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ABSTRACT

NEW (Neutral Electrolyzed Water) is a unique, proprietary product that represents a
paradigm shift in the field of water treatment. NEW (Neutral Electrolyzed Water) disrupts
the organic matrix of mineral scales and other deposit constituents in water systems, as
can no other known chemical approved and certified by the NSF for potable water
applications. As a result the systems in which the NEW (Neutral Electrolyzed Water)-
treated water is used rapidly become cleaner and remain cleaner. This permits the
distribution and use of water far superior in quality to water treated in any conventional
way.

This report presents the core technology of NEW (Neutral Electrolyzed Water),
describes the modes of action of NEW (Neutral Electrolyzed Water), and presents the
results and evaluation of laboratory tests, field trials, and current NEW (Neutral
Electrolyzed Water) applications in various commercial, industrial, and health care
facilities, especially plants in the food processing and packaging industry and other
industries that support the food processing group.

INTRODUCTION

Until now there has not been a chemical treatment technology capable of taking full
advantage of both deposit removal and superior sanitization. NEW (Neutral Electrolyzed
Water) chemistry promotes rapid de-scaling and deposit removal, which dramatically
improves sanitization, which in turn inhibits the formation of new scales, deposits and
biofilm.

Nucleation

Nucleation is a key requirement for the crystallization of calcium carbonate and other
minerals from aqueous solution directly on piping and equipment surfaces, especially
those with heat transfer. The deposition of a solute such as calcium on a mineral scale
or other deposit substrate, including biofilm does not require as much energy as
deposition without the presence of a substrate or other foreign substance. Industrial,
commercial, and domestic and process water distribution systems, new and old, have
numerous sites where nucleation of calcium carbonate and other minerals can begin the
scale-formation process. Water in these systems, particularly evaporative cooling water
and other process waters near calcium carbonate saturation, also contains common
foreign substances such as dirt, sand, vegetation debris, other organic solids, and of
special note microorganisms, which are usually carried on particulates. Agitation of the
solvent (water) also aids nucleation by increasing the incidence of mineral precipitates’
contact with nucleation sites either in the water or on heat transfer and other surfaces.



Existing mineral scales cannot be sustained and new scales cannot form without
continuous nucleation. Clean, scale-free surfaces, which do not offer nucleation sites,
have a higher energy requirement, so if scales form they do so with much more difficulty
and they grow much more slowly.

This phenomenon of nucleation has been demonstrated many times in cooling water
systems. Field tests run with pre-cleaned heat exchange surfaces (without nucleation
sites) and scaled remote surfaces, such as cooling tower fill and supply and return
piping, showed that the tubes of the heat exchanger(s) would remain scale-free, while
the remote surfaces with numerous nucleation sites continued to accumulate heavier
scale deposits. When the surfaces of water distribution and cooling water systems have
a minimum number of nucleation sites, mineral precipitates utilize dirt, dust, rust, debris
and planktonic microorganisms in the water as the best available nucleation sites. In
water distribution systems, this means that mineral precipitates do not form on surfaces,
but rather remain suspended in the water, provided the water stream has sufficient
velocity. They are continuously flushed through and ultimately from the system and so
they do not contribute to deposit formation. In evaporative cooling systems, the mineral
precipitates either settle out harmlessly in basins, sumps or other low velocity areas of
the recirculating system or they remain suspended and are purged from the system by
blowdown and/or side-stream filtration.

Core Technology

The core technology of NEW (Neutral Electrolyzed Water) rests on a unique
electrochemical process for production of a superior liquid oxidant solution containing
HOCL (hypochlorous acid) at a near-neutral pH.

The unique activity of NEW (Neutral Electrolyzed Water) chemistry serves to prevent
nucleation on surfaces and to enhance nucleation on foreign particulates in one or more
of several ways:

. NEW (Neutral Electrolyzed Water) alters organic molecules, affecting the
|nteract|on between calcium and the modified organics.
. NEW (Neutral Electrolyzed Water) destabilizes organic coatings on

partlculates causing desorbtion of the organics, which reduces electrostatic barriers to
coagulation.

Sanitizers

All sanitizers, are meant to be used on “clean” surfaces, surfaces of any material that
are free of all foreign matter, organic and mineral, living, attenuated, dead, or inert. Even
microscopic amounts of dirt or product residue, etc. present on a surface to be sanitized
will harbor viable microorganisms, some of which may be potentially pathogenic.
Thoroughly cleaned surfaces routinely accumulate foreign matter from the atmosphere
rather easily and quickly. Recontamination with bacteria and other microorganisms
happens virtually simultaneously with this deposition. Unfortunately, the principal source
of bacterial contamination is frequently the rinse water itself. The rinse water, usually
potable-grade tap water containing viable bacteria despite chlorination, becomes further



contaminated with pathogenic organisms as it passes over complex organic-inorganic
deposits that are retained in water distribution systems in spite of heavy, continuous
chlorination and pH adjustment.

Potable water systems tend to develop biofilm, which consists of a matrix of organic
matter (polysaccharides, proteins, organic carbons, etc.), inorganics, waterborne debris,
sessile microorganisms and corrosion products adhering to metal, plastic, glass, wood,
and other surfaces. Water systems also tend to develop mineral scales and other types
of deposits. These mineral scale and organic deposit substrates vastly increase the
available surface area or number of nucleation sites offering purchase to sessile
microorganisms indigenous to water systems. Scale and deposits therefore accelerate
microbial activity. This microbial activity in the form of biofilm development, in turn,
increases the potential for mineral scale development and accumulation by providing an
organic matrix; effectively “cementing” mineral precipitates in place.

NEW (Neutral Electrolyzed Water) applications solve these integral deposit-sanitation
problems by preventing deposits and by making on-line mineral scale and deposit
removal fast, effective, practical, economical, non-corrosive, and non-hazardous. With
NEW (Neutral Electrolyzed Water) there are no toxic or corrosive cleaning solutions to
dispose of and there are no toxic or corrosive chemicals to purchase, transport,
inventory, or handle in connection with the cleaning-sanitizing process. With continuous
NEW (Neutral Electrolyzed Water) use, the treated water itself becomes a deposit
control solution, which keeps all surfaces that come into contact with the water cleaner.

