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I. Executive Summary 

In 2012 and 2013, the US General Services Administration (GSA) and Oak Ridge National Laboratory conducted 
an evaluation of a novel nonchemical water treatment (NCWT) system at the Frank E. Moss US Courthouse in 
Salt Lake City, Utah.  This system purports to use a proprietary metalƭƛŎ Ŏŀǘŀƭȅǎǘ ǘƻ ŎƘŀƴƎŜ ǘƘŜ ǿŀǘŜǊΩǎ ŎƘŜƳƛǎǘǊȅ 
such that hard calcite does not form on surfaces that are in contact with the water. 

The catalyst-based NCWT system was installed on an electric domestic water heater in the courthouse.1  This 
water heater had been experiencing severe calcite buildup on the heating elements.  The calcite buildup 
impeded heat transfer from the heating elements into the domestic water, leading to the thermostat being set 
excessively high in an attempt to maintain the water temperature.  This caused excess heat to build up on the 
elements, resulting in their premature failure which required frequent replacement.  The buildup also required 
the elements to stay energized constantly to produce enough heat to maintain temperature in the domestic hot 
water system. 

After installing the catalyst-based NCWT system, calcite buildup was dramatically reduced and failure of the 
elements ceased. Labor and material savings from not having to replace the elements ($1,060/year) allow for 
less than a two-year simple payback when compared to the installed cost of the system ($1,692) plus minimal 
annual maintenance ($100/year). The catalyst-based NCWT system should be considered for deployment in any 
heating system that is subject to calcification, including hydronic heating systems and boilers, condensing 
boilers, gas water heaters, and electric water heaters. 

Had the catalyst-based NCWT technology not been installed on the water heater, a conventional salt-based 
calcite prevention system would have provided the same prevention of calcite buildup.  The budget installed 
cost of such a system would have been $3,200 plus $350/year in chemicals and $1,500/year labor to service the 
chemicals.  Comparing the conventional to the catalyst-based system, the latter has both a lower installed cost 
and annual operating cost. 

The original teǎǘ Ǉƭŀƴ ǿŀǎ ǘƻ ƛƴǎǘŀƭƭ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ ƻƴ ōƻǘƘ ǘƘŜ ŘƻƳŜǎǘƛŎ ǿŀǘŜǊ ƘŜŀǘƛƴƎ ǎȅǎǘŜƳ ŀƴŘ ƻƴ ǘƘŜ ǎƛǘŜΩǎ 
cooling tower, which had faced calcite issues in its history. This tower has had a calcite buildup problem that is 
currently being addressed with a salt-based ǘǊŜŀǘƳŜƴǘ ǎȅǎǘŜƳΦ  ¢ƘŜ ǇǊƻƧŜŎǘΩǎ ǘƛƳŜƭƛƴŜ ŘƛŘ ƴƻǘ ŀƭƭƻǿ ŦƻǊ ƛƴǎǘŀƭƭƛƴƎ 
a system and testing it on the tower during the initial phase of this project in 2012 and 2013.  

A preliminary economic analysis was performed to estimate the installed cost and potential savings on the 
cooling tower.  LŦ ƛƴǎǘŀƭƭŜŘ ƻƴ ǘƘŜ ǎƛǘŜΩǎ ŎƻƻƭƛƴƎ ǘƻǿŜǊΣ ǘhe installed cost of the catalyst-based system would be 
more expensive than the salt-based system ($32,380 vs. $2,700 for the salt-based).  However, the salt-based 
system requires $900/year in chemicals and $3,900/year in labor, neither of which is needed by the catalyst-
based system.  This would give a simple payback of less than seven years using the technology on a cooling 
tower. 

Background  
Nearly all GSA facilities have water systems that could potentially require treatment in some capacity.  There 
are two issues that commonly present themselves in water systems.  First is the buildup of calcite on 
surfaces where heat is transferred into the water, or where water evaporates into air.  Examples of the 
former include heating elements in domestic water heaters or heating surfaces in hydronic heating systems 

                                                 
1
 A catalyst-based NCWT device was also installed on the natural gas water heater.  However, the focus of this study was 
ǘƘŜ ŘŜǾƛŎŜΩǎ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ŜƭŜŎǘǊƛŎ ǿŀǘŜǊ ƘŜŀǘŜǊ ŀƴŘ ƛǘǎ ŎŀƭŎƛŦƛŎŀtion issues. 
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and boilers.  Examples of the latter include cooling towers, evaporative cooling HVAC systems, or 
showerheads and faucets in bathrooms. 

There are many technologies which mitigate the buildup of calcite in these conditions.  Nearly all of these 
systems use some sort of chemical additive that prevents the calcite molecule from bonding to the surface.  
While effective at reducing calcite, these systems require regular maintenance and addition of chemicals to 
maintain their ability to prevent calcite buildup.   

Other systems that are effective include pumping the water through an ultrafine membrane that captures 
calcite particles and prevents them from plating.  These systems are commonly known as άreverse osmosisέ 
(RO) systems.  While there are no chemicals associated with RO systems, they consume substantial amounts 
of energy in their pumping process. 

Because of the challenges associated with both the chemical-based water treatment systems and the RO 
systems, GSA and other owners of large numbers of buildings have been very aggressive at pursuing 
alternative water treatment systems.  Because of this demand, many vendors have developed alternative 
systems, with varying degrees of effectiveness.  The goal of GSA in conducting these Green Proving Ground 
evaluations is to determine, in a field environment with third-party subject matter experts, the effectiveness 
of these systems. 

The second issue presented by water systems, especially those that serve a cooling tower, is the growth of 
moss and other biologicals.  While there are many systems which purport to address the growth of 
biologicals, they are separate from those which address calcification.  The evaluation conducted on this 
technology looked only at calcite buildup in a domestic water heating system.  There was no attempt to 
evaluate its effect on the buildup of biologicals, especially since the technology was not tested on a cooling 
tower where biologicals are a major issue.  Though the vendor claims that the technology allows for a 
reduction in the quantity of anti-biological chemicals in cooling towers, this claim was not tested in the 
domestic water heating application. Therefore, there will be no further discussions of biological mitigation in 
this report. 

