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The AmSys solution for leak detection:
• Can be used in all systems where heat exchanger leakage 

may be detected as change in conductivity. Typical examples 
are:

• ammonia into freshwater, seawater, spillwater etc.

• ammonia into cooling and heating circuits

• Seawater into freshwater
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Detecting devices and warning systems are required 
according to EN 378-3.

• According to EN 378-3 section 8, heating/cooling systems 
with more than 500 kg ammonia (R717) ammonia, detection 
must be installed the cooling / heating secondary circuits. 
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AmSys background:

• Installed detector (electrolytic) did not give any warnings/alarms of 
the leakage.

• After this incidence, a lot of effort and money were spent on finding 
better and more reliable solutions.

• The AmSys solution is the result from this experience and 5 years of 
further development.
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• Based on experience from 
a heat exchanger leakage 
in 2012 into a district 
heating system in Norway 
(5MW heat pump).
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Unmatched sensitivity and stability!
• High accuracy process model increase sensitivity typically by factor 20-100 compared to 

alternative systems.

• Virtually no need for sensor maintenance. 

• Adaptive functionality compensates for sensor fouling, water quality drift etc. and ensures 
«lifetime» sensitivity in most fluids with virtually no maintenance or additional cost. 

• Preliminary tests on ammonia in seawater indicates 5-20 ppm as practical detection limit, 
depending on seawater salinity. This is well below usual recommended limits!

AmSys.no

Water type: Normal conductivity Typical sensitivity to NH3, 
ammonia

Practical detection limit
(alarm limit)

«Scandinavian» tap water 
(surface)

50-100 micS/cm @ 25 ⁰C 0.1-0.2 ppm 0.5-1 ppm 

«European» tap water 
(ground water)

200-300 micS/cm @ 25 ⁰C 0.4-0.8 ppm 2-4 ppm 

District Heating systems 
(according to 
recomendations)

50-80 micS/cm @ 25 ⁰C 0.1-0.2 ppm 0.5-1 ppm

Demineralized boiler feed
water steam condensate

0.5-1 micS/cm @ 25 ⁰C <0.01 ppm <0.1 ppm

Strong improvement in sensitivity to any substance that gives conductivity change, like seawater, oil, etc. 
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Advantages with the AmSys solution:

• Early detection of defective heat exchangers saves environment 
and money spent on downtime and troubleshooting.

• Virtually maintenance free. Currently available systems 
(electrolytic, PH) require a lot of  maintenance and have a 
number of limitations in terms of sensitivity and response time 
(limited by sampling interval) as well as pressure and 
temperature limitations.

• Advanced adaptive process model based on statistical and 
Kalman filter techniques gives unmatched performance and 
sensitivity that is maintained over time.

7



AmSys 
Adaptive Measurement Systems 

Temperature compensation is important!
• Traditionally a 2% fixed value is used for 

compensation

• BUT: Temperature compensation factor 
varies with fluid and sensor characteristics. 

• Nonlinear compensation optimal at 
temperature variation > 10-15 ⁰C.

• Typical cause for change:
• Water; seasonal changes og chemical treatment
• Sensor; fouling or wear

• One of the features in the AmSys system is 
automatic/adaptive determination of linear 
and nonlinear compensation factors.

• Factors are automatically updated if fluid or 
sensor changes (eg. by fouling)
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From Reagecon
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Adaptive function gives unmatched signal to 
”noise” (error) ratio by:
• Compensation of deviation and 

drift due to sensor difference and 
slow changes in water quality, 
sensor wear, sensor position, 
fouling etc.

• Optimal linear/nonlinear 
temperature compensation 

• Transport time error is 
minimized/eliminated.

• Dynamic errors due to heat 
transfer, dead time etc. 
minimized/eliminated.

