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Cost-effective and Efficient
Multi-parameter Transmitter
Waters Equipment Company found conventional instrument systems with 

fixed length sensor cables, complex wiring and extensive configuration 

requirements to be labor intensive to install. Now, their use of the cost-

effective Thornton 770MAX means easy installation, high flexibility and 

simple operation.

Changing requirements
Power producers are forced to become 
lean to remain competitive, resulting in 
fewer qualified technical personnel to run 
the plants. In fact, power plant chemists 
who were at one time responsible for the 
operation and control of a single plant are 
now challenged to oversee power facilities 
in various locations, sometimes at great 
distances. 

The increasing trend is for simple, easy-
to-use and to troubleshoot in-line 
instrumentation and analytical sensors 
for cycle chemistry monitoring and con-
trol. These instruments must also be 
reliable and cost-effective to ensure deliv-
ery of a high quality, competitive sample 
panel.

Typical panel configuration
Waters Equipment Company, based in 
Lansdale, Pennsylvania, USA has been 
engaged in the design and construction of 
steam and water sampling systems since 
1963 and was a pioneer in the field. 

Waters Equipment sample panels are used 
to control the critical water chemistry es-
sential for optimal operation of a fossil 
fuel or nuclear power plant. Standard 
panels include multiple parameters at 
multiple measurement points which must 
be monitored in-line in real time for on-
going process surveillance and control. 
Price per measurement point is also an 
important consideration. 

The Mettler-Toledo Thornton 770MAX 
system is very well suited to these require-
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ments and is often specified for Waters 
Equipment panels.

Typical measurement points on a panel 
include:
Quantity Parameter
15  conductivity
5  pH
1 or 2  dissolved oxygen
1  sodium
1  silica

Multi-parameter advantages
According to Brian Reichley, Sales 
Manager at Waters Equipment Company, 
the Mettler-Toledo Thornton 770MAX 
multi-parameter transmitter with Smart 
Sensors is a highly desirable concept for 
sample panel fabricators. “The Thornton 
770MAX with four analytical inputs is cost 
effective and the Smart Sensors with au-
tomatic sensor recognition and calibration 
make them simple to install and operate. 
If we need to change out a sensor, the 
quick disconnect and automatic recogni-
tion of the sensor saves time and money.” 
In addition, Waters Equipment prefers the 
single model multi-parameter transmitter 
for convenient start-up and installation 

consistency. Reichley continues, “Most 
operators do not use a transmitter on a 
daily basis, so a universal transmitter al-
lows the chemist or technician to learn to 
operate one instrument for nearly all his 
measurement points.”

Input/output flexibility
Process control is equally important. 
Critical warnings and alarms must be 
activated based on chemistry perfor-
mance. An instantaneous signal from the 
measurement system is essential for sys-

tem optimization and protection. A 
transmitter with multiple outputs and 
control relays is key: “The control capa-
bilities of the 770MAX are well suited for 
panel fabrication due to the multiple in-
puts and outputs which are configurable 
to any measurement point. This provides 
much needed flexibility for new systems 
and for upgrades.” The 770MAX accepts 
up to four inputs from the following list of 
parameters, conductivity, pH, ORP, dis-
solved oxygen and TOC, and in any 
combination. It provides up to eight ana-
log output signals, including sample 
temperatures and derived parameters 
such as calculated pH from conductivity. 

As a Mettler-Toledo Thornton partner, 
Waters Equipment Company has realized 
the benefits of multi-parameter measure-
ments, unique Smart Sensor capabilities 
and the global support network offered by 
Mettler-Toledo Process Analytics world-
wide.

For more information, go to:
 www.mt.com/770MAX
 www.mt.com/pro-power

Multi-parameter transmitter 770MAX

Waters Equipment sample panel with 
Thornton 770MAX instruments
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High Performance over Wide Range
New cutting edge technology allows accurate conductivity measurement 

over a vastly wider range. The same robust titanium conductivity sensor 

can now operate in all stages of make-up water treatment, without 

compromising reliability or accuracy.

