
Portable Online Measurement in Ultrapure Water Samples
When the Process Data Needed is not Available in the Control Room

Why Portable?

Whether in a steam-electric power plant, chemical plant or
any  other  process  in  which  liquid  analysis  occurs,  the
number and location of  measurement points  for  process
control  tends  to  be  fixed.  Portable  analyzers  offer  the
flexibility of being able to measure at virtually any location
for purposes of troubleshooting, benchmarking or process
improvement.

Inevitably,  industrial  processes  change  and  technical
challenges arise where having new data is helpful. Water
treatment programs for Heat Recovery Steam Generators
(HRSG's) in combined cycle plants for example, is an area
that  continues to  evolve  to ensure operational  efficiency
and safety. Here, issues such as Flow Accelerated Corrosion
(FAC), where parameters such as dissolved oxygen play a
role, can require extensive investigation to resolve. In the
case of a nuclear power plant, there are several thousand
piping components potentially susceptible to damage from
FAC1.  When  working  to  isolate  underlying  causes,  often
extensive measurements are required beyond that which
installed analysis equipment can provide.

Portable online analyzers offer the means to replicate the
robustness  of  fixed analyzer  measurements  but  with  the
ability to change the location at which the measurement is
taken.  This  also  translates  into  better  asset  utilization as
one analyzer can service multiple locations.

Why Online Analyzers?

While lab or benchtop meters offer portability, for certain
parameters  they  cannot  achieve  the  required  level  of
accuracy especially in Ultrapure water samples. Ultrapure

1 EPRI (2013). Recommendations for an Effective Flow-
Accelerated Corrosion Program (NSAC-202L-R4), 2-2

samples typically require preservation of sample integrity
by using a continuously flowing sample in a sealed system.

Dissolved oxygen (DO)  and pH are examples where online
measurement is required. In both cases,  exposure of the
sample to air will significantly change its composition and
hence the measurement.

Portable: More Than Adding Wheels 

Naturally, portable analyzers require provisions so they are
easily  transported  from  one  measurement  point  to
another.  However,  because  of  their  need  to  be  self-
sufficient especially in remote areas of a plant,  there are
many other considerations in their design.

Online analyzers are normally equipped with a means to
preserve sample integrity but the sample may also need to
be  conditioned  prior  to  analysis.  Such  is  the  case  for
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Figure 1 – portable online sodium analyzer with 
integrated sample cooling and pressure reduction



samples drawn at high pressure and/ or temperature. Here
the portable system needs to be equipped with adequate
pressure reduction and cooling capacity in order to safely
deliver the sample to the analyzer.  Also, gauges help the
operator in ensuring the sample meets the specifications of
the analyzer.

To achieve portability with integrated sample conditioning,
the  layout  of  the  equipment  within  the  system requires
careful  planning.  Unlike  fixed  sample  panels,  portable
systems can make use of both sides of a panel to minimize
the dimensions of the overall system. The system shown in
figure 1 incorporates sample cooling and an isolation valve
on the back side.

Adding to the list of requirements, portable systems most
often need datalogging capability since they are used for
troubleshooting or benchmarking. So, if a DCS system is not
accessible  to  accept  outputs  from the  analyzer,  onboard
data capture such as that shown in figure 2, or an external
PC or datalogger will need to be included. 

Because measurements may be taken in an isolated area of
a  plant,  power  requirements  must  be  considered.  Some
portable systems require very low power and do not need
an external AC power source. Systems such as the portable
ppb DO system with galvanic sensor shown in figure 3 have
very low power requirements and can run on battery for up
to 8 hours.

Instrument Selection – Right Data the First Time

Because portable analyzers are primarily used when there
is a problem and are required to work in inhospitable areas
of  the  plant,  it  is  always  desirable  to  obtain  quality
measurements on the first attempt. The robustness of the
instrument  and  measurement  method  are  critical  to
achieving this.

Influences on measurement accuracy such as temperature
and electromagnetic interference (EMI) must be minimized.
For  electrochemical  instruments,  electrodes  should  be
properly shielded and selected based on low temperature
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Figure 2 – Analyzers with onboard data capture are often 
necessary for portable analyzers in remote areas of a plant

Figure 3 - Portable ppb DO analyzer requiring only DC 
power to operate. It also includes quick disconnects for 
sample and drain lines



effect.  Many electrodes use  reference systems that  have
significant  temperature  coefficients  (small  temperature
changes cause relatively large changes in the solubility of
salt  used  in  the  system)  which  can  translate  into
measurement error even when temperature compensation
is used2. Conventional temperature compensation schemes
do  not  account  for  the  voltage  difference  that  develops
between the reference and working electrode when they
are not in temperature equilibrium. As illustrated in figure
4,  there  is  a  significant  measurement  error  when  the
reference  and  measurement  electrodes  are  at  different
temperatures.

Also, high resolution measurements ensure that problems
are properly pinpointed. At the outset of troubleshooting,
the nature  or  cause of  an  issue is  often unclear.  Hence,
increasing the accuracy and resolution beyond that which is
used  for  day  to  day  process  monitoring  can  be  very
worthwhile for portable systems. One example is  that of
dissolved oxygen – a common parameter measured with
portable  systems.  The  galvanic  dissolved  oxygen  sensor
performance  depicted  in  Figure  5  demonstrates  clear
sensitivity  to  changes  of  0.1  ppb.  In  addition,  the  “true
zero” nature of galvanic cells offers greater certainty for low
level measurements since a galvanic cell generates its signal
entirely  based  on  oxygen  concentration  without  an

2 Thermo Scientific (2015). How Electrode Design Correlates with
Optimum Performance in pH Measurement, 2

externally  applied  voltage  or  current.  Therefore  zero
current from the sensor means zero dissolved oxygen.

Takeaways

Portable  online  measurement  provides  process  insights
that are invaluable in solving problems. A portable system
though must be specifically configured for portable use and
may differ in some ways from its fixed counterpart. When
setting  out  to  understand  an  issue,  the  resolution  and
accuracy needed in the data may not be known. This is why
for portable systems the technology that offers the greatest
certainty and resolution is always the best bet.
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Figure 4 – Effect of 25 °C temperature difference between 
reference and working electrode for Ag/ AgCl 

Figure 5 – galvanic dissolved oxygen sensor response to 0.1 
ppb oxygen injections from a 0.43 ppb baseline
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