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Whitepaper: Water Level Measurement using
Vented Pressure Probes

Water level pressure sensor are fully submersible probes relying on the hydrostatic pressure exerted
by a fluid at rest due to the force of gravity. In hydrostatic pressure measurement, even in flowing
water, each pressure reading assumes that the water column is temporarily stable during the brief sam-
pling period — allowing the sensor to reliably interpret pressure as depth. In natural streams, where
water levels fluctuate with rainfall, snowmelt, or droughts, hydrostatic sensors offer continuous and
automated monitoring, and — using low power technology - even in remote areas.

Understanding Hydrostatic Water Level Sensors

Hydrostatic water level sensors measure how much water is above them by detecting pressure. Hydro-
static pressure refers to the mass of a stationary liquid at a given point of measurement. As level increases,
the hydrostatic pressure increases proportionally, thus: The deeper the water, the more pressure it cre-
ates — so pressure is proportional to the water level. A hydrostatic pressure sensor uses a pressure sen-
sitive element, such as a diaphragm, which responds to the applied pressure. This element converts the
hydrostatic pressure into an electrical signal. A local microprocessor provides linearisation and analog-to-
digital conversion. The digital data can then be transmitted to a connected data logger via SDI-12 or similar
digital protocols.
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Figure 1 — Vented Pressure Sensor
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Relative pressure: The back of the diaphragm in the rela- | BUt the sensor doesn't just see the water

tive pressure cell is in contact with the ambient pressure. | Pressure - italso senses the weight of the

By definition, the pressure inside a water body (the sum | 2if @above the water. To find the true water

of water and barometric pressure) must always be depth, we need to subtract the air pres-

greater than the barometric pressure, and the diaphragm | SYr€ (also called barometric pressure)

is then pressed inwards, giving a positive reading. from the total pressure reading. Without

this correction, changes in weather or lo-

cation can make the water level appear to rise or fall when it hasn't. Altitude also plays a role: At high
altitudes, such as in the mountains, the air pressure is lower than at sea level. If the sensor isn't adjusted
for this, it can give a false low reading - even if the water column is at the same height. The solution is to
use vented pressure sensors, where a capillary runs all the way up the cable out of the water to allow air
pressure compensation. Alternatively, an absolute pressure sensor can be used in the body of water and
a separate barometric pressure sensor connected to the datalogger where the compensation is applied.
Temperature has a marked influence on water density. As water warms, it becomes slightly less dense.
This changes the way pressure builds up with depth, so temperature compensation helps keep readings
accurate, especially in changing climates or deeper water. Modern sensors combine a pressure transducer
and an accurate temperature in the same sensor housing. The local intelligence uses the water tempera-
ture reading to compensate for the pressure reading.

Finally, even gravity varies slightly across the Earth. Gravity is a little weaker near the equator or at high
altitudes, which can very slightly affect how pressure is converted into water depth. For most everyday
applications, this difference is tiny - but for scientific or precision measurements, it may be worth correct-
ing for it. For this reason, advanced sensors offer the ability to enter a site-specific gravity correction to
ensure the best possible water level measurement.

The geometry of the water body does not

Hydr: ic Par : For homogen r den-
B G (R e EnERS R CLE affect the pressure measurement. The

sity, the relationship between level change and . .
y P g hydrostatic pressure sensor can be used in any

ressure is linear and independent of tank geome- . . .
P P g type of water body including lakes, rivers,

try.

reservoirs (natural and man-made), canals or

streams.
In short: to measure water levels accurately, hydrostatic sensors must account for air pressure, water
temperature, and (sometimes) local gravity. With the right corrections, they provide a reliable way to
monitor water levels anywhere on Earth. Advanced sensors allow the user to enter a location-specific
gravity correction.
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Figure 2 — Understanding Hydrostatic Water Level Sensors in a Nutshell

Common Pitfalls When Using Vented Hydrostatic Pressure Sensors in Hydrological

Applications

Hydrostatic pressure sensors are specifically designed to measure static water pressure — that is, pres-
sure resulting solely from the water column above the sensor. The term “static” is critical: any influence
from dynamic pressure can lead to inaccurate or unreliable measurements. The following conditions
should be carefully avoided:

Rapidly Changing Water Levels

Sudden fluctuations — particularly those occurring in less than one second — can introduce dynamic ef-
fects that distort the sensor's readings. These are common in surge zones, turbulent flows, or wave-dom-
inated environments.