Overview of the Technology 
The technology being evaluated in this project does not add chemicals to the water system, nor does it use 
ultrafine membranes to filter calcite molecules from the water.  Instead, it uses a proprietary catalyst to 
reduce calcite formation. 

hƴ ŀ ǾŜǊȅ ǎƛƳǇƭƛŦƛŜŘ ƭŜǾŜƭΣ ǘƘŜ ŘŜǾƛŎŜΩǎ ŜȄǘŜǊƛƻǊ ƭƻƻƪǎ ƭƛƪŜ ŀ ǎŜŎǘƛƻƴ ƻŦ ǇƛǇŜ ǘƘŀǘ Ƙŀǎ ōŜŜƴ ǇŀƛƴǘŜŘ ōƭǳŜΣ ŀƴŘ ƛǘ 
is inserted directly into the pipe that carries the water to be treated.  Water flows through the pipe and over 
the catalytic insert, which causes the calcium and carbon in the water to form aragonite rather than calcite.  
Aragonite is chemically very similar to calcite, but it stays suspended in the water and flushes through to the 
drain rather than plating on heat transfer surfaces like calcite.  Aragonite is an inert substance and requires 
no special treatment systems as it passes through the system. 

Figure ES-1 shows photographǎ ƻŦ ǘƘŜ ŘŜǾƛŎŜΩǎ ŎƻƳǇƻƴŜƴǘǎΦ  The image on the left shows what the exterior 
looks like.  The image on the right shows the helical insert made out of the catalytic alloy.  (Photo images 
ǿŜǊŜ ŎƻǇƛŜŘ ŦǊƻƳ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǿŜōǎƛǘŜΦύ 
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Figure ES-1.  Novel Nonchemical Water Treatment System.  No external energy sources  
are required to operate this device.  Periodic maintenance issues that must be addressed are  

also minimal.  Once installed, the system operates as a stand-alone device.  The vendor reports  
that the system has a service life of 15ς20 years. 

Study Design and Objectives 
This study looked directly at calcite that was forming on the heating elements of the electric domestic water 
heater at the courthouseΦ  aŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ ǘŀƪŜƴ ŘǳǊƛƴƎ ŀ άōŜŦƻǊŜέ ǇŜǊƛƻŘΣ ǿƘŜƴ ƴƻ ǿŀǘŜǊ ǘǊŜŀǘƳŜƴǘ 
was being done on the water.  After a three-month period with no water treatment, the catalyst-based 
NCWT system was installed, and the test was repeated to see whether there was a change in the amount of 
calcite being built up on the elements.  The effectiveness of the device would be evaluated by looking at any 
change in the calcite buildup. Table ES-1 shows performance objectives 

Table ES-1.  Performance Objectives  

Quantitative 
Objectives 

Metrics and Data 
Requirements 

Success Criteria 
Measurement and 

Verification 
Results 

Best-Case 
Deployment Scenario 

Reduced calcite 
buildup on heating 
elements 

Visual observation of 
elements as they are 
removed from the tank 
and compared to 
elements that were 
operated without the 
technology in place. 

If successful, the 
elements operated 
with the 
technology in place 
will have little or 
no calcite buildup 
on them. 

Elements did, in 
fact, show greatly 
reduced calcite 
buildup when the 
technology was 
deployed.  

A facility that is 
experiencing problems 
due to calcite buildup 
on hydronic heating 
elements would benefit 
from this technology. 
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Table ES-1 (continued) 

Quantitative 
Objectives 

Metrics and Data 
Requirements 

Success Criteria 
Measurement and 

Verification 
Results 

Best-Case 
Deployment Scenario 

Reduced costs Installation and 
operating costs 
associated with the 
technology will be 
evaluated and 
compared to both the 
ǎƛǘŜΩǎ ŎǳǊǊŜƴǘ ǇǊŀŎǘƛŎŜ 
of replacing elements 
periodically, and the 
incumbent technology 
of a salt-based water 
treatment system. 

If successful, the 
life cycle cost of 
the technology will 
be lower than 
current practice or 
the incumbent 
technology. 

The life cycle cost 
did, in fact, prove 
lower than both 
alternatives. 

 

Qualitative Objectives  

Ease of Installation Feedback from 
maintenance personnel 
during installation. 

No major problems 
reported during 
installation. 

Feedback was 
positive from 
personnel. 

 

Ease of use Maintenance logs 
during operation. 

No problems 
reported during 
use. 

Customer has 
reported positive 
experiences with 
the technology. 

 

To support this test, instrumentation was ƛƴǎǘŀƭƭŜŘ ǿƘƛŎƘ ƳŜŀǎǳǊŜŘ ǿŀǘŜǊ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴǎƛŘŜ ǘƘŜ ǎȅǎǘŜƳΩǎ 
tank, electric current to the heating elements, and flow rates of water inside the hot water system. 

Project Results/Findings 
The catalyst-based NCWT system showed itself to be effective at dramatically reducing calcite buildup in the 
system.  Buildup on the elements was significantly less when the system was installed, and no heating 
elements failed with the technology installed. 

The evaluation team had the opportunity to visit the site 18 months after the technology was installed.  
There continued to be very little buildup of calcite on the elements.  There was some minor collection of 
calcite in the bottom of the water tank, but nothing that impeded the flow of heat energy into the water. 

Tables ES-2 and ES-3 compare the economics of the NCWT system and a conventional salt-based water 
treatment system.  
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Table ES-2.  Retrofit Economic Assessment   

Cost Elements  
to  

Compare 

Baseline 
Salt-Based Water 
Treatment System 

Test-Bed Installation 
Catalyst-Based Water 

Treatment System 

Equipment Cost
2
 $0 $1,192 

Installation
3
 $0 $500 

Maintenance Labor $1,500/yr $100/yr 

Maintenance Material $350/yr $0/yr 

Simple Payback N/A <1 year 

Savings-to-Investment 
Ratio 

N/A 1.0
4
 

Table ES-3.  End of Life Economic Assessment   

Cost Elements  
to  

Compare 

Baseline 
Salt-Based Water 
Treatment System 

Test-Bed Installation 
Catalyst-Based Water 

Treatment System 

Equipment Cost $2,600 $1,192 

Installation $600 $500 

Maintenance Labor $1,500/yr $100/yr 

Maintenance Material $350/yr $0/yr 

Simple Payback N/A Immediate 

Savings-to-Investment 
Ratio 

N/A N/A
5
 

  

                                                 
2
 Baseline equipment cost is based on the premise that there is an existing salt-based water treatment system at the site 
ŀƴŘ ǘƘŜǊŜŦƻǊŜ ǘƘŜǊŜ ƛǎ ƴƻ ƴŜǿ άŜǉǳƛǇƳŜƴǘ ŎƻǎǘΦέ 
3
 The same premise holds as with the baseline equipment cost.  Therefore, there is no installation cost in this scenario. 