Cleaning Techniques

There are many traditional alternatives to NEW (Neutral Electrolyzed Water)
applications. All are relatively expensive and time-consuming. Off-line cleaning is one
alternative, which usually means that equipment and even entire systems must be
removed from service for a period of time, so that the equipment, such as piping,
vessels, and heat exchangers can be opened for cleaning and inspection. Off-line
cleaning can be mechanical (turbining, drilling or brushing) or chemical (acids, bases,
solvents, detergents, chelants or dispersants). It can be either occasional or frequent,
planned or unscheduled.

On-line cleaning is a second alternative. It is often an effective, efficient and more
practical alternative to off-line chemical and mechanical cleaning methods. Effective on-
line cleaning can save time and labor and it can preclude a costly or even unfeasible
system or equipment shutdown.

Most chemicals react stoichiometrically with the mineral components of scale. For
example, a deposit analysis and an estimate of the weight of the scale or deposit to be
removed determine the amount of acid needed to completely dissolve the scale or
deposit. Polymers can remove scale on a sub-stoichiometric basis, but usually require
relatively long periods of time and ideal conditions to accomplish a thorough cleaning.

Another drawback to on-line chemical cleaning is the increased corrosion potential of the



chemical cleaning solutions. Draining, rising and neutralization of cleaning solutions are
necessary to prevent unacceptable corrosion, but rarely are they employed properly or
employed at all. In any case, these requirements add complexity, cost, and time to any
chemical cleaning procedure.

Cleaning, flushing, and neutralizing solutions are also considered hazardous liquid
waste, which must be disposed of according to federal and local regulations. This is
another cost and complication intrinsic with on-line and off-line chemical cleaning.

Mineral scale removal with NEW (Neutral Electrolyzed Water) is sub-stoichiometric.
This means that a relatively low concentration of NEW (Neutral Electrolyzed Water) is
capable of removing very large amounts of deposit. Since NEW (Neutral Electrolyzed
Water) contains hypochlorous acid (HOCI), one would expect the product to react in the
same way with calcium carbonate or limestone that would other more concentrated
sources of chlorine. In fact, other forms of chlorine have none of the deposit removal
capability demonstrated by NEW (Neutral Electrolyzed Water).

Chlorination Basics

Chlorine in water forms hypochlorous acid (HOCI) and hydrochloric acid (HCI). When
this solution of HOCI and HCI reacts for a sufficient time with and excess of limestone
(calcium carbonate) the reaction is:

2Cl2 + 2H20 + 2CaCOs  2HOCI + CaClz + Ca(HCOs)2

Typical mineral scales in hot and cold domestic water distribution systems and also in
evaporative cooling systems are largely calcium carbonate. Therefore, injecting a
solution, even a dilute one, of HOCI and HCI should produce the same reaction.

In the presence of an excess of calcium carbonate (nearly always the case in scaled
water distribution and recirculation systems) and an excess of calcium bicarbonate
indigenous to the water supply, the HCI would react as follows:

2HCI + Ca(HCOs3)2 = CaCl2 + 2H20 + 2CO2 Calcium chloride and carbon dioxide
solubility are rather high, so these reactions of HOCI and HCI would tend to
decompose calcium carbonate scale to form rather soluble calcium chloride.

The reaction of HCI with bicarbonate alkalinity should result in a reduction of alkalinity of

about a 1 ppm HOCI to 1 ppm HCOsratio. This would have a rather insignificant effect
on pH, but any pH reduction could aid the calcium carbonate resolution rate.

It is well known that even dense calcium carbonate scales are only partially removed by
dissolution alone. Rather, acid attack of calcium carbonate scales also loosens scale
deposits from the metal to which they are attached. This action produces a sloughing of
chunks of calcium carbonate scales, resulting in transport of calcium-based deposits,
mostly in the form of small-to-large scale particles or chunks.



The sodium and hydroxide ions in a solution of stabilized sodium hypochlorite interfere
with the reaction of HOCI and HCI with calcium. This explains why conventional bleach
solutions at much higher chlorine concentrations and oxidation potential do not work so
well as NEW (Neutral Electrolyzed Water)-treated water.

It is important to differentiate NEW (Neutral Electrolyzed Water) from other sources of
chlorine, such as stabilized bleach, calcium hypochlorite, hydantoins and other chlorine
donors. The NEW (Neutral Electrolyzed Water) label's ingredient statement is very
similar to those for other chlorine or halogen donor chemicals, such as calcium
hypochlorite, bormo-chloro-hydantoins, isocyanurates, and even gaseous chlorine.
Nevertheless, NEW (Neutral Electrolyzed Water) chemistry is unique and the NEW
(Neutral Electrolyzed Water) product is very different from other forms of chlorine. For

example:
. It is manufactured by a proprietary process
. It has a limited shelf-life
. It performs within a wide range of pH and alkalinity conditions.
. It removes calcium scales quickly and easily at sub-stoichiometric ratios.
. It out-performs all other forms of chlorine in removing and preventing both

inorganic and organic deposits.

After an initial mineral scale and deposit removal phase is complete, NEW (Neutral
Electrolyzed Water) at a low, economical maintenance dosage prevents mineral scale
and deposit recurrence without the use of acids for pH control and without expensive
polymers, organic phosphates, and other scale-control chemicals usually required with
non-NEW (Neutral Electrolyzed Water) programs. In fact, NEW (Neutral Electrolyzed
Water) applications control scale and deposition in waters with significant calcium
carbonate scaling characteristics as measured by any of the indices used for these
measurements, LSI, RSI, and PSI.

There are many examples of non-chemical or mechanical, on-line cleaning methods for
water distribution systems depending upon the size and complexity of the system:

1) Back-flushing

2) Brushes or abrasive sponge balls

3) Air-bumping

4) Pigging

5) Side-stream filtration

There are also many choices of chemical cleaning solutions and methods: 1) Chlorine
compounds and other oxidants like peroxides (combination cleaners-sanitizers)
2) Detergents
3) Mineral acids
4) Organic acids
5) Chelants
6) High and low MW polymers
7) Strong bases
8) Other alkalis



LABORATORY EVALUATION PROTCOL AND RESULTS

Laboratory Experiments on NEW (Neutral Electrolyzed Water) v

Puckorius & Associates (P&A) was asked by Rioxe LLC of Las Vegas, NV to investigate
in our lab the capabilities of NEW (Neutral Electrolyzed Water) as an inhibitor for calcium
carbonate scale in an evaporative cooling system, and as a cleaner for calcium
carbonate scale that had already formed in an evaporative cooling system.