Previous limitations
With conventional conductivity measure-
ment, two or more sensors with different 
cell constants are needed to cover the 
range from brackish raw waters through 
the purification stages to pure water. This 
sometimes causes mix-ups in sensor types 
and locations and requires a greater vari-
ety and quantity of spare parts. Also with 
conventional sensors, the user must re-
member to manually enter the precise cell 
constant and temperature calibration 
data for each individual sensor into the 
transmitter’s memory to achieve rated 
accuracy. 

In addition, installations typically locate 
the sensor directly in-line in the system at 
a considerable distance from the trans-
mitter and control panel. Over the years, 
Thornton has optimized the wiring and 
signal handling to minimize cable ca-
pacitance and resistance effects so that 
accurate measurements are provided. 
Nevertheless, these effects do cause some 
measurement limitations.

Unified, universal solution
Based on Thornton’s technology-leading 
experience with conductivity and recog-
nizing the opportunity to make significant 
improvements, Thornton engineers devel-
oped a miniaturized measuring circuit 
that could be embedded in the top of the 
sensor and send a robust digital signal to 
the transmitter. This unified design re-
duced the effective wiring distance 

between the sensor and the measuring 
circuit to a couple of centimeters! Without 
the effects of long cable capacitance and 
resistance, more sophisticated measur-
ing techniques became possible. Because 
leadwire effects became negligible, elec-
trochemical factors affecting the 
measurement could be dealt with more 
directly to improve rangeability. 
Measurement from pure water to brack-
ish water up to 50,000 µS/cm can now be 
made with a single UniCond sensor with 
excellent accuracy. 

This remarkable rangeability provides a 
number of advantages. Covering the  
entire range of most water treatment 
systems, the UniCond sensor becomes 
universal and simplifies the specifica-
tion, documentation, installation, 
wiring, operation and ordering of spare 
parts – now actually, one spare part. 

UniCond sensors utilize Intelligent 
Sensor Management (ISM) technology, 
which maintains precise factory cali-
bration data, as well as sensor 
identification, serial num-

ber, etc. in memory. This enables simple 
Plug and Measure startup, eliminating 
manual data entry and any chance of 
operator error. 

Superior accuracy and reliability
The UniCond sensor is also more accurate 
because it is calibrated as a system, which 
includes the cell constant, the tempera-
ture sensor and the measuring circuits. 
With all of these components integrated 
for calibration, individual errors are no 
longer cumulative. There is no added er-
ror by combining separate sensors and 
transmitters, each with their own limits of 
error. The advantages with UniCond con-
ductivity sensors are quite significant: 
higher accuracy, wider rangeability for 
greater standardization, and easier, more 
foolproof startup. 

For more information, go to:
 www.mt.com/UniCond

UniCond conductivity sensor
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Controlling Dissolved Oxygen
Essential for Minimizing Corrosion
Dissolved oxygen control in pressurized water reactor nuclear plants is 

critical in minimizing corrosion and deposits of corrosion. Mettler-Toledo 

Thornton instrumentation provides accurate and reliable dissolved 

oxygen measurement to support this control.

Expense of current system
A northern European nuclear plant had 
been using expensive dissolved oxygen 
equipment for over 15 years. However, the 
cumulative high cost of replacement parts 
and maintenance time raised questions 
about its cost-effectiveness. These ques-
tions initiated interest in alternative 
equipment and in evaluating Mettler-
Toledo Thornton High Performance 
Dissolved Oxygen instrumentation. 

Evaluation
Following careful review by chemistry 
personnel, both the Thornton 770MAX 
and M300 transmitter configurations 
were determined to be acceptable for use 
at the plant. A Thornton M300 transmitter 
and High Performance DO sensor were 

readily installed for evaluation. They al-
lowed first-hand assessment of the ease of 
use and maintenance, as well as the ac-
curacy of the sensor design. 

At first the readings showed some instabil-
ity and flow sensitivity. Because the 
readings went down as the sample flow 
rate was increased, these effects were 
quickly diagnosed to be due to air leakage 
into the sample line (the air leak was  
diluted by the higher flow rate). 
Reconnection and tightening of tubing 
and fittings eliminated the leakage and 
resulted in very stable readings.