Improper Sensor Orientation (Diaphragm Facing Flow Direction)

When the pressure-sensitive diaphragm is oriented toward the direction of flow, it can detect additional
pressure from water movement. This leads to overestimated pressure readings due to the kinetic energy
of the water acting on the sensor surface.

Underpressure Due to Mounting Errors

Incorrect installation, such as poor sealing or improper vertical placement, can create a suction effect,
especially during draining or backflow conditions. This underpressure can negatively bias the measure-
ments or even damage the sensor.

Piezoresistive Pressure Sensors — Principles and Design

In electronic pressure measurement, a sensor is required to detect pressure and convert it into an elec-
trical signal. In resistive pressure sensing, this is achieved using an electrical resistor whose resistance
changes depending on the applied pressure.

250514_Whitepaper-HydrostaticProbesWaterLevel-FINAL.docx, 16.05.2025 page 3 / 8
KISTERS Controlled / Kontrolliert, Template: Template-two-sided-HMT.docx, V5.0



Whitepaper: Water Level Measurement using Vented Pressure /& KISTERS
Probes

When this resistance change is caused not just by physical deformation but by changes in the material's
intrinsic electrical properties under mechanical stress, the principle is known as the piezoresistive effect.
In piezoresistive materials, mechanical strain — either stretching or compression — leads to changes in
electrical conductivity, which in turn affects resistance. This is due to shifts in atomic positions that alter
how electrical charges move through the material. As a result, the resistance change can be significantly
greater than that caused by geometric deformation alone.

Semiconductors exhibit a particularly strong piezoresistive effect. Silicon is commonly used for manufac-
turing piezoresistive pressure sensors due to its compatibility with established semiconductor fabrication
processes. For this reason, these sensors are also referred to as sensor chips.

To protect the sensor chip from direct contact with water, it is hermetically sealed in a metal housing filled
with oil and closed on the front side by a thin diaphragm. Pressure is transmitted through the diaphragm
and oil to the sensor chip.

The crystalline silicon of the chip deforms elastically under pressure, ensuring long-term mechanical sta-
bility and resistance to fatigue, even after numerous pressure cycles. The integration of the membrane
into the sensor chip enables the development of compact, durable, and highly stable pressure sensors.
Since piezoresistive sensors have no moving parts, they are highly resistant to shock and vibration.

Relationship between water level and hydrostatic pressure
The basic formula that connects pressure, density, and level is:
P=pegeLyater
Where:
e P =pressure (in Pascals) caused by the weight of the liquid above a certain point.
e p = density of water (in kg/m3); how much mass is in a given volume of the liquid (e.g., water =
1000 kg/m3, which is 1 kg/L).
e g =acceleration due to gravity (= 9.81 m/s?)
®  Luater = height or depth in water (in metres)
Subsequently, if the density increases, the same pressure is reached at a shallower depth. So, if you meas-
ure pressure and want to calculate the depth/level Lyaterthe formula then is:
P
peg
If the sensor measures a pressure of 1 bar (equals to 100,000 Pascals), and the density of waterp is equal
to 1000 kg/m? and the acceleration g=9.81 m/s, then
100000
Lwater = 5000 9,1 ~ 102
In summary, and under normal conditions, a measured pressure of 1 bar corresponds to a water level

water —

height of approximately 10.2 m. To get the correct depth, the measured pressure must be divided by the
product of the liquid’s density and gravity.
Temperature affects Water Density
The density of water p changes with temperature:

e At 4°C, water is most dense: about 1000 kg/m3.

e At 25°C, it's about 997 kg/m?3.
From 4°Cto 30°C, the same pressure gives a level reading that’s ~5 cm higher. That’s a ~0.5% overestimate
if temperature isn’t corrected.