It had been observed in the field that calcium carbonate scale had been removed in
once-through agricultural water systems where NEW (Neutral Electrolyzed Water) was
being used as a sanitizer. Since preventing calcium carbonate deposits and
microbiological growth in cooling towers, evaporative condensers and refrigeration
chiller condensers is a large part of the water treating business the owner of Rioxe LLC
wanted to see how NEW (Neutral Electrolyzed Water) could fit in.

P&A had assembled a dynamic scale tester (DST) in which calcium carbonate scale
forms in a heated Pyrex glass coil from flowing simulated scale-forming cooling water.
The DST is normally used to study the effectiveness of various commercial scale
inhibitors and determine the dosages required. A schematic of the equipment is shown
in Figure 1. The actual lab setup is shown in Photo 1. One to four solutions can be run
per test, separately or in pairs.

Our standard test water contains 1500 +1% parts per million (ppm) of calcium as CaCOs
and 275 +1% ppm of bicarbonate alkalinity also as CaCOs, plus normal concentrations
of magnesium, chloride, sulfate, sodium and silica, mimicking concentrated cooling
tower water. Normally the standard test water is made up with Evergreen city water.
However, the city water can change because it is runoff from the east side of the
Continental Divide, which is not consistent. Therefore, for consistency the standard test
water was made up with deionized (DI) water.

Untreated, the standard water forms visible white scale in a “control” or “blank” glass
coil within 20 minutes of circulation at 155 F. The others follow according to the
treatment being tested and the dosages. The test is run for four hours at which point
much of the calcium has been scaled out of the water and it is no longer super-
saturated. At the end of the test the coils and tubing are washed out with acid and the
amount of calcium carbonate formed determined for the individual systems.
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Photo 1 — Dynamic Scale Test Apparatus
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Test #1 — The first test was run to determine whether NEW (Neutral Electrolyzed Water)
would inhibit calcium carbonate scale formation.

Exactly one Liter of standard test water was circulated through two coils, #s 1 & 2 in a
heated bath, and back to a single beaker. Two of the peristaltic pump heads and two
pairs of plastic tubing were used. A second Liter of standard water in a second beaker
was treated with “neat” (as shipped or as sold) NEW (Neutral Electrolyzed Water) until
the ORP (Oxidation Reduction Potential) reached +650 mV. Twenty mL was required,
making the dosage

5.7 ppm of “real” (100% active) NEW (Neutral Electrolyzed Water). Twenty mL of DI
water was added to the other solution to equalize the volumes. The two remaining pump
heads and two pairs of plastic tubing circulated the NEW (Neutral Electrolyzed Water)-
treated water through coils 3 & 4 in the same heated bath. The length of the four sets of
tubing was the same. The two beakers were two of the “sumps” in Fig.1.

Scale began to form in all four coils within 20 minutes. After two hours all four coils
looked very much the same, with thick scale. This was unusual. After four hours the test
was terminated, the coils were drained of test water, acid-cleaned and rinsed with DI
water. The collected acid and rinse water was analyzed for calcium by the standard
EDTA titration and converted to the equivalent amount of CaCOs. The results were:

Untreated #1 356 mg CaCOs
Untreated #2 +370 mg CaCO3 =726 mg

Treated #3 366 mg CaCOs
Treated #4 +355mg CaCO3 =721 mg

This comparison is too close to call. Generally, when testing anti-scalants, a 2-mg/L
dosage results in less than 100 mg of CaCOs in that coil, with higher dosages
approaching zero milligrams.

Test #2 — Test 1 was repeated using a higher dosage of NEW (Neutral Electrolyzed
Water), to +800 mV ORP. This required 35 mL of neat NEW (Neutral Electrolyzed
Water) per liter of test water. The volumes were equalized again. All other conditions
were the same. And the results were the same, with all four weights within an 18 mg
spread, averaging 720 mg.

Test #3 — It was speculated that perhaps the DI water was too clean with regard to
organic material, bacteria and other microorganismg. Therefore, actual operating
cooling tower water was obtained that contained 10 organisms by a dip-stick test.
Additional salts were added to bring the tower water sample up to our test water
chemistry since it is unusual for an evaporating system to operate with water that high in
calcium and/or alkalinity.

This test was run the same as the first two, except that the temperature of the bath was



reduced to 130 F to avoid killing the organisms. There was no treatment in one beaker
and NEW (Neutral Electrolyzed Water) up to +800 mV ORP in the other. This time scale
began to appear in coils 1 and 2 in 25 minutes and was very visible at 40 minutes.
Scale began to form in coils 3 and 4 in 50 minutes and continued to increase along with
that in coils 1 and 2, though not quite as heavy.

The cleaning acids and rinses were analyzed for calcium with the following results:

Untreated #1 310 mg CaCOs
Untreated #2 +325 mg CaCOz =635 mg

Treated #3 284 mg CaCOs
Treated #4 +272 mg CaCOs =556 mg

This was an improvement, but it was realized that we did not know how long the NEW
(Neutral Electrolyzed Water) lasted in the treated system. The temperature was hotter
than the temperature at which most towers operate, and we had not tested the treated
water after the test to see if any organisms survived.

Test #4 — This test was run similar to Test #3, except that the temperature of the bath
was reduced to 120 F and the temperature of the heat sink was reduced to the
temperature of the incoming city water. Also, additional NEW (Neutral Electrolyzed
Water) was added during the test. The circulating water was tested for ORP and when
less than +600 mV small amounts of NEW (Neutral Electrolyzed Water) were added with
a syringe. This simulated the feed of NEW (Neutral Electrolyzed Water) to the makeup,
or semi-continuous feed to the tower basin.

The untreated test solution in coils 1 and 2 began to show scale in 30 minutes. Scale
began to form in coils 3 and 4 in 60 minutes and continued to increase along with that in
coils 1 and 2. An additional 10 mL of neat NEW (Neutral Electrolyzed Water) had been
added during the test at about 15 minute intervals, 1.0 mL at a time. The ORP at the end
of the test was +600 mV.

The cleaning acids and rinses were analyzed for calcium with the following results:
Untreated #1 290 mg CaCOs Untreated #2 +315 mg CaCOs = 605 mg
Treated #3 226 mg CaCOs Treated #4 +237 mg CaCOs = 463 mg

Some of the decrease in the amounts was due to the lower temperature but it appeared

that the presence of organisms had an influence on scale formation.

