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EXECUTIVE SUMMARY

Central Air-Conditioning Systems (CACS) to cool rooms for most large buildings such as hotels
is a basic necessity. However, since heat is a by-product of producing cooled air, the CACS is
comprised of two units. The first unit is the chiller-eondenser unit, which produces cooled air by
extracting heat using heat exchangers. The second unit is the cooling tower, which uses water to
absorb excess heat from the heat exchangers and to transfer this heated water to the top of a
tower where the heated water is dropped and dispersed as smaller droplets of water to flow over
fills , which represent large surface area. As the water falls, heat is dissipated to the atmosphere
and evaporation of water is a major factor in cooling of the water. Thus the water collected in a
reservoir or sump at the bottom of the tower is now cool enough to again be re-circulated to
absorb heat from the heat exchangers. However, before the water in the sump can be pumped to
the chiller-condenser unit, the quantity and quality of that water must be adjusted and improved.
The quantity of water must be restored because of volume loss due to evaporation. The quality of
the water must be improved because the cooling tower is exposed to airborne contaminants,
birds, animals, insects as well as a variety ofmicroorganisms, which may grow on parts of the
tower. These sources add contaminants to the water in the sump and due to evaporation, the
concentration ofcontaminants increases in the sump water. As a result, good management of the
operation of cooling towers is essential to maintaining proper functioning of CACS. This
includes adding sufficient water (make-up) of good quality, and discharging some water
(blowdown) to reduce the concentrations of contaminants in the sump water. Another necessary
management procedure is the need to disinfect the sump water because conditions in the sump
are ideal for growth of microorganisms. The concentrations ofmicroorganisms in the sump water
must be controlled because they cause biofilm formation within the chiller-condenser piping
system, which can reduce the efficiency of heat exchangers. Historically, concentrated forms of
chlorine have been used to disinfect cooling tower water. However, the hazards associated with
transport, storage and handling of concentrated forms of chlorine and their toxic effects on the
environment have increased the cost and risk associated with use of concentrated chlorine to
disinfect water.

One way to avoid the recognized problems associated with the use of concentrated forms of
chlorine is to produce only the minimum effective dose of chlorine on site by a process called
electrolysis or using a electric current to ionize sodium chloride in water to produce low but
disinfecting levels of chlorine. This procedure minimizes the health hazards associated with the
use of concentrated chlorine. In this regard, Kilpatrick Enterprises/Wai Ea Hui/Diatomic
Systems have adopted and improved this type of electrolysis method and this process is called
Electrocel Technology System (ETS). This system uses a refined or high purity form of sodium
chloride to produce higher purity chlorine or hypochlorous acid as the primary disinfecting
chemical and limits the formation of other toxic chemicals. This system has been installed at
over 20 sites in the state of Hawaii, some for as long as 10 years, and Kilpatrick Enterprises/Wai
Ea Hui/Diatomic Systems have stated that this system is an improvement over the traditional
systems of using concentrated forms of chlorine. However, two obstacles have been recognized
in the slow acceptance of this technology. First, many people are not yet convinced that the ETS
is better because it is a relatively new system and must overcome the acceptance of existing
systems. Secondly, it has been difficult to convince people about the effectiveness ofETS system

2



because there has not been an independent study, which has evaluated ETS based on monitoring
the quality of water in that system.

To address the identified need for ETS, Water Resources Research Center (WRRC), an
independent research unit of the of the University of Hawaii, was asked to measure relevant
water quality parameters in cooling towers treated by the ETS. The overall goal of this study was
to conduct a short term (3 month) or preliminary (Phase I study) to obtain basic water quality
data needed to evaluate the performance of ETS as an effective means of treating cooling tower
water. The results of this Phase I study were to determine if a more extensive study would be
required. Rapid tests were used to monitor the following water quality parameters: I.Total
Dissolved Solids (TDS). 2. Cation mineral content (calcium, magnesium, sodium, silica, iron). 3.
Anion mineral content (chloride, sulfates). 4. pH. 5. Turbidity. 6. Chlorine residual. 7.
Phosphates. 8. Nitrates (nutrient load). 9. Bacterial composition (fecal coliform, E. coli, total

.heterotrophic bacteria, total aerobic spores, total anaerobic spores) 10. ATP assay for bacterial
load. 11. UV absorbing compounds using a specific spectrophotometer (Inspectra). 12. Toxic
chemicals in water using the Microtox" assay system. For this study, the effectiveness ofETS
was based on determining the quality of three water samples (input or make-up water, output or
blowdown water, re-circulating sump water) from the cooling tower installed at Sheraton
Waikiki and Outrigger Islander Hotel because ETS had been used to treat the water at these two
cooling waters for a number ofyears. In contrast, cooling tower water at the Outrigger Malia
Hotel was being treated by traditional methods during the first two months of this study and
changed to treatment using ETS during the third month. Testing the cooling tower at this hotel
was used to compare the quality of water being treated by traditional methods and by ETS.

By measuring the selected water quality parameters in cooling water samples from Sheraton
Waikiki and Outrigger Islander Hotels, five specific objectives were addressed. The first
objective was to determine whether the ETS practice related to adding sufficient make-up water
and discharging sufficient blowdown water was effective in controlling contaminants in the
sump water. The monitoring data show excellent quality of the make-up water and relatively low
concentrations of minerals in the sump and blowdown water. Using EPA guidelines the ratio of
TDS in make-up water and sump water was used to determine that the cooling tower waters at
the two hotels were circulated approximately 2 - 4 times and well within the recommended 3 - 7
cycles to prevent heavy build up contaminants in the sump water. These results indicate that the
practice used by ETS to add sufficient make-up water and to remove sufficient blowdown water
is effectively limiting the concentrations of contaminants in the sump water.