A direct comparison of their existing in-
struments and Thornton evaluation 
equipment was made on a sample on the 

secondary side of the unit, operating in a 
range near 4 ppb. No appreciable differ-
ences were observed between the two 
measuring systems. A representative seg-
ment of evaluation data is displayed in 
figure 1, which shows the existing system 
to have a slightly attenuated response. 

Following evaluation, two additional 
units were purchased and installed using 
the 770MAX multi-parameter transmitter 
as shown in the photo. These units were 
used to check all the measurement points 
in the plant.

Replacement approved
After completion of the evaluation testing 
and documentation review, the plant ap-
proved Mettler-Toledo Thornton dissolved 
oxygen equipment for replacement of 
their 20 points of measurement over the 
next year. The plant chemists found that 
Thornton provides equivalent perfor-
mance at a fraction of the purchase and 
maintenance costs. It also greatly reduces 
the maintenance time burden on person-
nel with simple, low cost, drop-in-place 
membrane bodies that do not require 
cleaning, conditioning, polishing or other 
special handling.

Multi-parameter value
A further advantage with Thornton in-
strumentation is its multi-parameter 
capability which allows mixing and 
matching other parameters as needed. For 
example, conductivity and / or pH can be 
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Fig. 1: Measurement comparison of the plant’s installed system and the Thornton instrumentation. 
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Simplify your process 
with multi-parameter  
solutions

The Mettler-Toledo Thornton 
770MAX allows you to measure 
up to four analytical water param-
eters at once using one transmit-
ter, thus simplifying your entire 
process.

Find out more at:
 www.mt.com/770MAX

Best Practice

Transmitter M300

monitored on the other channels of a 
Thornton instrument measuring dis-
solved oxygen – up to four channels with 
a 770MAX transmitter. A very straightfor-
ward approach is to have all parameters 
measured on a particular sample dis-
played on the same transmitter. This 
eliminates confusion among sample 
streams and allows easy correlation 
among the parameters.

A first impression about making multiple 
measurements with a single transmitter is 
that there could be a risk in “putting all 
your eggs in one basket” and a chance of 

losing all the measurements at once. But 
in reality, electronics are the most reliable 
part of the measurement system and very 
rarely fail. 

If transmitter replacement does ever be-
come necessary, only a single spare 
transmitter is needed for all the parame-
ters, instead of one for pH, one for 
conductivity and one for dissolved oxygen, 
each with its own documentation, wiring 
and operating procedures. But with the 
770MAX, most of the configuration is 
saved in the memory of Thornton Smart 
Sensors so a replacement transmitter can 

be up and running very shortly after the 
plug-in Smart Sensors are connected. 
Thousands of Thornton measurements in 
power plants around the world attest to the 
industry embracing the multi-parameter 
concept.

If you want to benefit from Thornton DO 
measurement systems, go to:

 www.mt.com/770MAX
 www.mt.com/M300
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greatly slow down response time as pure 
water samples flow through the accumu-
lation. 

Mettler-Toledo Thornton sensors and 
flow housings are designed to produce 
high flow velocities that carry any parti-
cles through the system without 
accumulating. This avoids most of the 
need for cleaning even without filters. 
During initial startup when large quanti-
ties of corrosion products and debris 
come through the sample lines, it is good 
practice to bypass the sample panel alto-
gether.

Is temperature compensation of 
cycle chemistry measurements 
critical if good sample cooling is 
provided? 
A good sample cooling system can bring 
the sample temperature very close to the 
standard 25 °C. However, the tubing, 
valves, flowmeter and possibly a cation 
exchange column downstream of the 
cooler will allow the sample to be sig-
nificantly influenced by the ambient 
temperature around the panel. 
Therefore, accurate 
t emperature 

compensation is still a very important 
consideration. Mettler-Toledo Thornton 
has especially accurate temperature 
compensation for cation conductivity 
compared with other instrumentation.

For high purity water conductivity 
measurements, what is the  
optimum cell constant?
The conductivity cell constant is deter-
mined by the mechanical design of the 
electrodes. It is the distance between 
electrodes divided by the effective cross-
sectional area of the fluid between them, 
with units of cm –1. 