Test #5 — In Test #4 we saw that NEW (Neutral Electrolyzed Water) acted as a scale

inhibitor; the question whether it could be used as a cleaner would be investigated next.

For this test two kinds of scale would be required: one that was formed under almost
sterile conditions and one that contained the organic matter and microorganisms



generally found in cooling tower waters. For the first, the standard test water made up
with DI water was used. For the second, the test water used was made up with actual
tower water brought up to the same quality as the standard test water, without NEW
(Neutral Electrolyzed Water). As with the other tests the test waters were split between
two coils, 1 and 2 were recirculated from beaker (1 & 2) while coils 3 and 4 were
recirculated from beaker (3 & 4) The temperatures were the same as in Test #4, normal
for many HVAC towers.

All four coils began to show scale at the same time and it continued to grow throughout
the next 3% hours. After draining out the test water, a very weak solution of sodium
hydroxide in DI water was allowed to flow slowly by gravity three times through each
coil. This would neither deposit, dissolve nor wash away any scale in the coils but just
flush out any of the remaining test water.

A solution of NEW (Neutral Electrolyzed Water) in DI water at +800 mV ORP was
pumped slowly through all four coils at 100 F. Coils 1 and 2 and coils 3 and 4 were
discharged into their separate beakers. It was observed that a fine powder began to
collect in the bottom of both beakers, but especially in beaker (3 & 4). When the ORP in
beaker (3 & 4) went below +600 mV ORP several times additional NEW (Neutral
Electrolyzed Water) was added. Beaker (1 & 2) never went below +650 mV ORP. After
two hours coils 3 and 4 were clear and all of the scale appeared to be in the beaker.
Coils 1 and 2 still contained most of the scale that had formed and very little powder was
in beaker (1 & 2) as compared to beaker (3 & 4).

The solution in beaker (1 & 2) was filtered through a weighed 0.45 micron membrane,

with the filtrate being retained and the membrane dried for 3 hours at 220 F. Coils 1 and
2 were cleaned with acid and the extracts analyzed for calcium:

Untreated Coil #1 270 mg CaCOs Untreated Coil #2 +258 mg CaCOs =
528 mg CaCOs

The dried 0.45 micron membrane containing the solids from coils 1 and 2 was weighed
and the CaCOs arrived at by difference: 84 mg. The filtrate showed zero calcium by
titration with EDTA. Therefore the total CaCOs scale formed and recovered was 528 mg
+ 84 mg = 612 mg, close to that in Test #4.

Coils 3 and 4 were cleaned with acid and the extracts analyzed for calcium:
Untreated Coil #3 Trace or 0 mg CaCOs
Untreated Coil #4 + Trace or 0 mg CaCO3 = 0 mg CaCOs

The solution in beaker (3 & 4) was filtered first through a weighed glass fiber filter pad
and then through a weighed 0.45 micron membrane, with the filtrate being retained and
the filters dried for 3 hours at 220 F.

The dried glass fiber pad was weighed and the CaCOs arrived at by difference: 290 mg.
The filtrate showed zero calcium by titration with EDTA. The CaCOs scale recovered on
the glass fiber pad (> ~ 1 micron) was 290 mg.



The dried 0.45 micron membrane was weighed and the CaCOs arrived at by difference:
333 mg. The filtrate showed zero calcium by titration with EDTA. The CaCOs scale
recovered on the 0.45 micron membrane (0.45 to ~1 micron) was 333 mg.

Therefore the total CaCOs scale formed and recovered in Test #5 was 290 mg + 333 mg
= 623 mg. However, both test waters started out with calcium equivalent to 1500 ppm as
CaCOs. The filtrates from beaker (1 & 2) and from beaker (3 & 4) were analyzed for
calcium by the EDTA titration. The results were:

Beaker (1 & 2) 890mg CaCOs
Beaker (3 & 4) 875 mg CaCOs

These are the amounts of calcium that did not come out of solution during the test.

Calculating a PSI scaling index for each, it shows the remaining water is neither scale-
forming nor scale-dissolving (stable water).

Beaker (1 & 2) @ 890mg CaCOs + Scale solids @ 612 mg CaCOs = 1502 mg/L
CaCOs
Beaker (3 & 4) @ 875 mg CaCOs + Scale solids @ 623 mg CaCOs = 1498 mg/L
CaCOs

Therefore the calcium is all accounted for.
Test #6 — From the results of Test #5 it appears that NEW (Neutral Electrolyzed Water)
does not dissolve CaCOs but releases it from whatever is holding it together, likely

organic biomass.

To confirm the first half of the preceding statement NEW (Neutral Electrolyzed Water)
was tried on Reagent Grade CaCO:.

To 1.0 liter of DI water was added100 mg ACS CaCOs, weighed to one-tenth mg. To

1.0 liter of a 50/50 solution of neat NEW (Neutral Electrolyzed Water) and DI water was
added100 mg ACS CaCOs. The solutions were left tightly covered overnight with
occasional stirring.

When titrated with EDTA, both solutions increased in calcium exactly the same amount,
13 mg/L, the approximate solubility of CaCOs in DI water at room temperature.

OBSERVATIONS

Test #1 - NEW (Neutral Electrolyzed Water) at a relatively low dosage did not prevent



scale formation in test water made up with DI water and that did not contain
microorganisms / biomass.
Test #2 - NEW (Neutral Electrolyzed Water) at a relatively high dosage did not prevent
scale formation in test water made up with DI water and that did not contain
microorganisms / biomass.

Test #3 — When actual cooling tower water containing common organic matter including
microorganisms was used to make up the test water NEW (Neutral Electrolyzed Water)
caused the formation of less scale than the “control” made up with DI water. (The test
was started with a fixed dosage of NEW (Neutral Electrolyzed Water) which may not
have been enough.)

Test #4 — When a repeat of Test #3 was run with a sustaining or “maintenance” dosage
of NEW (Neutral Electrolyzed Water) added, there was an impressive improvement in
scale reduction.

Test #5 — Two different scales were formed to test the cleaning potential of NEW
(Neutral Electrolyzed Water). One scale was “sterile” or nearly so, the other contained
biomass and microorganisms. An initial and sustaining dosage of NEW (Neutral
Electrolyzed Water) was able to break up the contaminated scale into powder. It had
much less affect on the scale formed by “sterile” water.