The second objective was to determine whether the concentrations ofminerals in the sump
waters are adequate to control scaling in heat exchangers. By comparing the measured water
quality parameters in the sump and blowdown water with recommended water quality criteria for
make-up and sump water, it was concluded that most of the measured water quality parameters
(turbidity, pH, iron, sulfates, TDS, chlorides, Mg) met sump water criteria or make-up water
criteria. Only the levels of silica (207 - 256 mg/l) did not meet the recommended limit of 150
mg/l for sump water. It is well known that silica is a component of Oahu's groundwater, which is
the source of potable water used as make-up water. Thus, make-up water rather than external
contamination is the most likely source of silica. Taken together, these results indicate that the
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concentrations of minerals in the cooling water for Sheraton Waikiki and Outrigger Islander
Hotels are below the levels to precipitate out of solution to cause problems related to scaling.

The third objective was to determine whether the ETS disinfection system was effective in
controlling microbial growth in the sump water. Based on detectable levels of total chlorine
(0.32 - 1.08 mg/l) as well as free chlorine (0.21 - 0.85 mg/l) and low concentrations of total
heterotrophic bacteria (1.32 - 3.52 x 103 CFU/100 ml), aerobic and anaerobic bacterial spores
(17 - 1.33 x 103 CFU/1 00 ml) , it was concluded that microbial populations in the sump water at
the two hotels are being effectively controlled by the disinfection system used by ETS . By
limiting the growth ofmicroorganisms in the sump water, the disinfection system is effectively
limiting microbial biofilm formation in the heat exchangers.

The fourth objective was to assess the basic health effects quality of blowdown water for
discharge into the environmental waters such as streams and coastal waters. However, these
environmental waters are regulated by concentrations of fecal bacteria and by presence of toxic
chemicals. Analysis of the blowdown water from the two hotels revealed only trace level «I
MPN/100 ml) of total coliform and undetectable levels (0 MPN/I00 ml) of E. coli. These results
provide additional evidence that the disinfection system used by ETS is effective. In addition,
acutely toxic chemicals were not detectable in these blowdown water samples. Thus, the quality
of blowdown water meets the basic health related water quality requirements and will not likely
be a source of basic health related contaminants if discharged into environmental waters such as
storm drains, streams or coastal waters.

The fifth objective was to determine the quality of blowdown water for possible re-uses such as
for crop irrigation, landscape watering, toilet flushing , general washing and laundry activities.
Many of these uses may be especially appropriate in isolated islands where water supply is
limited. This was accomplished by comparing the quality of blowdown water with guidelines for
irrigation water. In this regard, the concentrations for TDS (696 - 869 mg/l) in the blowdown
water samples are slightly above the TDS concentrations (450 - 2000 mg/l) for moderate degree
of restriction for irrigation. The concentrations of sodium (161 - 165 mg/l) in blowdown water
slightly exceed the moderate and severely restricted use of> 100 mg/l for sensitive crops.
Similarly the concentrations of chloride (460 - 486 mg/l) in blowdown water exceed the severely
restricted use of>350 mg/l for sensitive crops. It should be noted that the restricted use is based
on salt sensitive crops and there are other crops that can tolerate these levels of sodium and
chloride. One obvious solution is to dilute the blowdown water with other sources ofwaters to
reduce the TDS , sodium and chloride concentrations. Another solution is to select crops or
plants, which can tolerate these levels of TDS, sodium and chloride. Other options include use of
blowdown water as facility washwater before discharge into sewer or to treat the blowdown
water so it can be as make-up water.

The sixth objective was to compare the quality of a traditionally treated cooling tower with that
of an ETS treated cooling water. This was done by analyzing the water quality of cooling tower
from Outrigger Malia Hotel during the last two months it was treated using traditional
concentrated chlorine method with the water quality during the first month this cooling tower
was treated using ETS. A comparison of water quality parameters measured in the cooling water
before and after ETS indicate that most mineral content were similar before and after ETS .
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However, monitoring data suggested that the ETS had not yet stabilized. The concentrations of
sodium and chloride in the sump and blowdown increased after ETS was used. This most likely
reflects the use of sodium chloride by ETS. The concentrations of total heterotrophic bacteria as
well as total coliform and E. coli were generally lower after the ETS was employed indicating an
improvement in microbial water quality. Thus although the data was limited, the results indicate
that cooling towers which switch to ETS management can expect an improvement in the quality
of cooling tower water.

This study represents the first assessment of the ETS to manage and treat cooling towers based
on measuring selected water quality parameters in the make-up, sump and blowdown water. An
assessment of all of water quality monitoring data support the conclusion that ETS disinfection
system and management procedures are effective in maintaining good water quality. Maintaining
good water quality is a prerequisite to preventing problems such as scaling and loss of efficiency
of heat exchangers. It also provides for some options on how the blowdown or wastewater from
the ETS may be used . The actual costs, safety performance and operational effectiveness by the
operators of ETS were not part of this assessment.
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I. INTRODUCTION TO THE STUDY