4
 Savings-to-investment ratio (SIR) is based upon one year of saving compared to the cost of a new installation. 

5
 The installed cost of the catalyst-ōŀǎŜŘ ǘŜŎƘƴƻƭƻƎȅ ƛǎ ƭŜǎǎ ǘƘŀƴ ǘƘŜ ōŀǎŜƭƛƴŜ ǘŜŎƘƴƻƭƻƎȅΦ  ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ƴŜǘ άƛƴǾŜǎǘƳŜƴǘέ ƛǎ 

less than zero and an SIR cannot be calculated. 
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II. Introduction 

A. Problem Statement 

The US General Services Administration (GSA) is a leader among federal agencies in aggressively pursuing 
energy efficiency opportunities for its facilities and installing renewable energy systems to provide heating, 
cooling, and power to those facilities. The GSA Public Buildings Service has jurisdiction, custody, and control 
over more than 9,600 assets and is responsible for managing an inventory of diverse federal buildings 
totaling more than 354 million ft2 of building stock. This includes about 400 buildings listed in or eligible for 
listing in the National Register of Historic Places and more than 800 buildings that are over 50 years old. GSA 
has an abiding interest in examining the technical performance and cost-effectiveness of different energy-
efficient technologies in its existing building portfolio as well as in those buildings currently proposed for 
construction.  

Many GSA buildings include boilers, chillers, cooling towers, domestic water heaters, and other systems 
impacted by the condition of water at the site.  If the water is used in a cooling tower, or other equipment 
where it comes in contact with ambient air, fungus and moss can grow in the water.  If allowed to grow 
unchecked, these growths (known ŀǎ άōƛƻƭƻƎƛŎŀƭǎέ ƛƴ ǘƘŜ ƛƴŘǳǎǘǊȅύ Ŏŀƴ ŎƭƻƎ ŦƛƭǘŜǊǎΣ ƛƳǇŜŘŜ ŀƛǊŦƭƻǿǎ ŀŎǊƻǎǎ 
ǘƘŜ ǘƻǿŜǊΣ ŀƴŘ ƎǊŜŀǘƭȅ ŘŜƎǊŀŘŜ ǘƘŜ ŎƻƻƭƛƴƎ ǘƻǿŜǊΩǎ ǇŜǊŦƻǊƳŀƴŎŜΦ  ¢ƘŜǊŜ ŀǊŜ ƴǳƳŜǊƻǳǎ ŎƻƳǇŀƴies that make 
systems which purport to remove biologicals from these water systems.  Many of these systems involve 
ŀŘŘƛƴƎ ŎƘŜƳƛŎŀƭǎ ǘƻ ǘƘŜ ǘƻǿŜǊΩǎ ǿŀǘŜǊ ǎȅǎǘŜƳΦ 

Another issue that Ŏŀƴ ƛƳǇŀŎǘ ŀ ŦŀŎƛƭƛǘȅΩǎ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ƛǎ high levels of calcium in the local water supply.  The 
calcium combines with other chemicals in the water to form calcite, a hard substance which coats heat 
transfer surfaces of equipment.  This coating can greatly reduce the efficiency of equipment and 
dramatically increase energy and water usage.  If left untreated, the calcium coating can impede heat flow 
to the point where boiler tubes and heating elements get too hot and fail.  This leads to further costs to 
replace equipment and account for lost productivity due to failed equipment.   

Such being the case, there is an abundance of commercial systems that purport to reduce calcium buildup 
within commercial water systems.  Most of the early water treatment systems relied upon adding chemicals 
ǘƻ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ǿŀǘŜǊ ǎȅǎǘŜƳΦ  ¢ƘŜǎŜ ŎƘŜƳƛŎŀƭs would react with calcium in some fashion to prevent the 
buildup of calcite.   

It should be noted that while these chemical-based water treatment systems were generally effective at 
preventing calcite buildup, they present several unique challenges.  First, the building owner has the added 
ongoing expense of purchasing chemicals to add to the water.  Second, the added chemicals frequently 
caused issues with the wastewater disposal.  Third, there are increased maintenance time and expense for 
upkeep and deployment of chemicals by staff.  

With this being the case with chemical-based water treatment systems, identifying appropriate alternative 
water treatments systems has been a high priority for federal agencies and commercial entities. Based on 
the sheer size of the federal building portfolio, there is a huge opportunity for potential savings in chemical 
costs, energy costs, and waste treatment expenses. 

B. Opportunity 

The current field of nonchemical water treatment (NCWT) technologies can be subdivided into two main 
categories. 
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The first category uses electromagnetic energy in some form to alter the scaling behavior of the calcium 
carbonate and other chemicals that are native in the water system.  By altering the scaling behavior, the 
ǊŜŀŎǘƛƻƴǎ ǘƘŀǘ ǇǊƻŘǳŎŜ ŎŀƭŎƛǘŜ ǇƭŀǘƛƴƎ ƻƴ ǎǳǊŦŀŎŜǎ ŘƻƴΩǘ ƘŀǇǇŜƴΦ  ±ŀǊƛƻǳǎ ƳŀƴǳŦŀŎǘǳǊŜǊǎ ŎƭŀƛƳ ǘƘŀǘ ŎŀƭŎƛǘŜ 
ǎǘŀȅǎ ƛƴ ǎƻƭǳǘƛƻƴ ŀƴŘ ŘƻŜǎƴΩǘ ǇƭŀǘŜΣ ƻǊ ǘƘŀǘ ŀ ŘƛŦŦŜǊŜƴǘ ƴƻƴ-plating compound is produced.  The common 
theme in all these systems is that electricity is required to produce the electromagnetic energy that is 
introduced into the water, therefore increasing energy consumption. 