Test #6 — A strong solution of NEW (Neutral Electrolyzed Water) did not dissolve any
more pure calcium carbonate than DI water did under the same conditions.

CONCLUSIONS

In general:
. NEW (Neutral Electrolyzed Water) does not dissolve calcium carbonate
. NEW (Neutral Electrolyzed Water) will prevent calcium carbonate scale

from forming under typical cooling tower conditions, that is with biomass and
microorganisms present,

. NEW (Neutral Electrolyzed Water) will release calcium carbonate scale
formed under typical cooling tower conditions, that is, with biofilm present, by oxidizing
the biofilm.

: . NEW (Neutral Electrolyzed Water) must be fed continuously or semi-
continuously.

FIELD TEST PROTOCOLS AND RESULTS

The favorable results of the laboratory work pointed to field-testing under extremes of
water quality and operating conditions, such as temperature, flow rate, velocity,
contamination, etc. We selected several evaporative cooling systems for this purpose,
because they offer useful instrumentation and the opportunity to retain and to recirculate



treated water and observe effects on the equipment. While it is true that these NEW
(Neutral Electrolyzed Water) test applications resulted in many benefits for the
evaporative cooling systems tested, such as scale and deposit removal and lower
power, water, chemical and sewer costs, we used cooling towers somewhat reluctantly
simply because the NEW (Neutral Electrolyzed Water) applications were much easier to
manage and to evaluate than would any once-through water distribution systems that
were available to us. Therefore, the data and results in the case histories for the cooling
tower systems should be read and interpreted in terms of what can be expected from
once-through cooling and other water distribution systems in general, for which chemical
treatment is limited to chemicals like NEW (Neutral Electrolyzed Water), which are
approved for potable water treatment.

CASE HISTORY No. 1

Report on the Lone Star Bakery Evaporative Condense  r Cleaning
Evaluation of NEW (Neutral Electrolyzed Water) as a n Effective
Descalent

An NEW (Neutral Electrolyzed Water) cleaning operation was performed on a
galvanized Evaporative Condenser (E.C.) that was about to be scrapped by a
neighboring plant because of its unusable condition. The unit was moved to the test site
and piped for operation outside. (See Photos 1 and 2.) Steam was injected into water in
the tank in the foreground of Photo 1 and circulated to provide the heat load to the tubes
in the evaporative condenser.

Original Condition of the Test Evaporative Condense __ r

The tubes were heavily encrusted with a thick white scale (Photos 3-a & 3-b), while all
non-heated flat surfaces were covered with varied thicknesses of very hard, dark gray,
concrete-like deposits, see Photos 4-a & 4-b. Scale and hard deposit samples were
taken from various areas throughout the unit and analyzed by Scanning Electron
Microscope / Energy Diffraction Xray (SEM / EDX). The analysis of an aliquot of the
collected deposits is shown on Figure 1. Carbonate (CO3) was determined on a
separate aliquot by measuring the carbon dioxide, COz2, released by acid in a closed
system at standard temperature and pressure. Carbonate in the total sample was 55%

Deposit Analysis Interpretation
Of the analysis on Figure 1 the major component was calcium as calcium carbonate,

generally the first salt to come out of solution as waters containing calcium ions (Ca2+)

and bicarbonate ions (HCO3) concentrate to beyond their solubility in an evaporative
system.

The other major element present is silicon as silica, SiO2, which also has limited
solubility in water. It is what made the hard deposits on the walls since it is less soluble
in cold water than in hot; the walls being cooler than the tubes which contain the heat
load.



It also is likely that some of the silicon is present as silt and/or clay which are
combinations of silicon and aluminum plus any one or more of the other elements
present.

The zinc and iron are almost certainly there as corrosion products, given the condition of
the cleaned tubes and other members.

The presence of phosphorus (P) implies that a phosphate anit-scalant/corrosion inhibitor
may have been used to treat the tower water at one time. The local makeup water has a
reputation as being very difficult to treat with conventional cooling water treatments.



Photo 1 — Test Evaporative Condenser
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Photo 2 — Air Intake, North Side with chemical totes
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Photo 3-a — SE and SW Ends of Bottom Tubes, South Wall and Center Baffle Photo 3-b




— Closeup of Lower Right Corner of Photo 3-a Photo 4-a — East Wall and NE Ends of
Bottom Tubes
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Photo 4-b —SW Wall and Center Baffle
Figure 1

SEM/EDX Analysis P&A#702 : original scale from evap condenser

Results:



Weight

Element %

Mg 3
Al 3
Si 23
P 5
S 1
Cl <1
Ca 50
Fe 4
n 10

(Carbonate Present) Loss on Ignition = 19.8%

Note: Carbon and Oxygen are not accurately quantifie€BY, so are not included in % results. Other eeta
present have been adjusted to total 100%.
The Cleaning Operation
The purpose of the test was twofold:
1) to determine if NEW (Neutral Electrolyzed Water) will remove already-formed
scale from a system.
2) 2) will NEW (Neutral Electrolyzed Water) prevent scale from forming if chemical
and physical conditions are
such that scale would normally form.

The test was conducted on San Antonio, TX, city water. The analysis of the present city



water is shown on Table I. This is a very hard water and notorious for scaling up Cooling
Towers and Evaporative Condensers, even with chemical treatment. The three most
common scaling indices calculated from the city water analys show it to be unsaturated
with calcium carbonate. When cycled up to only about one and a half cycles of
concentration, as circulating water, it becomes saturated with calcium carbonate and
potentially scale forming (PSI less than 6).

Photo 5 shows the monitoring instrumentation:

. water meters on the makeup and bleed-off lines
: . a conductivity controller to maintain a set number of COC in the circulating
water

. an ORP (Oxidation-Reduction Potential) controller feeding the NEW

(Neutral Electrolyzed Water) to maintain a minimum ORP reading in the circulating
condenser water.

In addition, manual checks on conductivity, ORP and pH were made on hand-held
instruments and recorded every two hours around the clock. Water meter readings and
NEW (Neutral Electrolyzed Water) tote binlevels were recorded to calculate the dosage
in ppm (parts per million).