A. Centralized Air-Conditioning Systems (CACS) for Multi-Story Buildings

Air-conditioning systems are needed to keep temperatures in buildings cool and comfortable
for people to work and to relax. The primary product and by-product of an air conditioning
system is cold air and heat, respectively. Air conditioning systems use a liquid refrigerant
such as hydrofluorocarbons, which will absorb heat when that liquid evaporates to a vapor
phase. This refrigerant is circulated through sub-unit components such as compressors,
condensers and evaporators to efficiently transfer heat from the air inside the building to the
air outside of the building. For multi-story buildings such as hotels, centralized air
conditioning systems (CACS) are used because of the need to efficiently produce large
volumes ofproduct (cold air) and the need to remove large volumes of by-product (heat) .
Figure 1 show the outline of a CACS and the two major operating units. The first is the
chiller/condenser unit where heat is generated by the action of compressors and condensers
on the refrigerant. CACS use water as the medium to absorb the heat because water can
carry over three thousand times the amount ofheat as the same volume of air. Thus, Figure 1
shows that hot water is produced in the chiller/condenser unit because this is where water is
used to absorb heat produced by the condenser. This hot water is then transported to a
second unit called the cooling tower where excess heat is dissipated as the hot water at the
top of the cooling tower travels to the bottom (sump) of the cooling tower. The sump water
is cool but must be treated before it can be used again as cooling water to be re-circulated
back to the chiller/condenser unit.

B. Objectives of Cooling Towers in the Operation of CACS

The key to a well-run CACS is in the operation of the cooling tower because this unit cools
the hot water from the chiller/condenser unit and the quality of this cooled water must be
suitable to be used again as a source of cooling water. The cooling tower unit is designed to
achieve three objectives. First, to efficiently dissipate heat from the hot water produced by
the chiller/condenser unit. Second, to collect the cooled water in a sump located at the
bottom of the tower and restore its volume so there is enough water to be re-circulated and
used again by the chiller/condenser unit. Third, to treat the water collected in the sump
(sump water) so that contaminants in that water will not reduce the efficiency of the heat
exchange capacity in the chiller/condenser unit.

C. Meeting the Three Objectives in the Operation of Cooling Towers

The first objective of cooling towers is to efficiently dissipate heat from the heated water. To
achieve this first objective, the hot water produced from the chiller/condenser unit is
transported to the top of the cooling tower. A cooling tower structure is designed to
aerosolize the hot water as it flows from the top to the bottom of the tower. The formation of
these aerosols, allows the water to be broken into droplets to increase the air/water contact
thereby maximizing water evaporation into the atmosphere. Forced air is often used to
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enhance evaporation. Evaporation is the most efficient way for water to lose heat. It has
been reported that for every one volume of evaporated water, a temperature drop of
approximately 10°F will occur in 100 volumes of water (EPA, 1992). One reported way hot
water can be aerosolized is by releasing water as a spray at the top of the tower. Another
more efficient way is to allow the hot water to cascade over and between structures with a
large surface area to cause water to form tiny droplets or aerosols.

The second objective of cooling towers is to collect the cooled water droplets at the bottom
of the tower so it can be re-circulated to the chiller/condenser nit. To achieve this objective,
a sump is built at the bottom of the tower to collect the cooled water. This source of water is
called the "sump water". Since the temperature of the sump water is relatively cool , this
water can be used again to absorb more heat produced in the chiller/condenser unit.
However, due to extensive water evaporation, the volume of the sump water is insufficient
for re-circulation and therefore the volume of water must be restored so there is enough water
to be used in the chiller/condenser unit. To restore adequate water volume, an external
source of water called the "make-up water" must be added to the sump water.

The third objective of cooling towers is to prepare the sump water so the quality of the sump
water is suitable for re-use as cooling water. Two procedures are used to achieve this
objective. The first procedure is to reduce the concentration of contaminants in the sump
water by dilution with make-up water and also by discarding some of the sump water. This
action is required because evaporation results in the loss of water volume but the
contaminants (minerals, ions, nutrients, organic compounds, particles) in water are not
evaporated. Thus, the sump water becomes enriched with higher concentrations of these
contaminants. To prevent excessively high concentrations ofcontaminants in the sump
water, some portion of the sump water is periodically discharged and the discharged water is
called the "blowdown water". This process will remove some of the water and with it the
elevated concentrations of contaminants. This process will also decrease the total volume of
the sump water. As a result, more make-up water must be added to restore the necessary
volume required for use as cooling water. A desirable action is to use high quality water as
the "make-up water", An excellent source of make-up water is potable water because this
source of water can be relied on to consistently contain low levels of all contaminants. By
adding high quality make-up water to the sump water, the concentrations of contaminants in
the sump water will be reduced by dilution. Lowering the concentrations or neutralizing the
effects of chemical and physical contaminants in the sump water is required to control
scaling of the heat exchangers. In general, the higher the concentrations of chemical and
physical contaminants in the cooling water, the more likely these contaminants will
precipitate out from the water to form a layer of chemical complexes (scale) on the surfaces
of pipes and the heat exchanger. Scale formation will reduce the efficiency ofheat exchange
in the chiller/condenser unit.

The second procedure to prepare the sump water as cooling water is to install a disinfection
system to control microbial growth because the environment (water, warm temperature,
nutrients, particles, microorganisms) in the sump water is very suitable for the growth of
microorganisms. It should be noted that the operation of a cooling tower is an open system,
and this exposes the water in the tower to contamination by multiple sources such as air-
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borne contaminants, dust particles, birds, animals, insects as well as microorganisms. In
addition, the physical structures of the cooling tower used to enhance evaporation are also
good habitats for the growth ofmicroorganisms. All of these sources will add
microorganisms and nutrients to the sump water. Microbial growth in the sump water is
unavoidable. Therefore, disinfecting the water is the only way to reduce the concentrations
of microorganisms in the water. Lowering the concentrations of microorganisms in the
cooling water will reduce formation of biofilm on the surfaces of pipes and heat exchangers.
This will aid in the prevention of scale formation and will maintain the efficiency of heat
exchange within these pipes.