The second category of NCWT technologies uses extremely fine filter elements to trap calcium and other 
ƛƳǇǳǊƛǘƛŜǎ ǎƻ ǘƘŀǘ ǘƘŜȅ ŎŀƴΩǘ ǇƭŀǘŜ ƻƴǘƻ ǎǳǊŦŀŎŜǎ ƻŦ ōǳƛƭŘƛƴƎ ƘŜŀǘ ǘǊŀƴǎŦŜǊ ŜǉǳƛǇƳŜƴǘΦ  wŜǾŜǊǎŜ ƻǎƳƻǎƛǎ 
ǿŀǘŜǊ ǘǊŜŀǘƳŜƴǘ ǎȅǎǘŜƳǎΣ ŀΦƪΦŀΦ άwh {ȅǎǘŜƳǎ,έ ŀǊŜ ŀ ŎƻƳƳƻƴ ŜȄŀƳǇƭŜ ƻŦ ǘƘƛǎ ŎŀǘŜƎƻǊȅΦ  {ȅǎǘŜƳǎ ǎǳŎƘ ŀǎ ǘƘƛǎ 
tend to produce extremely pure water that does not have the chemicals which create the calcite buildup.  
However, these types of systems require substantial auxiliary pumping systems to push water through the 
extremely fine filter elements.  The auxiliary pumps can consume a significant amount of electrical energy.  
Also, the building manager must account for the periodic cost of replacing the filter elements, which can be 
expensive. wh ǎȅǎǘŜƳǎ ŀƭǎƻ ƭƻǎŜ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ср҈ ƻŦ ǿŀǘŜǊ ǘƘŀǘ ŘƻŜǎƴΩǘ Ǉŀǎǎ ǘƘǊƻǳƎƘ ǘƘŜ ƳŜƳōǊŀƴŜ ŀƴŘ 
is flushed down the drain as a result.  RO systems can produce extremely pure water, but it is a very 
expensive way to treat water for hardness alone. 

The catalyst-based NCWT system described in this report does not fall into either one of these categories.  It 
does not require any external source of electrical power.  It also does not use any sort of ultrafine filter 
element with the associated need to be periodically replaced and without the loss of flushed water from the 
RO membrane. 

On a very simplified level, the ŘŜǾƛŎŜΩǎ ŜȄǘŜǊƛƻǊ ƭƻƻƪǎ ƭƛƪŜ ŀ ǎŜŎǘƛƻƴ ƻŦ ǇƛǇŜ ǘƘŀǘ Ƙŀǎ ōŜŜƴ ǇŀƛƴǘŜŘ ōƭǳŜΣ ŀƴŘ ƛǘ 
is inserted directly into the pipe which carries the water which is to be treated.  Water flows through the 
pipe and over the catalytic insert, which causes the calcium and carbon in the water to form aragonite 
rather than calcite.  Aragonite is chemically very similar to calcite, but it stays suspended in the water and 
flushes through to the drain, rather than plating on heat transfer surfaces like calcite.  Aragonite is an inert 
substance and requires no special treatment systems as it passes through the system. 

No external energy sources are required to operate this device.  There are also minimal periodic 
maintenance issues which must be addressed.  Once installed, the system operates as a stand-alone device. 

A more detailed description of this technology and its operation is in the following section. 

III. Methodology 

A. Technology Description 

tƘȅǎƛŎŀƭƭȅΣ ŦǊƻƳ ǘƘŜ ƻǳǘǎƛŘŜ ǘƘƛǎ ŘŜǾƛŎŜ ƭƻƻƪǎ ƭƛƪŜ ŀ ƭŜƴƎǘƘ ƻŦ ǇƛǇŜ ǘƘŀǘΩǎ ōŜŜƴ ǇŀƛƴǘŜŘ blue.  The device 
installed at the Salt Lake City facility was about two feet long and one inch in diameter, with male NPT 
threads on both ends.  (Sizes of the unit vary widely based upon the flow rate of water to be treated.)  The 
device is designed to be installed directly into pipe which is carrying water that needs to be treated. 

Inside the pipe is a fixed, immobile helical insert that is made from a proprietary catalytic alloy.  As water 
passes through the pipe, the helical shape causes significant turbulence, which in turn allows water 
molecules and their associated chemicals to brush against the catalytic insert.  According to the 
manufacturer, as water enters the pipe it impacts with the turbulator on the front end of the alloy.  This 
turbulation causes calcium carbonate to form from the calcium and carbon in the source water.  As this 
calcium carbonate forms and comes in direct contact with the alloy, the properties of the alloy cause it to 
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form in its Aragonite state, which is a state of calcium carbonate which lacks the properties to adhere to any 
surfaces.  As the water leaves the pipe it is saturated with Aragonite crystals of calcium carbonate, thereby 
eliminating the possibility of scaling in the system after treatment. 

Figure 1 shows photographǎ ƻŦ ǘƘŜ ŘŜǾƛŎŜΩǎ ŎƻƳǇƻƴŜƴǘǎΦ  ¢ƘŜ ƛƳŀƎŜ ƻƴ ǘƘŜ ƭŜŦǘ ǎƘƻǿǎ ǿƘŀǘ ǘƘŜ ŜȄǘŜǊƛƻǊ 
looks like.  The image on the right shows the helical insert made out of the catalytic alloy.  (Photo images 
ǿŜǊŜ ŎƻǇƛŜŘ ŦǊƻƳ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǿŜōǎƛǘŜΦύ 

   

Figure 1.  Novel Nonchemical Water Treatment System.  No external energy sources  
are required to operate this device.  Periodic maintenance issues that must be addressed are  

also minimal.  Once installed, the system operates as a stand-alone device.  The vendor reports  
that the system has a service life of 15ς20 years. 

No electrical energy is required by this technology.  No chemicals are required to be added periodically.  The 
manufacturer claims a 15+ year life span for the device.  During this life span, the only costs associated 
specifically with the device is its initial purchase and installation, plus a small bi-annual cost to clean a 
storage tank if it is not already equipped with a continuous drain.  A building owner may elect to periodically 
test their water quality, which is good management practice.  However, this is a cost that would be 
associated with any water treatment system and is not specific to this technology.  

Catalyst-based NCWT is a proprietary technology.  Only one manufacturer currently produces it.6  The 
technology was developed in the United Kingdom and has been commercially available in Europe and Asia 
since 1973.  The technology was brought to the United States in 2010 and is gaining acceptance in various 
applications including food production, household uses, cooling towers, and hydronic heating systems.  
²ƛǘƘƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅΩǎ ¢ŜŎƘƴƻƭƻƎȅ wŜŀŘƛƴŜǎǎ [ŜǾŜƭǎ ό¢w[ǎύΣ ǘƘƛǎ ǘŜŎƘƴƻƭƻƎȅ 
would be considered one step ōŜȅƻƴŘ ¢w[фΦ  bƻǘ ƻƴƭȅ ƛǎ ƛǘ ά{ȅǎǘŜƳ tǊƻǾŜƴ ŀƴŘ wŜŀŘȅ ŦƻǊ Cǳƭƭ /ƻƳƳŜǊŎƛŀƭ 
Deployment,έ7 it is actually deployed on a commercial basis. 