The first run using NEW (Neutral Electrolyzed Water) was seventeen hours. The basin
was drained and the tower entered for observation and photos. A definite improvement
was noted, see Photos 6-a, 6-b and 6-c. Comparing Photo 6-c with 4-b indicates that
areas of deposits on the walls, baffle and girders had been affected by the NEW (Neutral
Electrolyzed Water), as well as on the tubes. All of the loosened material on the basin
floor was swept up and collected. There were many large flat gray chips measuring up
to two inches in one or both directions, some one quarter inch thick, with a thin white
layer on the flat side. The white layer effervesced when touched with an acid, signifying
that it was a carbonate and that it had been the first to form.

A second run lasted three days. Photo 7 shows the lowest row of tubes above the west
fan shroud. The floor of the basin contained many chips of scale and deposit, see Photo
8. The material collected was in size and appearance much like the first sample. The
SEM/EDX analysis was very similar to the first sample. Loss on Ignition was 16.9%.
The third run went on for ten days. Photos 9 and 10 show the tubes to be almost
completely cleaned of scale and deposit. The material collected was now fewer and
smaller chips but more and finer powder. There was iron rust on the white side (back) of
many of the chips, as in Photo 11. The SEM/EDX analysis was very similar to the other
two samples. Loss on Ignition was 13.7%.
Technical Bulletin P&A No. 155AA Revolutionary Method of Depaosit Removal and Prevention. April 7,
2004

Puckorius & Associates, Inc.
Table | WATER ANALYSES

SAMPLES FROM: Lone Star Bakery

Test Evap. Condenser




DATE COLLECTED:

8/15/03

TIME COLLECTED: 9:30 AM
SPECIFIC SAMPLE C
DESCRIPTION>>
iﬁ?onio Circ. @) Circ. Circ. Circ.
CONSTITUENTS: City Water Water C Water Water Water
CONDUCTIVITY; uS/cm 510 2034 4.0
TOTAL DISSOLVED SOLIDS; mg/L,
Calculated from Cond'y. Factor = 0.69 352 1403 4.0
pH 6.67 6.9
TOTAL HARDNESS (as CaCQs) 236 360 15
CALCIUM HARDNESS (as CaCOs) 164 256 1.6
MAGNESIUM HARDNESS (as CaCQs) 72 104 14
P ALKALINITY (as CaCO 1) 0 0
M ALKALINITY (as CaCO 3) 204 288 1.4
CHLORIDE (Cl) 28 462 16.5
SULFATE (SOa-) 34 62 1.8
SILICA (SiO>2) 6.06
TOTAL PHOSPHATE (PO 4), Unfiltered,
Acidified & Boiled 30 minutes. 0
ORTHO PHOSPHATE; FILTERED (PO 4) 0
ORTHO PHOSPHATE; UNFILT'D (PO 4) 0
ORGANO-PHOSPHATE (PO),
Oxidized by UV 0
POLYPHOSPHATE (PO4) 0
NITRATE (NO 3)
TOLYLTRIAZOLE, ppm as 100% TTA
OIL & GREASE (FOG)
TOTAL IRON (Fe) 0.126
TOTAL COPPER (Cu) 0.019
TOTAL MANGANESE (Mn)
MOLYBDATE (Mo)
POLYMER as 50%POLYACRYLIC ACID
ZINC (Zn) 0.335
SUSPENDED SOLIDS
TURBIDITY (NTU)
PUCKORIUS INDEX (PSI) [@1000F] 6.32 550
RYZNAR INDEX (RSI) [@1000F] 7.57 6.74
LANGELIER INDEX (LSI) [@100 oF] -0.45 0.08

Remarks: COC = Cycles of Concentration

Analysis by: R.T.Hess & Xcel Energy

Lab.
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Photo 5 — Control Instruments and Circulating Pump Photo 6-a — Bottom Tubes,
Southeast Corner After First Cleaning Photo 6-b — Bottom Tubes Above East Fan After
First Cleaning Photo 6-c — Southwest Wall and Center Baffle After First Cleaning Photo

7 — Tubes Above West Fan After Additional Three Day Cleaning Photo 8 — Chips and
powder on Basin Floor After Three Day Cleaning Photo 9 — Bottom Tubes After
Additional Ten Day Cleaning
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CONCLUSIONS

NEW (Neutral Electrolyzed Water) had the ability to remove a particularly dense calcium
carbonate deposit from a badly fouled evaporative condenser.

Laboratory experiments had shown that NEW (Neutral Electrolyzed Water) did not
dissolve any more pure powdered reagent grade calcium carbonate than the same
amount of demineralized water under the same conditions. Therefore there is something
chemically or physically different in the calcium carbonate formed in cooling water
systems and likely other water systems.

The three successive deposits removed from the test tower did not show appreciably
less calcium content, nor did the circulating cleaning solution show an appreciable
increase in calcium as more and more deposits were removed. They did however show
a decrease in Loss on Ignition, which can be assumed to be organic material.

We believe the organic is embedded in the deposit, or had provided nuclei for scale



formation. The oxidation power of NEW (Neutral Electrolyzed Water) destroyed the
organic so the scale disintegrated.

This tower could just as well have been operating during the cleaning operation, for
towers that can not be taken out of service and cleaned “on line”. In fact the tower is still
in use concentrating the plant waste water before discharge, and still using NEW
(Neutral Electrolyzed Water).

CASE HISTORY No. 2

Report on the NEW (Neutral Electrolyzed Water) " Trial at a Major Las Vegas Hotel
& Casino’s Cooling Tower / Condenser System

Evaluation of NEW (Neutral Electrolyzed Water) " as an Effective On-line Descalent
and Scale Inhibitor

Puckorius & Associates, Inc. had been requested by Activated Systems, LLC and Rioxe,
LLC to assist them in the application and monitoring of the NEW (Neutral Electrolyzed
Water) scale control treatment, a new and unique method of treating evaporative cooling
systems, at a Major Hotel & Casino in Las Vegas, NV. The project was started October
13, 2003. Below is a synopsis of the activities and results to date.

Hotel HVAC System Components

The HVAC plant at the facility uses three dual-cell cooling towers (see Photo 1) to reject
the heat from condenser cooling water. The condenser cooling water loop contains an
estimated 80,000 gallons of treated water. The system includes 7 chillers with a
combined capacity of 4,750 tons of refrigeration. The cooling towers are located
approximately 1500 feet from the chillers and are connected by 24” Supply and Return

piping.