D. Summary of the Problems Associated with CACS

1. Corrosion. Corrosion is the term used to indicate a physical or chemical
change in the original structure and chemical composition of the pipes and
heat exchangers used in the chiller/condenser unit. Examples of corrosion
include pitting and rust formation, which can result from the reaction of pipe
lining material such as iron with oxygen dissolved in water (Hero and Port,
1993). Corrosion is controlled by initially using corrosion-resistant materials
for pipes. However, some contaminants or characteristic of cooling water
such as oxygen, acid, corrosive chemicals, and high salinity can cause
corrosion of the pipe mate rials .

2. Scale formation. Scaling is the formation of an adherent layer of insoluble
salt or oxide on the surfaces of pipes and heat exchangers. Scaling is initiated
when inorganic salts in water precipitate out of solution and adhere to surfaces
of pipes. Over 90% of all solids dissolved in water are present as six different
mineral ions (Mathie, 1998). Three are positively charged cations (calcium,
magnesium, sodium) and three are negatively charged anions (chloride,
sulfate, carbonate). Since these ions react to form scaling compounds such as
calcium carbonate, calcium sulfate, magnesium silicate, the total
concentrations of these ions can be easily estimated by measuring total
conductivity of the water sample and converting the results to Total Dissolved
Solids (TDS). Thus, TDS measurements are often used to monitor the mineral
concentrations of cooling water. Since scaling reduces the efficiency of heat
exchangers, the concentrations of minerals in the cooling water must be
controlled.

Silica is another mineral, which has been reported to be involved in forming
scale. In this regard, Hawaii's surface water contains low concentrations of
silica relative to the silica concentrations in Hawaii's groundwater. Since
groundwater is the source of most of Honolulu's potable water, consideration
of the effects of silica in scaling should be considered if Hawaii's groundwater
source is used for cooling towers.

Other water quality parameters such as temperature, alkalinity, acidity,
salinity and biofilm or growth of microorganisms are also known to also
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enhance scaling. Often, scaling will involve one layer of minerals, followed
by layers of minerals combined with biolfilm. Therefore, treatment with
disinfectants can destroy some microorganisms involved in biofilm formation.
Thus, disinfection can significantly reduce scale formation.

3. BiofoulinglBiofilm Formation. Biofouling and biofilm are terms used to
describe excessive growth of microorganisms in the water or surfaces. In this
study, the term biofouling will be used to describe excessive growth of
microorganisms in water that results in obvious changes (foam, smell) in
water quality. The term biofilm will be used to describe the process by which
microorganisms colonize or grow on surfaces ofpipes and heat exchangers.
The metabolic diversity of the different kinds ofmicroorganisms (bacteria,
algae, fungi, protozoa) that can grow to form biofilm under different
environmental conditions ensures that some biofilm will form under most
aqueous conditions (McCoy, 1980). Biofilm is comprised of mixed
populations of microorganisms that interact with the chemical composition of
that surface. This interaction ofmicrobial populations with chemicals to form
biofilm is one mechanism by which these microbial populations become more
resistant to elevated treatments with disinfectants. Another known
complication is that treatment with disinfectants such as chlorine or ozone will
preferentially disinfect some populations ofmicroorganisms in the biofilm.
These variables can change the microbial population in biofilm and therefore
disinfectants may enhance corrosion under some conditions and enhance
scaling under other conditions. The significance of biofilm is that microbial
activity occurs continuously and the layer of biofilm can increase when
nutrients and other favorable growth conditions become available. Biofilm
can interfere with efficient heat transfer and under some conditions will even
interfere with the flow of water.

The growth of Legionella bacteria in cooling tower water is one of the dangers
related to the operation of cooling towers because this genus ofpathogenic
bacteria will grow in cooling water. There have been many cases where
cooling towers were identified as the source for the transmission of this
bacterium to humans. Legionella infections can be serious and is sometimes
fatal. The largest outbreak of Legionella was recently reported in Spain where
800 suspected cases with 449 confirmed cases were reported because of an
improperly maintained cooling tower (Legionella E-news, 2003). New
Zealand has recently recognized the risk ofLegionella transmission by
cooling towers and has recommended more testing for this pathogen in
cooling tower waters (Legionella E-news, 2003). Since growth and
transmission of Legionella bacteria is a potential problem for all cooling tower
operations, this source of water must be continuously disinfected. Culture
methods for Legionella bacteria are difficult, inefficient and very slow. For
this study, water samples were not tested for Legionella bacteria. Since
effective disinfection of cooling water is one of the best ways to prevent
excessive growth of Legionella bacteria, cooling tower operations must
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provide data that their disinfection system is effective. In this study, we
assessed the efficiency of the BANTAM disinfection system by measuring the
chlorine concentrations in the water and its impact on controlling the
concentrations of the key groups of bacteria (total heterotrophic, coliform,
spores), which may be present in cooling waters.