Low cell constants (closely spaced elec-
trodes) are generally needed to make 
measurements in low conductivity samples 

In-line Analysis 
Frequently Asked Questions 
Successful in-line measurements depend on good installation and 

operating techniques as well as optimized instrumentation. Here are 

some common questions and recommendations to optimize these 

measurements.

For high purity water, what  
sample flowrate is required for 
pH and conductivity sensors? 
The measurements of these parameters 
are not inherently flow dependent. 
However, flowrate may affect sample 
contamination and therefore the mea-
surement may change. 

In very high purity samples, any air in-
leakage will add carbon dioxide to the 
sample which forms carbonic acid, rais-
ing conductivity and lowering pH. Polymer 
sample tubing may allow air to permeate 
the tubing and produce the same effect. 
Higher sample flowrates will dilute any air 
leaks and provide more representative 
results. Low flowrates may also allow the 
sample to dissolve trace contaminants 
from piping walls and yield a higher 
conductivity reading. 

pH measurement of low conductivity 
samples can be vulnerable to static 
charges built up around the sample from 
too high flowrates. To prevent this, pH 
sensor flowrate specifications must be 
observed.

Should cycle chemistry samples 
be filtered upstream of sensors?
Sample filtration upstream of sensors can 
prevent accumulation of corrosion prod-
ucts in the sensors and reduce cleaning 
requirements. However, the filter must be 
replaced frequently or the build up of 
particulate surface area on the filter will 

Thornton M300 ISM transmitter and sensors
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and this must be compatible with the 
measuring circuit design. However, if the 
spacing is too close, the sensor will tend 
to accumulate particles such as ion ex-
change resin fines or corrosion products. 
These can short out the sensor, cause 
erroneously high conductivity readings 
and require frequent sensor cleaning or 
replacement. 

Mettler-Toledo Thornton conductivity 
measuring circuits are designed to pro-
vide high accuracy measurements using 
a 0.1 cm –1 cell constant which has rela-
tively wide electrode spacing and does not 
accumulate particles. Some other instru-
mentation requires a 0.01 cm –1 constant 
sensor which has very close electrode 
spacing and will tend to accumulate 
particles between them.

Where is ORP or redox potential 
measurement appropriate?
Oxidation-reduction or redox potential is 
a non-specific measure of all oxidizing 
and reducing materials in a sample. 
Oxidizing agents include chlorine, oxy-
gen, peroxide, etc. Reducing agents 
include bisulfite, hydrazine and other 
reducing amines. ORP is used in makeup 
water dechlorination stages to monitor 
the presence of a slight excess of bisulfite 
and the absence of chlorine. It can pro-
vide a sensitive alarm for the 
breakthrough of traces of chlorine which 
would damage reverse osmosis mem-
branes or ion exchange resin.

ORP is also used in cycle chemistry 
monitoring with all-volatile treatment 
using a reducing agent. It can monitor the 
reducing conditions where hydrazine or 
other reducing amines are used to mini-
mize dissolved oxygen concentrations. It 
can warn of excessively reducing condi-
tions that could lead to dangerous 
flow-accelerated corrosion. 

What causes high, flow-sensitive 
dissolved oxygen measurements?
Dissolved oxygen samples at ppb levels are 
very vulnerable to trace leaks into the 
sample line. Although the line may be 
under pressure, a slightly loose compres-
sion fitting, rotameter gasket or valve 
packing can actually allow some air to 
diffuse through a thin water film and 
raise the dissolved oxygen content of the 
sample at ppb levels. The reading then 
also becomes flow-sensitive since a 
higher flowrate will dilute the leak and 
result in a lower reading. Care must be 
taken to assure that all fittings are air 
tight.

Does pH calculated from  
conductivity really work?

The pH of ammonia, amine or caustic 
treated cycle chemistry samples can be 
calculated very accurately from specific 
and cation conductivity measurements. 
The specific conductivity is dominated by 
the highly conductive hydroxide ion as-
sociated with caustic, ammonia and / or 
amines. The cation conductivity accounts 
for any trace contaminants in the sample. 
Since conductivity is very nearly linear 
with concentration, it has a very high 
resolution of measurement. pH on the 
other hand is logarithmic with concentra-
tion which gives reduced resolution. 