The condenser water is filtered on a side-stream by a large sand filter, which utilizes
condenser water for backwashing. In addition, one Vortisand filtration unit serves each
tower and uses city water for backwashing. The blowdown or “bleed-off” requirement is
controlled by a conductivity monitor on the circulating water that opens a solenoid valve
on a set conductivity value discharging blowdown through a fixed orifice to the sewer.

Pre-existing Condition of the Towers and Chillers

The previous chemical treatment for the cooling water was conventional, consisting of a
combination polymeric scale and inorganic corrosion inhibitor formulation, plus a
stabilized hypobromous acid microbiocide. The inhibitor dosage was controlled by the
continuous measurement of a tracer material contained in the product. The oxidizing
microbiocide was injected for a 10-20 minute period daily, every morning.

The internal condition of one refrigerant condenser (Photos 2 through 7) was considered
to be normal and acceptable in terms of microbiological control, scale and deposit
control, and corrosion inhibition.



The film-pack-fill of the three cooling towers exhibited a build up of deposits that would
be greater than what is considered acceptable under traditional programs (Photos 8
through 10).

Photo 1 — Test Towers

Photo 2 — Open Condenser Photo 3 — Closeup of Photo 2



Photo 4 — Tube Ends and Tube Sheet Showing Corrosion and Scale Photo 5 — Tube
Ends and Tube Sheet, Same Condenser



Photo 6 — Another View of Photo 2



Photo 7 — Heat Exchanger End Showing Corosion and Scale Photo 8 — Fouled Film
Pack Fill in Tower



Photo 9 — Scale and Algae on Film Pack Fill



The NEW (Neutral Electrolyzed Water) Treatment Progr am

The NEW (Neutral Electrolyzed Water) treatment strategies for cooling tower /
condensing systems have developed into three phases: A descaling phase, a transition
phase, and an ongoing maintenance phase.

Phase 1 — Descaling Phase

The initial NEW (Neutral Electrolyzed Water) application was designed to remove scale
and deposits from the condensers, the cooling towers (especially the internals of the
film-pack-fill) and the connecting piping. The conventional chemical treatment was
discontinued for the NEW (Neutral Electrolyzed Water) trial. Deliberate blowdown was
also discontinued, but unintentional blowdown occurred since the deposits released by
the NEW (Neutral Electrolyzed Water) treatment was captured by the sand filter, which
then had to be backwashed - sometimes hourly. NEW (Neutral Electrolyzed Water)
injection into the return cooling water main was begun and was monitored for the next
five days.

During this time, periodic inspections of the towers indicated that mineral scale was
being released from the film-fill of the operating towers in large quantities. Carbon
dioxide rapidly effervesced from a portion when exposed to a weak acid, confirming
carbonate. A sample of this material was taken for analysis by Scanning Electron
Microscope / Energy Diffractive X-ray (SEM/EDX). Figure 1 shows the result of that
analysis. Not counting the carbonate portion, it was 95% calcium. Another aliquot



showed 19.6%
loss on ignition, which can be assumed to be organic material since the temperature
was too low to decompose carbonate.

It was soon realized that there was considerably more scale in the system than was
thought. Most of the released scale was removed by the Vortisand systems. Many of
the scale particles accumulated in the tower basins and were removed manually. The
rest was being taken out of a side stream by the sand filter, which, as mentioned above,
required frequent backwashing to restore the normal pressure drop across the filter bed.

Throughout the trial period, flowing condenser water samples were monitored for
instantaneous corrosion and pitting rates by a “linear polarization” instrument and for
mineral scale and microbiological deposition by a Yost Deposit Monitor. Long-term
corrosion rates are being monitored with corrosion coupons installed in the Yost
instrument.

During phase 1, NEW (Neutral Electrolyzed Water) dosage was targeted to reach and
maintain increasingly higher ORP (Oxidation Reduction Potential) levels in the
condenser water.

Phase 1 of the NEW (Neutral Electrolyzed Water) trial removed significant amounts of
mineral scale and deposits from the cooling tower fill, see Photos 11 through 13. This
was also likely occurring in the piping and chillers. This was indicated by the lower ORP
readings in the return water compared to those in the supply water.
Figure 1
SEM/EDX Analysis




Results
Element Weight %

Mg <1
Al <1
Si 1
P 1
S 1
K <1
Ca 96

(Carbonate Present)
Loss on Ignition = 19.6%

Note: Carbon and Oxygen are not accurately quantifie@BY, so are not included in % results. Other eeta
present have been adjusted to total 100%.






During this time decreasing dosages of NEW (Neutral Electrolyzed Water) were
employed. Our instrumentation indicated that there was no new scale deposition taking
place in the Yost unit on stainless steel tubes that are heated several degrees hotter
than the estimated skin temperature of the condenser tubes. There also was no
biological growth seen on a stainless steel screen coupon in a clear acrylic nipple in the
Yost piping

The high dosage of NEW (Neutral Electrolyzed Water) needed to rapidly descale a large
system in Phase 1, caused a temporary increase in the corrosive potential in the water
than would be the case in the maintenance phase. The continuous linear polarization
probe and meter revealed the temporarily increased corrosion and pitting rates. A
sodium silicate-based corrosion inhibitor was added to the program in the transition
phase for protection of both steel and copper and its alloys.

Phase 2 — Transition Phase

The transition phase of the NEW (Neutral Electrolyzed Water) treatment regimen was
initiated when most of the scale was considered removed from the system. This
occurred after five days of Phase

1. Dosing was changed from the high volume method of dosing NEW (Neutral
Electrolyzed Water) into the condenser water to dosing NEW (Neutral Electrolyzed
Water) into just the makeup water with chemical metering pumps interlinked with the
makeup valve. The NEW (Neutral Electrolyzed Water) dosage rate was adjusted to try to



obtain an ORP reading approximately 100 mV higher than the ORP of the incoming city
water.

Daily monitoring of conductivity, total dissolved solids (TDS), ORP, pH, free and total
chlorine in the incoming city water, the treated make up water and the circulating water
was performed. Also, volumetric monitoring of make up water and quantity of NEW
(Neutral Electrolyzed Water) used was recorded. Blowdown could not be recorded
because of the sand filter.