4. Quality of make-up and sump water. The quality of make-up water plays a
major role in the quality of the sump water by two mechanisms. First, the
make-up water is used to dilute the sump water. Second, the contaminants in
the make-up water are enriched in the sump water following the evaporation
process. The volume of make-up water varies but may range from 10 - 25%
of the volume of the sump water. Thus, the quality of make-up water can be
expected to determine how much make-up water is added to the sump water
and how much of the sump water should be discarded to reduce the levels of
contaminants in the remaining sump water. By using good quality (low
concentrations of minerals, TDS, organics, nutrients, physical particles,
turbidity, acidity) make-up water such as potable water, the frequency and
volume of discharging blowdown water will be reduced. However, potable
water is too valuable a source when it is used for non-potable needs. As a
result, many cooling towers use natural sources of water for make-up water,
which contain various concentrations of contaminants. A suggested guideline
for acceptable levels of various contaminants in cooling tower make-up water
is shown in Table 1. This table shows that make-up water can contain
relatively high levels of contaminants and may still be acceptable for use in
cooling towers because the primary role of water is to absorb heat from heat
exchangers and to transport this heat away from the condensers. However, as
stated earlier, the quality of the cooling water will determine the potential for
problems (corrosion, scaling, biofilm formation) related to efficient heat
exchange in the operation ofCACS.

5. Blowdown or Discharge Water. Periodically, some portion of the water in
the sump water becomes so concentrated with total solids that it must be
blown away or discharged. This blowdown water is considered a polluted
source of water and a point source ofpollution. As a result, permits such as
an NPDES are required before this blowdown water can be properly
discharged. A permit to discharge blowdown water into a sewer line is
usually granted because the contaminants in blowdown water are minimal
when compared to other things that are discharged into the sewer line.
However, if the cooling tower is not located near a sewer line, the blowdown
water will be discharged into storm drains, streams, lagoons, rivers, coastal
water or wells. These options are likely in many countries but not in countries
that have adopted environmental regulations established by the USEPA.
These regulations have been developed to prevent environmental water
pollution that may impact human health, environmental health or aesthetic
(visual, smell) appeal. For example, the spirit of the Storm Water Rule is that
only water naturally flowing into storm drains are allowed to flow into storm
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drains. Since blowdown water from an open cooling tower is a man-made
source of water, it does not qualify for discharge into storm drains. Although
all regulations allow for some exceptions, an approved permit for the
discharge of blowdown water from an open cooling tower to a storm drain has
not yet been approved in the State ofHawaii. This information was obtained
based on telephone discussions with Gerald Takayesu of the City and County
ofHonolulu (CCH) and Alec Wong of the Hawaii State Department of
Health. An applicant desiring a permit to discharge blowdown water into
ambient receiving waters such as streams or storm drains will be required to
provide extensive water quality data to demonstrate that the discharge of
blowdown water will not have undesirable impact on human health, on
environmental health and on aesthetic appeal. This process can be expected to
be costly. When this permit is approved by DOH, a second permit will be
required from CCH. However, this second permit is less demanding, if the
DOH has approved the permit. In countries that have not adopted
environmental regulations established by the USEPA, there are usually less
requirements to assess the impact ofwaste into receiving waters . Under these
conditions, blowdown water will most likely be discharged into the closest
receiving waters such as streams, storm drains or sewer lines.

6. Treatment and/or Re-use of Blowdown Water. The blowdown water can
be treated to reduce the concentrations of contaminants. Depending on the
treatment used, the treated blowdown water can be made suitable for
discharge into storm drains, streams and coastal water or to meet the
requirements for many uses. However, treatment of blowdown water is
another expense. The expense of treatment can be justified if the blowdown
water is considered a valuable source of water to be re-used. The first
approach is to consider the use of the blowdown water without further
treatment and without the need for a permit.

In this regard, use of blowdown water for irrigation (potted plants, lawn) on
the commercial or hotel building site without causing run-off into storm
drains, streams or coastal water is an obvious choice because no permits will
be required under these conditions. However, the quality of the blowdown
water must first be shown to be acceptable for irrigation of the plants in
question. If one or a few contaminants in the blowdown water are slightly
elevated, this water can be diluted with other sources of water to make the
water suitable for irrigation. Another approach is to use blowdown water for a
purpose after which the water is discharged into the sewer line. The most
obvious example is to use blowdown water for urinals, for flushing toilets or
some washing requirements by the hotels. Another re-use potential is to treat
blowdown water so it can be used as make-up water.
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II. DESCRIPTION OF THE STUDY

A. Identification of the Study Problem

Centralized Air Condition Systems (CACS) rely on proper management of its cooling
tower to cool the heated water, to collect the cooled water and finally to treat this
water so it can again be used as cooling water. Traditionally, concentrated forms of
chlorine (gas, liquid, powder) have been used to disinfect the sump water. However,
recent regulations on the continued use of concentrated forms of chlorine related to
their transportation, storage, handling, as well as impact on the environment have
increased the cost and liability in continuing this technology. As a result, there is a
need to find a system that can produce chlorine or some other oxidant on demand so
the oxidant is made on site and only at concentrations to be used as a disinfectant.
This kind of technology will overcome the problems associated with storage and
handling ofhazardous chemicals such as concentrated chlorine gas or powdered
chlorine. One such system is to use the process of electrolysis in which an aqueous
solution of salt (sodium chloride) is passed through an electric current. As the
sodium chloride is dissolved in water , it dissociates into sodium cations and chloride
anions. Water and sodium are then oxidized at the anode, resulting in the formation
of chlorine gas, which dissociates to form traditional and effective disinfecting
species such as hypochlorous acid and hypochlorite ion. Electrolysis to produce
chlorine is not a new process and was reported even before 1900. However, this
system was discontinued because it was reported to be inefficient when compared to
using concentrated forms of chlorine (chlorine gas). As a result , use of concentrated
chlorine has been the traditional method of chlorinating water for the past 100 years.