In addition, the reference diaphragm or 
junction potential of a pH electrode has at 
least ± 0.1 pH uncertainty. Therefore, the 
calculated pH is typically more accurate 
on cycle chemistry samples, as long as the 
pH is greater than 7.5 and the specific 
conductivity is at least 4 times the cation 
conductivity. As a backup in case of upset 
if the pH goes below 7.5, an electrode pH 
measurement is still highly recommended. 
 
Find out how Thornton systems can im-
prove your in-line analysis, at:

 www.mt.com/pro-power
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The new-look METTLER TOLEDO Process 
Analytics website contains a vast amount of 
up-to-date information on all our products and 
services. 

Content is localized for your country and tailored 
to suit your selections. 

Simple layout allows you to quickly find the in-
formation and features you are looking for.

j	Learn about our most recent product 
developments

j	Register for free webinars

j	Request further information on products and 
services

j	Obtain a quote quickly and easily

j	Download our latest white papers

j	Read case studies relevant to your industry

j	Access buffer and electrolyte solution 
certificates

j	and more ...

The home page has been designed to 

get you quickly to the products and 

news you are interested in
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The Information you Want 
is at www.mt.com/pro

Product pages provide a product over-

view and quick access to all important 

details and documentation

j	Read the latest product 

news 

j	Access our newsletter 

archive

j	Find out when our next 

trade show or exhibi-

tion is in your area

j	Register for free webi-

nars presented by our 

industry experts

j	Download our white 

papers

Application pages help guide you to the 

products that are right for your processes
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THORNTON solution
 
Mettler-Toledo Thornton is the mar-
ket leader in critical ultrapure and 
pure water analytics.

Our 770MAX instrument is a multi-
parameter meter with a broad range 
of measurement sensor options.

The in-line 5000TOC rapidly detects 
organic contamination in real time.

As well as TOC, THORNTON produc-
es sensors for monitoring pH / ORP, 
DO2 / DO3, conductivity, flow and 
pressure. 

j 770MAX multi-parameter 
transmitter

j 5000TOC sensor for continuous  
Total Organic Carbon measure-
ments

j pH for ultrapure water applica-
tions

j 2-electrode and 4-electrode 
conductivity sensors

One Transmitter for Multiple Parameters
for TOC, pH, Conductivity, DO …

Wide range of instruments for your processes …

Smart

Flow

DO2 / DO3

pH / ORP
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Wide range of instruments for your processes …

Sm
ar

t

Smart

Sm
art

TOC

Conductivity

Pressure / Tank level
Transmitter 770MAX

THORNTON benefits

j All-in-one supplier with sensors 
for all your pure water analytics  
needs

j Multi-parameter transmitter 
capabilities saves panel space 
and lowers costs per parameter 

j 5000TOC allows a real-time TOC 
measurement, in-line, all the 
time 

j No gases or reagents to handle, 
store or replace for TOC sensor; 
absence of moving parts mini-
mizes routine maintenance

j Smart Sensor technology offers 
“’Plug and Measure” communi-
cation from sensor to transmitter

j Sterilizable sensors designed for 
exceptionally long lifetime



Visit for more information
www.mt.com/pro

Reliable, Accurate Cation
Conductivity Measurement
Detecting contaminants that cause corrosion and deposits in 
power plants depends on reliable cycle chemistry measure-
ments. Most important of these measurements is cation 
conductivity. Because the sample first passes through a cation 
exchanger, dependability of this application requires a unique 
temperature compensation to correct for process temperature 
swings at the sample panel. 

Mettler-Toledo Thornton cation conductivity temperature com-
pensation has been shown to be vastly more accurate than 
most other instrumentation. It compensates the measured 
conductivity back to the industry standard and allows true 
comparison against EPRI and VGB guidelines as well as turbine 
manufacturer warranty specifications.  

 www.mt.com/cond
 www.mt.com/pro-power
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