The claimed benefits of the catalyst-based NCWT technology are as follows. 

                                                 
6
 Fluid Dynamics USA, LLC, 1855 Lockeway Drive, Suite 506, Alpharetta, GA 30004-5937 

7
 See DOE Advanced Manufacturing Office Home. 

http://www1.eere.energy.gov/manufacturing/financial/trls.html
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¶ It reduces or eliminates the buildup of calcite on heat transfer surfaces such as boiler tubes, 
domestic water heater heating elements, cooling towers, and chiller tubes. 

¶ It requires no maintenance after it is installed.  There is no filter element or similar component 
which needs periodic replacement. 

¶ No external energy is needed to operate the device.  No electricity is consumed during its operation. 

¶ There are no chemical additions which need to be periodically added like with a salt-based water 
treatment system. 

Currently, the GSA extensively uses water treatment systems, both chemical based and those that are 
nonchemical based, to combat scale buildup in their building water systems.   

The catalytic technology studied here delivers energy savings in two ways.  First, like with all effective water 
treatment systems, it reduces calcite scale buildup on heat transfer surfaces.  Calcite acts as an insulating 
surface that prevents heat from moving in ways that it is supposed to move.  For example, calcite on the 
heating element of an electric domestic water heater would impede heat energy from transferring to the 
water.  This causes extra electrical energy to be needed by the element to raise the water temperature to 
the same desired setpoint.  It also will cause heat energy to concentrate on the element, which will raise its 
temperature and eventually lead to premature element failure. 

The second way that the catalyst-based NCWT technology saves energy is by not requiring any energy to 
operate.  All other NCWT systems use some form of electrical energy to do what they do; either to operate 
ǘƘŜ ǎȅǎǘŜƳΩǎ ŎƻƴǘǊƻƭǎ ƻǊ ǘƻ ǇǊƻŘǳŎŜ ǘƘŜ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ǘƘŀǘ ǊŜŘǳŎŜǎ ŎŀƭŎƛǘŜΦ  ¢ƘŜ Ŏŀǘŀƭȅǎǘ-based 
system requires no external energy source. 

The catalyst-based NCWT system reduces water consumption relative to chemical-based water treatment 
systems.  Because the catalyst-ōŀǎŜŘ ǎȅǎǘŜƳ ŀŘŘǎ ƴƻ ŎƘŜƳƛŎŀƭǎ ǘƻ ǘƘŜ ǎƛǘŜΩǎ ǿŀǘŜǊ ǎȅǎǘŜƳΣ ǘƘŜǊŜ ƛǎ ƴƻ ƴŜŜŘ 
ŦƻǊ ŜȄǘǊŀ άŦƭǳǎƘƛƴƎέ ƻŦ ŎƘŜƳƛŎŀƭ-laden water to the drain. 

In preparing for this field evaluation, Oak Ridge National Laboratory (ORNL) researchers read several case 
studies that were provided by the manufacturer. A ƭƛƴƪ ǘƻ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǿŜōǇŀƎŜ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ 
Appendix A. All case studies indicate the ability for the technology to reduce scale buildup in applications 
that were similar to the situation being faced in GSA facilities.  However, they were read in the context of 
having been provided by the manufacturer. 

There were no other federal installations with this technology with whom ORNL could collaborate. 

There ǿŜǊŜ ƴƻ ǎǇŜŎƛŀƭ άōŀǊǊƛŜǊǎέ presented when looking at this technology.  There is no special energy 
source that needs installed for the system to work.  Also, because there are no added chemicals related with 
this technology, there are no special waste permitting issues present. 

The technology is certified by the National Sanitation Foundation (NSF), which further reduces perceived 
barriers when it is installed on a potable water system. 

There is almost no risk associated with installation of this technology.  In an absolute worst-case scenario 
where the technology totally fails to mitigate the buildup of calcite in a system, the building owner simply 
has to switch to an existing and proven method of treating the ǿŀǘŜǊ ǎȅǎǘŜƳΦ  ¢ƘŜ άǇǊƻǾŜƴέ ǎȅǎǘŜƳ ǿƛƭƭ ƴƻǘ 
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have the claimed benefits purported by the catalyst-based NCWT system, but that is a small issue in that the 
άǇǊƻǾŜƴέ ǎȅǎǘŜƳ ǿƛƭƭ ŀŎǘǳŀƭƭȅ ǿƻǊƪ ǎƘƻǳƭŘ ǘƘŜ Ŏŀǘŀƭȅǎǘ-based system totally fail. 

B. Technical Objectives and Demonstration Project Locations   

The search for several possible sites focused on GSA facilities in Colorado and Utah.  These areas have a 
history of high calcium content in their groundwater supplies that presents challenges to facility operations.  
After looking at a number of facilities in Denver, Ogden, and Salt Lake City, the project team settled on the 
Frank E. Moss US Courthouse in Salt Lake City, Utah, as its site for evaluation.  This facilityΩǎ ǿŀǘŜǊ ǎǳǇǇƭȅ Ƙŀǎ 
a high calcium content which impacts its various water systems.  Specifically, there are issues of excess scale 
buildup on a relatively new ŜƭŜŎǘǊƛŎ ŘƻƳŜǎǘƛŎ ǿŀǘŜǊ ƘŜŀǘŜǊ ŀƴŘ ƻƴ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ŎƻƻƭƛƴƎ ǘƻǿŜǊΦ 

On the domestic water heater, calcium has been building up on the electric heating elements.  The calcium 
builds up so quickly and thickly that the elements were overheating and failing, often within two months of 
installing new elements.  At the time when the Green Proving Ground was looking for a test site, operating 
personnel at the courthouse had not yet implemented any sort of water treatment system for the water 
heater.  They were still replacing elements as they failed while seeking a permanent solution. 