In Hawaii over the past 10 years , Kilpatrick Enterprises/Wai Ea Hui/Diatomic
Systems have improved their operating electrolysis system: The system today is
called the Electrocel Technology System (ETS) and has been optimized to disinfect
sump water in cooling towers. ETS is a modification and improvement of the basic
electrolysis system and has been designed to fill the need as an alternative system that
can produce chlorine on demand and eliminate the need to handle concentrated forms
of chlorine. ETS uses the more recently developed two-compartment membrane cell
(White, 1986) that separates the anode and cathode compartments. A diagram of the
BANTAM unit used by ETS is shown in Figure 2. The use of this selective cation
exchange membrane greatly increases the efficiency in producing mixed oxidants
such as chlorine, chlorine dioxide, ozone and hydrogen peroxide. This system also
includes some built-in safety features that make this system safer to use and easier to
operate. A significant strategy ofETS is that it uses refined (food grade) table salt
(NaCl) as its starting compound. This purified salt is not contaminated with any
hazardous chemicals so this product can be easily obtained, transported and safely
stored. Some hotels in Honolulu have switched to using ETS for their cooling towers
and have reported that use of this alternative technology is effective, safe, economical
and has eliminated most of the problems associated with ordering, transporting,
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storage and handling of a hazardous chemical such as chlorine gas. It should be noted
that although the ETS system has been successfully used to treat cooling tower water
in highly urbanized areas ofHonolulu, this technology is also especially applicable
for remote Pacific Islands, where simple, inexpensive and appropriate technology is
sorely needed.

In summary, despite the apparent success in the use of ETS over the past decade to
control biofilm and to maintain the efficiency of cooling towers, many people are not
convinced that ETS should be used because it is still considered a new alternative
system and does not have a long history of use by many different users. A significant
limitation in convincing others to use ETS has been the lack of available water quality
data to document the effectiveness of the ETS to treat cooling tower water as
compared to more traditional systems. Thus , there is aneed for a research study to
document the concentrations of various contaminants in ETS treated cooling water
and to compare the results with other operating systems. The water quality data
obtained in ETS systems can then be used to compare the performance of ETS with
other systems.

B. Project Goal and Objectives

The overall goal of this study was to conduct a short term or Phase I study to obtain
basic water quality data needed to evaluate the performance of ETS as an effective
means of treating cooling tower water. To evaluate the performance of the ETS,
selected water quality parameters were measured to address the following specific
objectives:

1. To confirm that the ETS practice of adding sufficient make-up water and
discharging sufficient blowdown water is effective in controlling contaminants in
the sump water used as cooling water.

2. To determine whether the concentrations of mineral ions in the sump water are
adequate to control corrosion and/or scaling ofheat exchangers so that exchangers
can operate efficiently. Moreover, to determine whether the concentrations of
mineral ions in the sump water exceed concentrations that have been reported to
be detrimental to public health and the environment.

3. To determine whether the BANTAM electrolysis unit is effective in disinfecting
the sump water as a means to control microbial growth in the cooling water and in
the formation of biofilm so that heat exchangers can operate efficiently.

4. To determine whether the quality of blowdown water is suitable for discharge into
environmental sources such as storm drains, streams, coastal waters or wells.

5. To determine whether the quality of blowdown water is suitable for re-use .
6. To compare the quality of cooling tower water treated by ETS as compared to

currently accepted treatment methods.
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c. Sampling Sites and Sampling Regime

Currently, there are approximately over 20 sites in the State ofHawaii where ETS has
been installed to treat condenser cooling water. These include Sheraton Waikiki
Hotel , Sheraton Princess Kaiulani Hotel, Sheraton Moana Surfrider Hotel, Kapiolani
Medical Center at Pali Momi, Outrigger Waikiki Hotel, Duty Free Shoppers Waikiki,
and two sites on the island of Maui, Wailea Marriot and Embassy Suites Resort.

For this study the condenser cooling water at the following three hotels were selected
for analysis:
1. Sheraton Waikiki Hotel (SW)
2. Outrigger Islander Hotel (01)
3. Outrigger Malia Hotel (OM)

The following three water samples were obtained from the cooling tower from each
of the three hotels and analyzed for selected water quality parameters every other
month for a total of three months:
1. The in-put water (Make-up)
2. The out-put water (Blowdown)
3. The re-circulating, cooling water (Sump)

D. Experimental Design

During the entire sampling period, two (SW, 01) of the three cooling towers were
continuously being treated by the ETS. Therefore, cooling tower water samples from
these two hotels represent the quality of water treated by ETS. The cooling tower
from the third hotel (OM) was treated by a traditional method during the first two
sampling periods. However, ETS was then installed to treat this cooling tower and
the third water sample from this hotel represents water treated by ETS. Thus, OM
will be used to compare the quality of traditional means of treating sump water as
compared to treating sump water by ETS.

The experimental design of this study was to measure selected water quality
parameters to address each of the five stated study objectives.

The following water quality parameters were measured to address Objective 1 and 2:
1. Total Dissolved Solids (TDS)
2. Mineral Content

a. Cations (Calcium, Magnesium, Sodium, Silica, Iron)
b. Anions (Chloride, Sulfates)

3. pH
4. Turbidity
5. Inspectra for UV absorbing compounds
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The following water quality parameters were measured to address Objective 3:
I. Chlorine Residual
2. Nutrient Load:

a. Phosphates
b. Nitrates

3. Total (heterotrophic) bacterial counts (HPC)
4. Total aerobic spores
5. Total anaerobic spores
6. ATP Assay

The following water quality parameters were measured to address Objective 4 and 5:
I. Toxic chemicals in water (Microtox Assay)
2. Fecal Bacteria (coliform bacteria, E. coli)

E. Methods of Assay

1. Minerals. In the re-circulating water for cooling towers , minerals are the major
cause of scaling. For this study the Dionex DX-120 Ion Exchange
Chromatograph was used to determine the concentrations (mg/l) of calcium,
magnesium, sodium, sulfate, phosphates, nitrates and chloride. Iron and silicon
was analyzed by the Agricultural Diagnostic Service Center at the University of
Hawaii.

