoring Seasonal Fluctuations: VLEACH models often assume a steady state,
but in reality, water levels fluctuate due to precipitation (recharge). Continuous
level monitoring allows engineers to adjust model parameters to reflect real-world
variability.

For those designing these monitoring systems, reviewing the Main Page of
professional instrument manufacturers is a critical step in identifying sensors that
can withstand the harsh chemical environments often associated with VOC
leaching.

Measurement Technologies for Leachate and
Groundwater Level

Selecting the right measurement principle is vital for the longevity of the sensor
and the accuracy of the VLEACH model inputs. Below are the primary technologies
utilized in industrial and environmental level monitoring.

| Hydrostatic Pressure Measurement

Hydrostatic level transmitters operate on the principle that the pressure at a
specific point in a liquid is proportional to the depth of the liquid above it. The
formula used is $P = \rho \cdot g \cdot h$, where $P$ is pressure, $\rho$ is the
density of the liquid, $g$ is gravity, and $h$ is the height of the liquid column.
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In groundwater wells, a submersible pressure transducer is lowered to a fixed
depth. It measures the weight of the water column above it. This is a common
choice for deep boreholes because it is relatively inexpensive and easy to install.
However, for VLEACH applications involving volatile chemicals, the sensor
materials must be compatible with the specific VOCs being monitored.

|Radar (Non-Contact) Level Measurement

Radar level meters, particularly those operating at high frequencies like 80 GHz,
use the Time-of-Flight (ToF) principle. The sensor emits a microwave pulse that
reflects off the surface of the liquid and returns to the receiver. The distance is
calculated based on the time elapsed and the speed of light.

Radar is highly effective for leachate sumps or tanks where the liquid may be
turbulent, foamy, or chemically aggressive. Since the sensor does not come into
contact with the liquid, it is less prone to corrosion or fouling, which are common
issues in waste management environments.

| Ultrasonic Level Measurement

Similar to radar, ultrasonic sensors use the ToF principle but utilize sound waves
instead of electromagnetic waves. While cost-effective for open-channel flow or
simple water tanks, ultrasonic sensors can be affected by air temperature
gradients, heavy vapors, or surface foam—all of which are frequently present in
leachate monitoring scenarios. Therefore, they are generally used in less complex
environmental applications.

Technical Selection Criteria for Monitoring
Instruments

When choosing an instrument to support a VLEACH-related project, engineers

should evaluate the following criteria. The following table provides a comparison of
common technologies used in the field:
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Measurement
Principle

Accuracy

Ideal Application

Chemical Resistance

Installation

Maintenance

Hydrostatic

Transmitters

Pressure-based
(Contact)

+0.1% to £0.5% FS

Deep boreholes,
groundwater wells

Depends on housing
(55316, Titanium)

Submerged via cable

Periodic cleaning of
diaphragm

Radar Level Meters

Microwave Reflection
(Non-contact)

+1 mmto £2 mm

Corrosive sumps,
process tanks

Excellent (PTFE/PVDF
faces)

Top-mounted

Very low

Vleach

Ultrasonic Sensors

Sound Wave
Reflection
(Non-contact)

*+0.25% of Range

Open channels,
water storage

Moderate (Plastic
housings)

Top-mounted

Periodic cleaning of
transducer face

For VLEACH modeling specifically, the high accuracy of radar is often preferred
when monitoring leachate head levels in landfills, as even a few centimeters of

error can significantly change the calculated hydraulic gradient.

Installation Guidelines for Vadose Zone and Well

Monitoring

Proper installation is as important as selecting the right sensor. Inaccurate
installation leads to "offset errors" that can invalidate the VLEACH simulation.

1. Stilling Wells: For both radar and hydrostatic sensors, the use of a stilling well (a
vertical pipe with holes) can help eliminate surface turbulence and protect the
sensor from debris. This ensures a stable reading of the true liquid level.

2. Venting: Hydrostatic sensors require a vented cable to compensate for changes
in atmospheric pressure. If the vent tube is blocked or saturated with moisture, the
level reading will drift, providing false data to the VLEACH model.

3. Zero-Point Calibration: Before deployment, the "zero point" (the distance from
the sensor to the bottom of the well or a specific datum) must be precisely
measured. In environmental engineering, this is often referenced to the Mean Sea

Level (MSL).

Welk Reference Guide



WELK REFERENCE GUIDE Vleach

4. Cable Management: In deep wells, the weight of the cable can cause stretching
over time. Using cables with internal Kevlar reinforcement is recommended to
maintain measurement stability over several years of monitoring.

Challenges and Limitations in Harsh Leachate
Environments

Monitoring for vleach processes involves dealing with complex chemical mixtures.
These environments present several challenges:

Corrosion: Leachate often contains organic acids and dissolved heavy metals.
Standard 316L stainless steel may not be sufficient. For these applications, sensors
with PVDF, PTFE, or Hastelloy C-22 coatings are required.

Build-up and Scaling: In groundwater with high mineral content, calcium carbonate
or other scales can build up on hydrostatic diaphragms or ultrasonic faces.
Non-contact radar is generally the best solution for minimizing maintenance in
these conditions.

Gas Pockets: In the vadose zone, the presence of methane or CO2 (common in
landfills) can change the speed of sound, making ultrasonic measurements
inaccurate. Radar is unaffected by the gas composition in the headspace.

Power Constraints: Many environmental monitoring sites are remote and rely on
solar or battery power. Selecting low-power 4-20mA loop-powered sensors or
Modbus-enabled digital sensors is essential for long-term autonomous operation.

| Frequently Asked Questions (FAQ)

Q: How does the VLEACH model handle different soil types?

A: VLEACH allows the user to input different soil layers with varying properties
(porosity, bulk density). However, the level meter must be placed at the bottom of
these layers to accurately identify the saturated zone interface.

Q: Can | use a standard water level sensor for leachate?
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A: It is not recommended unless the sensor is specifically rated for chemical
resistance. Leachate is significantly more aggressive than groundwater and will
quickly degrade standard seals and diaphragms.

Q: What is the benefit of 80 GHz radar over older 26 GHz models for this
application?

A: 80 GHz radar has a much narrower beam angle (typically around 3 degrees).
This allows it to be installed in narrow monitoring wells or sumps with internal
obstructions without interference from the walls, which is a common problem in
environmental monitoring.

Q: How often should level sensors be calibrated in a VLEACH monitoring project?

A: For regulatory compliance, most projects require a calibration check every 6 to
12 months. However, using high-quality instruments with low long-term drift can
extend these intervals.

| Conclusion

The effective use of the VLEACH model in environmental management depends
entirely on the quality of the physical data collected from the field. By
understanding the principles of hydrostatic, radar, and ultrasonic measurement,
and by selecting instruments that can withstand the rigors of leachate and
groundwater environments, engineers can ensure their models are both accurate
and defensible. For those in the procurement or engineering phase of a project,
consulting professional resources and technical specifications on the Main Page is
the most reliable way to match measurement technology to the specific demands
of vadose zone monitoring.
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