• Compensation of conductivity 
changes.
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Alarm limits may be significantly reduced :
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Temperature IN/OUT 
during stop and restart

Measured conductivity difference: AmSys 
(red) vs. traditionally compensated 
conductivity measurements (blue)

Short stop of heat pump
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System drawing:

11

ATOUT

Ammonia, 

seawater etc.
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AmSys Leakage detection unit with adaptive 

mathemathical model for:

Temperature compensation

Calculation of compensated difference
+++

Alarms and 

compensated values

FTIN

AT = Conductivity

TT = Temperature

FT = Flow
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Series and parallell systems
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HX2 OUT

AmSys Unit

Heat exchangers

TTOUT ATOUT

FTIN TTIN ATIN

TTOUT ATOUT
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AmSys Unit
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Amsys vs standard temperature compensation (2.2% linear)
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90 S/cm

-107 S/cm

-3.7 S/cm

4.5 S/cm

Value Trend scale Unit

Temperature IN 0-20 ⁰C 

Temperature OUT 0-20 ⁰C 

Standard compensated contuctivity (2.2% linear compensation) (-100) – 100 S/cm

Compensated conductivity from Amsys model (red) (-100) – 100 S/cm

Amsys model (red)
(difference= 8.2 
S/cm)

«Standard» difference
calculation (green) 
(difference= 197 S/cm)
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Ammonia: 2.9ppm into 1000 S/cm water, 0.9ppm when dilluted into
total system (small test system)
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Temperature
variation only

ammonia added
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1h trend
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994 S/cm

1020 S/cm

Value Trend scale Unit

«OUT sensor» compensated conductivity from Amsys model (white) 980-1020 S/cm

«IN sensor» compensated conductivity from Amsys model 980-1020 S/cm

Standard compensated contuctivity (2.2% linear compensation) (-100) – 100 S/cm

Compensated conductivity from Amsys model (red) (-100) – 100 S/cm

«OUT» sensor
2.9ppm

«IN» sensor reacts after
some time due to 
recirculating water in 
small system
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AmSys model vs simple difference calculation

Temperature variations only: 
Simple difference calculalation: 197 S/cm

AmSys model: 8.2 S/cm

Adding ammonia: 
Adding 2.9ppm ammonia into same water (1000 S/cm) : 24 S/cm
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AmSys main screen
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Model quality
indicators
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Basic setup:
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Active temperature 
compensation values 
from model 

Static 
error/difference 
between sensors 
from model
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Model setup
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Parameters to control
model quality and use

Time horizion. Maximum age of
values used for adaptiv 
functionality.

Model status
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Other features in the AmSys system:
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• Trend tool

• Alarm system

• Benchmark calculations

• Save/restore parameters

• Modbus TCP/RTU

• +++
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Sensor mounting on pipe
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All ilustrations are
from Emerson

• Mount on side of horizontal 

pipe to avoid trapped air and 

sludge

• Sensor mounting through ball 

valve possible.

• Option: Retractable sensor 

allow changing sensor directly 

mounted on pipe with up to 

3-4 bar pressure. (PN16 when 

in operation)

Typical
conductivity
sensor with «built
in» temperature
sensor
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System with instrument-pump
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FT

Small pump
230VAC/10W

Heat Exchanger

«OUT»
Conductivity and 

temperature sensor 

AT

OUT

TT

OUT

«IN»
Conductivity and 

temperature sensor 

AT

IN

TT

IN

Small pump
230VAC/10W

• Option (normally not needed). 

• Small pump, approx. 10W in 

sensor circuit.

• Simple and safe inspection/ 

cleaning/service of sensors.

• Reduced error at low flow (low 

heat transfer -> variable time 

constant, high influence from 

ambient temperature)

• Continuously varying conductivity 

may be stabilized for a period in 

order to update sensor model.
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Other applications for the AmSys solution:
• Heat exchanger leakage detection is a typical 

application, but the technology is general and may be 
used to increase accuracy in all conductivity 
measurement applications to improve measurement 
stability and accuracy.

• Sensitivity and measurement accuracy is often 
improved by a factor 20-100 compared to traditional 
conductivity measurements. Early alarm from small 
contaminations provides optimal protection of 
environment and equipment.
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