2. Total Dissolved Solids (TDS). TDS is often measured indirectly based on
conductivity measurements of the water sample. For this study, TDS was
measured directly by gravimetric assay. Briefly, glass fiber filters were initially
rinsed with three washes of distilled water and allowed to air dry. One hundred
fifty milliliters of sample was then filtered through the glass fiber filter and the
filtrate collected. The filtrate was then placed into a ceramic dish and placed
above a boiling water bath and the water allowed to evaporate off. The solids in
the dish was then dried completely by placing it overnight in a 180°C oven,
cooled to room temperature and weighed as mg/l of total dissolved solids (TDS).

3. pH. The degree of acidity or alkalinity of a water sample can be measured by
determining the hydrogen ion concentration on a logarithmic scale from pH 1-14.
The control of pH is an important part in the maintenance of cooling towers
because it can have an effect on scale formation. For this study, pH was
measured using a portable pH meter and read on-site during the sampling process.

4. Turbidity. Turbidity is a measure of total suspended and colloidal matter in a
given water sample and can be measured optically by the degree to which light is
scattered. For this study, turbidity was measured using an optical turbidimeter
(HACH model 2100A) and the results reported as nephlometric units (NTU).
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5. Chlorine. Chlorine is the major oxidant or disinfectant being produced by the
BANTAM unit. For this study, the concentrations (mg/l) of total and free
chlorine in the cooling tower water samples were measured using the HACH kit.

6. Total or Heterotrophic Bacteria. Heterotrophic bacteria represent all of the
bacteria that can be cultured using a standard bacterial growth medium. For this
study, the concentrations (CFU/lOO ml) of total heterotrophic bacteria were
determined by filtering 100 ml of water sample through a 0.45 urn filter (Gelman)
and placed on HPC agar medium and incubated for 3 - 5 days at room
temperature (25°C). After the incubation period, all visible colony forming units
(CFU) per 100 ml were counted.

7. Aerobic and Anaerobic Bacterial Spores. Spores represent the most heat
resistant form of bacteria. For this study, the water samples were initially heat
treated in a waterbath set at 60°C for 15 minutes. This step will destroy all
vegetative bacteria and only the spores will remain viable . The heat-treated
samples were then filtered through a 0.45 urn filter (Gelman) and the filters
placed on Heterotrophic Plate Count medium. One set of filters was incubated at
37°C under ambient (aerobic) conditions to culture spores that can grow under
aerobic conditions. The second set was incubated at 37°C under anaerobic
conditions to culture spores that can grow in the absence of oxygen. After 18 - 24
hours of incubation, the colonies were counted and measured as CFU per 100 ml
of aerobic or anaerobic spores.

8. Coliform Bacteria/Escherichia coli. Coliform bacteria represent a group of
bacteria which includes many fecal bacteria such as E. coli. The concentration of
this group of bacteria is used to determine the degree to which the water sample is
contaminated with fecal matter . Traditionally, risk assessment for human
infections with fecal borne pathogens has been based on concentrations of fecal
bacteria in water. For this study the Colilert System was used to measure for
concentration of total coliforms and Escherichia coli in each water sample. This
assay involves the use of a powdered reagent, which is dissolved into 100 ml of
the sample water and distributes this water into many small wells using a
specially designed quanti-tray container. After incubation at 35°C for 18 - 24
hours the number of wells, which turns yellow represent the concentrations of
coliforms whereas the number of wells, which fluoresces when exposed to UV
light represent the concentrations of E. coli as MPN/I00 ml (Most Probable
Number per 100 ml).

9. ATP (Adenosine Triphosphate). ATP is an essential metabolic compound
found in all living organisms. Therefore the total amount of viable bacteria can
be measured based on the total ATP detected in a given water sample. For this
study, the Pallchek luminometer system was used to measure total ATP. The
luminometer is a instrument that measure light and can measure light given offby
a reaction between the reagents and the ATP found in these organisms. The
amount of light given off during a reaction indicates the concentrations of total
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microbial population in a given water sample. The method involves the use of
ATP free material (water, funnels , graduated cylinder, etc.). Initially, 300 ml of
ATP free water is passed over a membrane filter. This was followed by the
filtration of 300 - 500 ml of cooling tower water samples. Reagents were then
spread across the filter and the luminescence was measured using the Pallchek
luminometer. All measurements were then recorded as Relative Light Units
(RLU) per 100 ml of sample. This method was used to determine its feasibility
for use by cooling tower operators since it can provide results regarding bacterial
load in a few minutes.

10. Microtoxt" Bioassay Test for Toxicity. Microtox'>', is a method developed by
Strategic Diagnostic, Inc. (SDI). This method is a biosensor-based measurement
system which uses freeze dried luminescent bacteria (Photobacterium
phosphoreum) as the test microorganism. For this study, water samples were
initially added to this freeze dried bacteria. Water activates the metabolism of this
bacteria and this is measured by luminescence. If toxic chemicals are present in
the water sample it will inhibit the metabolic capacity of the bacteria and the
degree of toxicity can be measured by the loss of luminescence. The advantage of
this method is that it can provide results in minutes and the method has been used
to detect the toxicity of thousands of known toxic chemicals.