The situation at the domestic water heater gave the project the opportunity to evaluate a system which 
heretƻŦƻǊŜ ƘŀŘ ƴƻ ŜŦŦŜŎǘƛǾŜ ǿŀǘŜǊ ǘǊŜŀǘƳŜƴǘΦ  ¢ƘŜ άōŜŦƻǊŜέ ŎƻƴŘƛǘƛƻƴ ŜǾŀƭǳŀǘƛƻƴ ǿƻǳƭŘ ƛƴŎƭǳŘŜ ƭƻƻƪƛƴƎ ŀǘ 
the amount of calcite buildup on the heating elements, the material and labor costs of replacing the 
elements so frequently, and the added energy costs of mŀƛƴǘŀƛƴƛƴƎ ǘƘŜ ǿŀǘŜǊ ǎȅǎǘŜƳΩǎ ǘŜƳǇŜǊŀǘǳǊŜ ǿƘƛƭŜ 
ǘƘŜ ŜƭŜƳŜƴǘǎ ǿŜǊŜ ŎƻŀǘŜŘ ǿƛǘƘ ŎŀƭŎƛǘŜΦ  ¢ƘŜ άŀŦǘŜǊέ ŎƻƴŘƛǘƛƻƴ ǿƻǳƭŘ ƭƻƻƪ ŀǘ ǘƘŜǎŜ ǎŀƳŜ ƛǘŜƳǎΣ ŀƴŘ ǎŜŜ Ƙƻǿ 
they might have changed with the addition of the catalyst-based water treatment system. 

As for the cooling tower, in 2012 calcite had built up on the fill material to the point where water and air 
flows were being impeded.  Site operations personnel had to thoroughly clean the calcite using chemical 
and physical means, including replacing some fill elements.  They then installed a salt-based water 
treatment system.  To date, the salt-based system has effectively controlled calcite buildup on the fill 
material. 

The evaluation plan on the cooling tower was to document the cost of installing the salt-based system, the 
ōǳƛƭŘǳǇ ƻŦ ŎŀƭŎƛǘŜ όƻǊ ƳƻǊŜ ŀŎŎǳǊŀǘŜƭȅ ǘƘŜ ƭŀŎƪ ƻŦ ŎŀƭŎƛǘŜ ŘǳŜ ǘƻ ǘƘŜ ǎȅǎǘŜƳΩǎ ŜŦŦŜŎǘƛǾŜƴŜǎǎύΣ ǘƘŜ Ŏƻǎǘ ƻŦ ƭŀōƻǊ 
to periodically re-fill the system with salt, the cost of energy to operate the system, the cost of extra water 
to flush the system, and the cost of chemicals itself.  ¢ƻ ŘƻŎǳƳŜƴǘ ǘƘŜ άŀŦǘŜǊέ ŎƻƴŘƛǘƛƻƴΣ ǘƘŜ ǇǊƻƧŜŎǘ ǿŀǎ ǘƻ 
look at the cost of installing the catalyst-based NCWT system, the level of calcite buildup, and the absence of 
cost for chemicals/labor/energy to operate the system.  ¢ƘŜ άōŜŦƻǊŜέ ŀƴŘ άŀŦǘŜǊέ ǎƛǘǳŀǘƛƻƴ ǿƻǳƭŘ ōŜ 
compared to determine the overall effectiveness of the catalyst-based NCWT system. 

IV. Measurement and Verification Evaluation Plan 

A. Facility Description 

As described above, the Frank E. Moss US Courthouse in Salt Lake City, Utah, provided two opportunities to 
test the new technology.  The electric domestic water heater had heretofore no effective water treatment 
system and was suffering significant issues due to calcite buildup on its heating elements.  The cooling tower 
had been experiencing ill effects from calcite buildup on the fill material, but these were being addressed by 
a salt-based water treatment system.  όbƻǘŜΥ  CƻǊ ǊŜŀǎƻƴǎ ŘŜǘŀƛƭŜŘ ƛƴ ǘƘŜ άwŜǎǳƭǘǎέ ǎŜŎǘƛƻƴΣ ǘƘŜ Ŏŀǘŀƭȅǎǘ-
based NCWT system was ultimately not tested on the cooling tower.  For that reason, the focus from here 
forward will be on the electric water heater.) 
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The electric domestic water heater had been suffering calcite buildup on the heating elements.  The calcite 
would build up, which would impede heat energy from transferring from the element to the water.  This 
caused the heating elements to stay energized much longer than they should have in order to maintain 
water temperatures in the tank, resulting in excess energy consumption.  The calcite buildup also caused the 
ŜƭŜƳŜƴǘǎΩ ǘŜƳǇŜǊŀǘǳǊŜ ǘƻ ǊƛǎŜ ǘƻ ǘƘŜ Ǉƻƛƴǘ ǿƘŜǊŜ ǘƘŜȅ ǿƻǳƭŘ Ŧŀƛƭ ƻƴ ŀ ǊŜƎǳƭŀǊ ōŀǎƛǎ ŀƴŘ ƴŜŜŘ ǊŜǇƭŀŎŜƳŜƴǘΦ   

Figure 2 is a photograph of the electric water heater where the test was conducted.  The insulated line on 
the right side is ǿƘŜǊŜ ǘƘŜ ǎȅǎǘŜƳΩǎ ŎƻƭŘ ŀƴŘ ǊŜŎƛǊŎǳƭŀǘƛƴƎ ǿŀǘŜǊ ŜƴǘŜǊǎ ǘƘŜ ǘŀƴƪΦ 

 

Figure 2.  Electric Water Heater Where Test Was Conducted. 

Figure 3 is a photograph of one of the heating elements that was removed.  Please note the extensive 
buildup of calcium, the warped shape due to overheating, and the burn-through near the base of the 
element that caused it to fail. 
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Figure 3.  One of the Heating Elements Removed from the Electric Water Heater. 

Figure 4 is another photo of a heating element taken at the moment it was removed from the tank.  Please 
note the thickness of the calcite coating.  It appears green in this photo due to it still being wet.  This buildup 
was caused after just two months of operation in the tank. 

 

Figure 4.  Heating Element Removed from the Electric Water Heater. 

Figure 5 shows all six heating elements, which were removed by site operations personnel during one of the 
repair sessions.  Three elements had failed, and all were severely coated with calcite. 
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Figure 5.  All Six Heating Elements Removed from the Electric Water Heater  
During a Repair Session.  

B. Technology Specification 

The catalyst-based NCWT system is a single technology.  In fact, it is a single piece of simple equipment that 
can best be described as looking like a length of pipe with a helical insert through the middle. 

¢ƘŜ ǎƛȊŜ ƻŦ ǘƘŜǎŜ άǇƛǇŜ ǎŜŎǘƛƻƴǎέ ǾŀǊies widely based upon the flow rate of the system being treated.  The 
smallest is three-eighths of an inch in diameter, which will treat 0.4 to 1.9 gpm.  It is targeted for an 
individual ice maker or small appliance.  The technology is available in larger standard sizes up to 12 in. 
nominal, which treats 2,200ς3,800 gpm.  On a custom basis, the vendor can produce units up to 72 in. in 
diameter. 