The days and weeks in this phase were marked by a continuation of scale release. It
was noted that scale from the sides of the basin, as well as on the louvers was released
so that the bare surfaces were revealed. As so much scale continued to be released, the
frequency of the necessary sand filter backwashing kept the cycles of concentration
from increasing. In an attempt to accelerate the descaling, each sheet of media in the
north tower was manually agitated to let the softened scale drop into the basin. Several
times during the day for several days, brooms were used to push the released scale into
the Vortisand pump intakes and otherwise direct it so as to be captured by the sand
filter. Additionally, scale was manually shoveled out of the basin.

NEW (Neutral Electrolyzed Water) was periodically shock-dosed to accelerate the scale
release and control bacteria. Since the scale on the sides of the towers not in contact
with flowing treated water was not rapidly descaling, the bacteria harbored in the scale
grew in the still low ORP transition phase condenser water. To control the bacteria
during this phase, NEW (Neutral Electrolyzed Water) was sprayed on the remaining
scale and algae covered surfaces. The result was a decrease in algae and the
sloughing off of the bio-laden scale.

The water chemistry was monitored several times daily. This allowed us to spot trends,
optimize the NEW (Neutral Electrolyzed Water) dosage and arrive at maintaining a
target free chlorine residual as the best means to administer a NEW (Neutral
Electrolyzed Water) cooling tower treatment program.

Scale release out of the north tower continued. The cool weather and winter season
was such that only one tower was needed. It had been decided to descale the other two
towers with NEW (Neutral Electrolyzed Water) off line.

During this phase, the ORP in the condenser water remained in the 200 mV to 250 mV
range. It was originally thought that the ORP in the circulating water would need to rise
to over 500 mV in order to control scale and bacteria. Accordingly, NEW (Neutral
Electrolyzed Water) was shock dosed regularly in order to most expeditiously remove
the remaining scale and thus allow the ORP to rise to over 500 mV. Also, since it had
been the standard procedure with the previous treatment regimen, the operators
requested these regular shock dosages so as to allow the opening of all the chillers so
that they could be treated and “de-slimed” with the high ORP system water.

To address the issue of bacterial contamination, “dip-stick” tests for waterborne bacteria
and fungi were performed several times per week. Each test revealed minimal cfu/ml.



Phase 3 — On-going Maintenance Phase

As NEW (Neutral Electrolyzed Water) cleaned out the remaining scale and had less to
react upon, the need to backwash the sand filter diminished and the condenser water
was able to develop higher cycles of concentration. Finding minimal cfu’s, shock dosing
was discontinued.

The NEW (Neutral Electrolyzed Water) dosing rate was increased at the beginning of
this phase. The bacteria/ fungi tests and the algae patches in the tower basin continued
to show no substantial growth. With the NEW (Neutral Electrolyzed Water) being added
to just the make up water the ORP in the condenser water was maintained between 250
mV and 350 mV. More importantly, the data revealed that the free available chlorine
residual in the condenser water remained consistently slightly above 0.05 ppm. It was
realized that ORP over 500 mV was not required to maintain the system scale free and
bio free as was once hypothesized.

Scale or biological growth was not observed on the media or in the system and the
cycles of concentration rose to four. Corrosion and pitting rates were minimal, showing
the sodium silicate was effective as a corrosion inhibitor. One of the chillers was opened
and the tubes revealed. No scale had formed in the tubes. See photos 16 through 22.
The Plant Engineer commented that he had never seen the tubes, the tube sheets or
the tower fill so clean. A condenser was opened and photographed two months after the
NEW (Neutral Electrolyzed Water) treatment was begun. Unfortunately, it was not the
same condenser as shown in Photos 2 through 6.





















The basins in the other towers, which were off line, had been descaled and were burden
free because the NEW (Neutral Electrolyzed Water) that made its way into the basin
water via the piping that maintained the level between the basins of all the towers.

Data revealed that when the weather was cold and rainy, evaporation was minimal and
NEW (Neutral Electrolyzed Water) dosing, which was based on makeup, was
correspondingly minimal and thus less effective. This was particularly noticeable at
higher cycles. This suggests that dosing rates may need to be augmented in periods of
low evaporation and sustained during high evaporation periods.

At this point in time, an incident occurred that gave additional insight to the efficacy of
NEW (Neutral Electrolyzed Water): The other two towers were inadvertently brought on
line. Although their basins where clean, the tower media still held considerable scale
and biological deposits. Bringing these towers on line introduced an unknown, but
significant quantity of scale and bio into the system loop. Consequently the NEW
(Neutral Electrolyzed Water) in the system was used up rapidly under the sudden high
load and scale began to appear on the ends of the media in Tower 1. Additional NEW
(Neutral Electrolyzed Water) was provided and the scale and bio growth retreated. The
scale was released most effectively where the flow of treated water was highest. A



round of shock dosing was opted for to rapidly descale the balance of media / system
again. The sand filter caught the material that was released causing the filter to require
more frequent backwash, thus lowering the cycles of concentration back to 3.

The pH of the circulating water was between 8.7 and 9.0 during most of the NEW
(Neutral Electrolyzed Water) program. Chlorine and sodium hypochlorite are not
effective as a biocide at that high a pH. NEW (Neutral Electrolyzed Water) seems not to
be affected by high pH. However, neutralization of the sample is necessary before
running free and total chlorine tests by the DPD method.

Conclusions

Three primary factors should control the NEW (Neutral Electrolyzed Water) Cooling
Tower Treatment System:

1. 1. Dosage rate - the feed should be into and proportional to the makeup to
maintain a 0.05 ppm of free available chlorine in the circulating water.
2. 2. Deposits (the scale and microbiological load in the system) — deposits removed

from the fill should be removed from the system physically as soon as convenient so as
to not be a continuing burden on the NEW (Neutral Electrolyzed Water), wasting it.

3. 3. Cycles of Concentration — The allowable COC will be higher than that allowed
by conventional chemical treatment programs. A control of 5 to 6 on the Puckorius
Scaling Index (PSI) should be augmented by a deposit monitor set at a higher
temperature than the estimated skin temperature in the condenser.

CASE STUDY NO. 3 Hospital

CASE STUDY NO. 4 Poultry Hatchery and Live Producti  on Facilities

CASE STUDY NO. 5 Restaurant

Note: These studies are available upon request

EXAMPLES OF CURRENT NEW (NEUTRAL ELECTROLYZED WATER )

APPLICATIONS Produce Washing Chicken Processing Ice-making Dairi es

Bakeries Hospital / Healthcare Hospitality / Hotels / Restaurants