250514_Whitepaper-HydrostaticProbesWaterLevel-FINAL.docx, 16.05.2025 page 4 / 8
KISTERS Controlled / Kontrolliert, Template: Template-two-sided-HMT.docx, V5.0



Whitepaper: Water Level Measurement using Vented Pressure 4 KISTERS
Probes

Gravitational Acceleration affects Level Readings
How Much Does Gravity Vary? Gravity varies by about 0.5% across the Earth's surface.
e ~9.780 m/s? at the equator
e ~9.832 m/s? at the poles
e Even altitude affects it slightly — higher up, gravity is weaker
This means that a 10 m water column could appear 5 cm different if measured at the equator versus the
poles, assuming no gravity correction is applied.

Applications: Still Water and Streams

Hydrostatic level instruments provide a reliable, accurate liquid level measurement in both still and
streaming water. The submersed probes — with some mechanical protection — work reliably even through
adverse conditions such as foam building and agitation. Pressure sensors measure instantaneous force
per unit area, and unless there's extreme turbulence, the vertical pressure caused by the water's weight
doesn't fluctuate wildly over very short intervals. This is why hydrostatic pressure sensors can be deployed
in various types of water bodies ranging from groundwater reservoirs to streams.

Hydrostatic pressure sensors are a natural choice for level monitoring in groundwater reservoirs, lakes
and dams. Still water shows little to no horizontal movement and is the ideal case for a hydrostatic probe.
However, flowing water in a stream may move horizontally, but for the purpose of hydrostatic pressure,
what matters is the vertical load of water directly above the sensor. The depth (and thus pressure) at a
fixed point changes relatively slowly compared to the sampling interval, so it’s safe to treat it as “static”
in that moment.

In hydrostatic pressure measurement, in both still and flowing water, each pressure reading assumes that
the water column is temporarily stable during the brief sampling period — allowing the sensor to reliably
interpret pressure as depth.

KISTERS’ HyPremo Vented Hydrostatic Pressure Sensor

KISTER” HyPremo is a programmable submersible level transmitter designed for precise measurement of
water level and temperature in both groundwater and surface water. Built for long-term deployments,
the HyPremo combines high accuracy, robust construction, long-term stability and low power consump-

tion.
|
/A HyPremo ———
DTM BLE SDIN2-R1* 10m Kabel
SNO: OSX2FSEC650 12/2023
Figure 3 — KISTERS‘ HyPremo Vented Hydrostatic Pressure Sensor
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Built-in Compensations
In order to provide a high-quality sensor for a wide range of demanding applications, KISTERS have
equipped HyPremo with a broad range of technical features, including compensation for the main influ-
encing factors.
e The HyPremo is a vented sensor for automatic barometric compensation. It eliminates pressure
errors caused by atmospheric fluctuations, ensuring consistent accuracy
e The integrated high-precision temperature sensor with 0.1°C resolution is used for temperature
compensation, accounting for changes in water density.
e Using KISTERS HyComm configuration software, users can apply a gravitational acceleration cor-
rection to all readings. Simply enter the gravitational acceleration for a chosen site.
Engineered for deployment in outside environmental conditions
e The pressure cell can withstand mechanical stress up to 4 times the pressure range (max. 40 bars).
e The sensor can be used in natural fresh water and in slightly saline water (coastal or tidal rivers).
e High-quality stainless-steel housing.
e PUR signal cable with integrated capillary (vent tube).
Effortless Integration
Equipped with an SDI-12 interface, the HyPremo integrates seamlessly with data loggers and supports
reliable data communication in a wide range of monitoring systems. In addition to the standard SDI-12
command set, it offers a series of extended commands that simplify sensor configuration and enable pre-
cise compensation adjustments. Designed for low-power operation, the HyPremo is ideal for remote or
battery-powered installations, ensuring efficient and dependable performance in the field. Field-proven
in a variety of real-world conditions, it has been successfully deployed in numerous groundwater moni-
toring projects as well as diverse surface water applications.
Preventive Maintenance and Diagnosis
In addition to the main measurements of pressure and temperature, the sensor also monitors the supply
voltage. Readings can be extracted for maintenance and diagnostic purposes via the SDI-12 interface.