For the domestic water heater test site, a 1.25 in. device was initially selected based upon design flow data 
for the domestic hot water circulating pumps that were found in the original design documents.  Note:  
tƭŜŀǎŜ ǎŜŜ ǘƘŜ άwŜǎǳƭǘǎέ ǎŜŎǘƛƻƴ ŦƻǊ ŘŜǘŀƛƭǎ ŀōƻǳǘ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘƛǎ ǎŜƭŜŎǘƛƻƴΦ 

Installation of this technology is very straight forward.  A section of the cold water and recirculating line was 
removed, appropriate pipe fittings were installed, and the technology was installed just as any pipe spool 
piece would be installed.  Labor to install the device was only $500 (10 person-hours at $50/hr).  

Figure 6 shows the device in its final configuration.  It is the silver section of pipe on the right side of the 
black panel box.  This is the cold water inlet to the water heater tank. 
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Figure 6.  Final Configuration for the Nonchemical Water Treatment System (silver section of 
pipe on the cold water inlet to the water heater tank). 

C. Technology Deployment 

On the electric water heater, there was no incumbent technology being used at the time of this test.  The 
άōŜŦƻǊŜέ ŎƻƴŘƛǘƛƻƴ ǿŀǎ ǘƻ ŘƻŎǳƳŜƴǘ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ŎŀƭŎƛǘŜ ōǳƛƭŘǳǇ ǿƛǘƘƛƴ ǘƘŜ ǎȅǎǘŜƳ ŀƴŘ ƛǘǎ ŀǎǎociated costs.  
¢ƘŜ άŀŦǘŜǊέ ŎƻƴŘƛǘƛƻƴ ǿŀǎ ƭƻƻƪƛƴƎ ŀǘ ŀƴȅ ŎŀƭŎƛǘŜ ǊŜŘǳŎǘƛƻƴ ŀƴŘ ǘƘŜ Ŏƻǎǘ ƻŦ ƻǇŜǊŀǘƛƴƎ ǘƘŜ Ŏŀǘŀƭȅǎǘ-based 
NCWT system. 

D. Test Plan 

Due to the nature of the situation at the electric water heater, a qualitative evaluation was selected versus a 
qǳŀƴǘƛǘŀǘƛǾŜ ŜǾŀƭǳŀǘƛƻƴΦ  ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ƛǘŜƳǎ ǿŜǊŜ ǘǊŀŎƪŜŘ ƛƴ ǘƘŜ άōŜŦƻǊŜέ ŎƻƴŘƛǘƛƻƴ. 

1. Quantity of calcium that would build up on the elements while installed in the tank. 

2. Time between failure of the elements due to overheating from the calcite buildup. 

3. Labor and material costs associated with replacing the elements. 

4. Electricity consumed by the heating elements. 

The above items would be recorded for a three-month period from August to November 2012. 

In November the technology would be installed and the same items recorded for another three-month 
period. 
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There are no standard protocols (e.g., ASHRAE or NSF) for measuring the items in this study. 

Installation of the new technology would be performed by a plumbing contractor hired by GSA. 

In the event of heating element failure, replacement would be done by the building contract operations 
personnel.  All elements removed would be kept for evaluation by ORNL researchers. 

Electrical consumption would be measured by a current meter that was already in place.  GSA would 
download data and send it to ORNL. 

ORNL would have overall responsibility for conducting this test.  The primary investigator, Dan Howett, has 
extensive experience working with water treatment systems of various types while he worked in the private 
industrial sector prior to joining the laboratory. 

E. Instrumentation Plan 

Other than the electric current meter, there are no specific instruments associated with this test. 

Condition of the heating elements was to be documented with digital photographs. 

Labor to replace heating elements was to be documented with work orders. 

Labor to install the new technology was to be documented with the work order to the contractor. 

V. Results 

In August of 2012, new heating ŜƭŜƳŜƴǘǎ ǿŜǊŜ ƛƴǎǘŀƭƭŜŘ ƛƴ ǘƘŜ ǿŀǘŜǊ ƘŜŀǘŜǊ ǘƻ ōŜƎƛƴ ǘƘŜ άōŜŦƻǊŜέ ǇƘŀǎŜ ƻŦ ǘƘŜ 
technology evaluation.  At this time, the technology was not installed as the goal was to see, in a controlled 
fashion, how the heating elements would respond under the existing conditions of excessive calcification.  They 
were to remain in place until October when ORNL was to return to the site and the technology would be 
installed. 

Within six weeks of being installed, all three heating elements had failed.  Building operations personnel 
replaced the elements, documented their condition, and saved them for ORNL.  The mode of failure was the 
same in all three elements:  excess calcium buildup led to overheating and failure. 

The three new elements that were used to replace the three failed elements ƭŀǎǘŜŘ ǳƴǘƛƭ hwb[Ωǎ ǊŜǘǳǊƴ ǘǊƛǇ ƛƴ 
November.  The three elements were removed from the tank and all showed excess calcium, though no failure 
yet. 

The technology was installed and three new elements were installed in the tank to begin the άŀŦǘŜǊέ ǇŜǊƛƻŘ ƻŦ 
the evaluation.  This evaluation period was to run until February 2013, at which time the elements would be 
ǊŜƳƻǾŜŘ ŀƴŘ ŜǾŀƭǳŀǘŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅΩǎ ŜŦŦŜŎǘƛǾŜƴŜǎǎΦ 

In December 2012, the GSA building manager contacted ORNL to say that it appeared that all three elements 
had again failed and ask for further guidance on what to do.  After consultation with the project team, the 
elements were removed and their condition documented.  Figure 7 shows two of the three failed elements. 
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Figure 7.  Two of the Three Failed Heating Elements from December 2012. 

¢ƘŜ ŦŀƛƭǳǊŜ ƳƻŘŜ ǿŀǎ ǘƘŜ ǎŀƳŜ ŀǎ ŘǳǊƛƴƎ ǘƘŜ άōŜŦƻǊŜέ ǘŜǎǘΦ  9ȄŎŜǎǎ ŎŀƭŎƛǳƳ ōǳƛƭŘǳǇ ŎŀǳǎŜŘ ƻǾŜǊƘŜŀǘƛƴƎ ŀƴŘ 
premature failure of the elements. 

At this point in the test, it appeared that the technology was not working properly.  Several decisions were made 
which affected that test going forward. 

1. The team elected to not test the technology on the cooling tower.  The cooling tower calcite condition 
was being successfully mitigated by a salt-based water treatment system.  If the salt-based system were 
replaced by the catalyst-based NCWT system and calcium buildup was no longer mitigated, there was 
significant risk of damage to the tower fill or damage to the chiller condenser tubes.  Because of this risk, 
the cooling tower test was removed from the technology evaluation. 

2. If the technology were eventually to prove itself effective on the water heater, ORNL would conduct a 
άƘȅǇƻǘƘŜǘƛŎŀƭέ ŜŎƻƴƻƳƛŎ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ Ŏƻǎǘ ŀƴŘ ǎŀǾƛƴƎǎ ƻŦ ǳǎƛƴƎ ǘƘŜ Ŏŀtalyst-based NCWT system on 
the cooling tower.  This would meet the goal of looking at the potential economics of using the 
technology on a cooling tower but without putting the current tower at risk.  It should be noted that 
even if the device proved effective on the water heater, there would not be sufficient time to run a risk-
free test on the cooling tower during the summer of 2014. 

3. The vendor was consulted and given an opportunity to evaluate all findings to date and asked to provide 
input as to what might be causing the technology to not work as promised.  This was done so that the 
project team would have the opportunity to learn whether there was a parameter that the technology 
needed for proper operation that was not currently being met.  If that parameter could be learned, and 



 

Catalyst-Based Nonchemical Water Treatment System Page 17 

then adjusted to allow for proper operation, then this parameter could be documented in the final 
report for use by potential future users of the technology. 

Over the next several months, the situation was evaluated by GSA personnel, ORNL researchers, the technology 
ǾŜƴŘƻǊΣ ŀƴŘ ǘƘŜ ǿŀǘŜǊ ƘŜŀǘŜǊ ƳŀƴǳŦŀŎǘǳǊŜǊΦ  !ŘŘƛǘƛƻƴŀƭ Ŧƭƻǿ ƳŜǘŜǊǎ ǿŜǊŜ ƛƴǎǘŀƭƭŜŘ ƻƴ ǘƘŜ Ƙƻǘ ǿŀǘŜǊ ǎȅǎǘŜƳΩǎ 
recirculating line and makeup water line.  After compiling all data and expert advice, the following conclusions 
were reached about conditions with the water heater system. 

1. The flow rate in the recirculating line, where the catalyst-based NCWT system was installed, was actually 
6ς11 gpm, not the 20 gpm indicated in the design documents.  The lowest effective flow rate of the 
1.25 in. device was 20 gpm.  The manufacturer indicated that having the device properly sized to match 
the flow rate is critical to proper performance.  For this reason, a 0.75 in. device, with flow rates of 6ς
12 gpm, was recommended for the next round of testing. 

2. The water heater vendor noticed that the electric heating elements being used by the building operation 
team were actually designed for residential use.  They were not built as robustly as for a commercial 
unit.  For the next round of testing elements for a commercial system would be used. 

3. During the period when ORNL and GSA were evaluating the situation, taking flow measurements, and 
developing a new course of action, building operations personnel, working without guidance from ORNL 
or the project technical team, modified the heater so that it used six heating elements instead of three 
like when it was originally shipped.  They believed that six elements might mitigate the ongoing 
calcification issue and reduce the element failure rate.  After learning about this action, the technical 
team evaluated the situation and determined that the six elements were still showing calcification and 
failure.  Thus, even though this was an unexpected twist in the project and it would have been preferred 
to not happen, it did not impact the overall findings of the report. 

On April 3, 2013, the team again convened at the courthouse to start a second round of testing that 
incorporated the above findings.  Because the project was beginning anŜǿ ǿƛǘƘ ŀ άōŜŦƻǊŜέ ǇŜǊƛƻŘΣ ǘƘŜ 
technology was removed from its location and a blank spool piece of pipe was put back in place.   

The six heating elements were all replaced with models that were designed for commercial service.  It should be 
noted that in January 2013, as soon as the water heater manufacturer noted the residential elements, building 
operations personnel installed commercial grade elements.  When these elements were evaluated during the 
April visit after three months of operational time, none of them had totally failed.  There was still substantial 
buildup of calcite on the elements, to a thickness that normally takes years to develop.  The elements also 
showed some signs of overheating and slight warpage.  These observations indicate that the elements still 
would have failed within a few months, but not within the frequency that the site had been experiencing. 

hƴ WǳƴŜ ммΣ нлмоΣ ǘƘŜ ǘŜŀƳ ŎƻƴǾŜƴŜŘ ƛƴ {ŀƭǘ [ŀƪŜ /ƛǘȅ ǘƻ ǊŜƳƻǾŜ ǘƘŜ ŜƭŜƳŜƴǘǎ ŦǊƻƳ ǘƘŜ άōŜŦƻǊŜέ ǇŜǊƛƻŘ ŀƴŘ ǘƻ 
install the 0.75 in. device where the previous 1.25 in. ŘŜǾƛŎŜ ƘŀŘ ōŜŜƴΦ  !ǘ ǘƘƛǎ Ǉƻƛƴǘ ǘƘŜ άŀŦǘŜǊέ ǇŜǊƛƻŘ ƻŦ ǘƘŜ 
test would begin. 

The heating elements that were removed all showed severe buildup of calcite, and this was after only two 
months of operation.  They also showed signs of overheating and bending, which are precursors of failure 
(Figure 8). 



 

Catalyst-Based Nonchemical Water Treatment System Page 18 

 

 

 

Figure 8.  Heating Elements Removed June 2013. 

Figure 9 shows the 0.75 in. device installed where the 1.25 in. device had been located. 
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Figure 9.  Electric Water Heater Showing the 0.75 in. Device (blue) Installed  
on the Cold Water Inlet Pipe. 

In early July 2013, site operations personnel observed that the temperature of the domestic water heating 
system had risen to almost 150°F.  At this point they felt that it was too hot for safe use in the facility, so on 
July 12 they adjusted the thermostat to its next lowest setting.  After checking the temperature trends of the 
system, personnel determined from the data that the temperature rise began at the same time that the catalyst-
based NCWT device had been installed (Figure 10).  It should be noted that the electric heating elements, in 
their efforts to maintain the temperature set point, remained energized 24 hours a day, even over weekends.  
This constant state of being energized was required because the elements were so caked with calcite, which was 
acting as an insulator and impeding heat energy from easily transferring from the element to the water. 


