Site Selection and Installation
Recommendations for Groundwater Monitoring
Site Selection
e Choose representative wells or boreholes that reflect regional groundwater conditions.
e Ensure the well is properly constructed and screened at the correct depth.
e Avoid wells near pumps, drainage tiles, roads, or contamination sources (e.g., fuel tanks, septic
systems).
e Prefer wells with minimal head pressure fluctuation from nearby usage (irrigation, drinking wa-
ter).
Installation
e Mount the sensor below the lowest expected water level, but above the bottom of the well, to
avoid exposure to air as well as contact with mud, sediment, or deposits that could clog or foul
the sensor.
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Use non-stretch suspension cable or PVC guides to maintain stable placement. For installations
requiring cable lengths exceeding 50 meters, enhanced strain relief and additional cable strength-
ening may be required. This ensures mechanical stability and long-term durability, even under
challenging deployment conditions.

Add desiccant tubes or junction boxes with desiccant to prevent moisture intrusion.

Avoid installing the sensor directly in the well screen zone if sediment may enter.

Allow sufficient settling time after installation before recording data.

Recommendations for Open Water (Lakes, Dams, Reservoirs)

Site Selection

Choose a location with:

Consistent depth and gradual slope

Minimal wave action or wind fetch if possible

Stable shoreline access or fixed infrastructure (e.g., pier, intake, buoy anchor)
Avoid boat traffic lanes or recreational zones.

Avoid inlets and outlets, or mixing zones where water levels fluctuate erratically.

Installation

Place the sensor well below the lowest anticipated water level, but: At least 0.5—-1 meter above
the sediment layer to avoid clogging or burial by silt/mud. Note: no wash-up effect as you find in
flowing water and therefore faster build-up of sediment layers.

Use PVC or metal stilling tubes with perforations — this shields the sensor from both wave-in-
duced pressure noise (think: storms, boats) and debris while allowing free water exchange. In
cases with regular ship operation or any other periodic or persistent cause of agitation of water,
a stilling well or perforated tube is strongly recommended to reduce the influence of surface
waves and turbulence.

Alternatively, install on a weighted vertical cable or pole, anchored securely and tensioned to

avoid movement.

Surface Water (Streams, Rivers, Brooks, Open Channels)

Site Selection

Select a location with laminar (smooth) flow, away from turbulence, waterfalls, or eddies.
Avoid areas near debris accumulation, vegetation, or sediment build-up.

Choose a stable riverbank or structure to mount cables or enclosures.

Ensure safe access for maintenance and flood resilience.

Consider long-term stability: avoid braided channels or high erosion zones.

Installation

Mount the sensor below the lowest expected water level, but above the bottom of the stream,
to avoid exposure to air as well as contact with mud, sediment, or deposits that could clog or foul
the sensor.

Place the sensor in a stilling well, protective pipe, or recess to both dampen turbulence and pro-
tect the sensor from contact with debris.

Ensure the sensor is fully submerged even at lowest flow levels.

Anchor the sensor to prevent movement during high flow.

Route cables securely and protect from debris, ice, or animals.
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Cable Management
General recommendations for cable management are largely independent of the installation site or type
of water body. However, the recommendations need to be adapted to local conditions.

e Install the cables in protective sleeves, tubes or cable ducts. Never expose the cable to the outside
environment without mechanical protection. Use protective materials that are UV and moisture
resistant.

e Secure cables along solid structures (smooth rock walls, man-made walls, piers, bridge founda-
tions, buoys, etc.)

e Provide strain relief.

e Important note for vented hydrostatic pressure sensors:

o The pressure compensation capillary (or vented tube) is an open-ended, small diameter
tube that runs along the wires in the connection cable. This capillary must not be
squeezed and can be damaged by sharp bending or contact with sharp objects.

o The capillary must be kept dry at all times. Moisture in the capillary can affect the pres-
sure readings by falsifying the barometric pressure readings. In extreme cases, water
droplets can clog the vent tube and stop the barometric pressure reading altogether.

o Route vent tubes to dry, shaded and desiccant protected logger housings to prevent con-
densation or blockage. Ensure that open-ended cables are not disposed of on wet ground
during installation.

o Junction boxes can also be used to house desiccant.
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