11. Inspectra. The Inspectra Analyzer is an instrument developed by AZUR
Environmental and is utilized for the rapid estimation of water quality parameters.
These parameters include TSS (Total Suspended Solids) , COD (Chemical Oxygen
Demand), BOD (Biochemical Oxygen Demand), TOC (Total Organic Carbon),
N03 (Nitrates), SUR (Surfactants). Results for these parameters were obtained by
placing 1 ml of each cooling tower water sample into a quartz sample cuvette
holder. The Inspectra analyzer then uses a specially developed pulsed deuterium
lamp to determine the concentrations (mg/l or ppm) of these parameters in the
water sample. This method was employed to determine if it is useful for cooling
tower operators since it can provide results for several water quality parameters
within minutes and requires no reagents.
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III. RESULTS, DISCUSSION AND CONCLUSIONS

A. Objective 1: To confirm that the ETS practice of adding sufficient make-up water
and discharging sufficient blowdown water is effective in controlling contaminants
in the sump water used as cooling water.

Objective 1 was addressed by comparing the concentrations of minerals, pH and turbidity in
the make-up water, the sump water and water from cooling towers at the Sheraton Waikiki
(SW) , and Outrigger Islander Hotel (01). The results (Table 2, Figure 3 - 4) show that the
concentrations of all contaminants are much lower in the make-up water as compared to the
sump and blowdown water. These results reflect the fact that the source of the make-up
water is the high quality, potable water provided by the Honolulu Board of Water Supply
(HBWS). The concentrations of the minerals in the make-up water are similar to those
reported by the HBWS. The higher concentrations ofminerals and other contaminants in the
sump and blowdown water reflect the enrichment of these contaminants due to evaporation.
For example, the results in Table 2 show that the average TDS for make-up water at SW was
218 mg/l while the average TDS for make-up for 01 was 233 mg/l, In contrast, higher
concentrations ofTDS (672 - 813 mg/l) were determined for the sump water from these two
hotels. The TDS (696 - 869 mg/l) readings for blowdown water from these two hotels were
similar to that of sump water. These results support the practice ofusing conductivity meter
sensing procedures used by ETS for the purpose of determining the amount of make-up water
and the amount of blowdown water to effectively preventing excessive concentrations of
minerals from building up in the sump water . This conclusion was supported by the
observation that the relative concentrations of the other minerals in the make-up water, the
sump water and blowdown water were similar to that observed for TDS measurements.

One way to calculate the efficiency of the practice of adding make-up water and discharging
blowdown water is to determine the cycles of concentration, which EPA (1992) defmes as
the approximate number of times that the cooling tower water is re-circulated. EPA (1992)
reported that the cycles of concentrations can be calculated by determining the ratio of a
concentration of a given ion or compound in the blowdown water to the concentration in the
make-up water. Based on the ratio ofTDS measurements at SW is 869/218, the cycles of
concentration were determined to be 4.0 cycles whereas the ratio ofTDS measurement at 01
(696/233) were determined to be 3.0 cycles. Based on the ratio of calcium measurements at
SW (72/21), the cycles of concentration were determined to be 3.4 cycles whereas the cycles
of concentration for 01 (47/21) were determined to be 2.2 cycles. According to the EPA
(1992) , most cooling systems are operated at the range of 5 - 10 cycles of concentrations.
Based on the report by the EPA (1992), the number of cycles of concentrations used by the
ETS can be increased. However, Tchobanoglous et al. (2003) states that between 3 to 7
cycles, some of the dissolved solids in the circulating water can exceed their solubility limits
and will precipitate, causing scale formation in pipes and condensers. Thus, based on the
report by Tchobanoglous et al. (2003), the cycles of concentrations used by ETS are
appropriate.
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B. Objective 2: To determine whether the concentrations of mineral ions in the sump
water are adequate to control corrosion and/or scaling of heat exchangers so that
exchangers can operate efficiently.

Objective 2 was addressed by initially determining the concentrations of selected water
quality parameters from sump water samples from Sheraton Waikiki (SW) and Outrigger
Islander Hotel (OI) . The concentrations of known water quality parameters in sump waters ,
which have been reported to be involved in corrosion and scaling, are summarized in
Table 2. To determine whether the concentrations of minerals ions in these sump waters
would likely cause corrosion of scaling in the heat exchangers, the concentrations of the
water quality parameters were compared against two lists of recommended water quality
parameters. The first list (Table 1) includes an extensive (20) recommended water quality
parameters for make-up water. It should be noted that the quality of make-up should be much
higher than sump water. The primary reasons why this set of water quality parameters was
used to compare with those of sump water was the availability of many water quality
parameters to compare with and the fact that this list has been used by EPA. The second list

. (Table lA) represents recommended water quality parameters for sump water and therefore
the levels of contaminants from this list can be directly compared to that of the parameters in
measured in sump waters. However, this list is of limited value because it contains only 6
water quality parameters.

When the sump water quality from Table 2 were compared with make-up water quality in
Table 1, some water quality parameters such as turbidity (1.2 - 1.6 NTU), pH (8.4 - 8.5),
chloride (417 - 482 mg/l) , iron «1 mg/l) and sulfates (29 - 49 mg/l) were either in the range
of or below the limits recommended for make-up water. Some water quality parameters such
as Ca (47 - 71 mg/l) were close to the recommended level for make-up water (50 mg/l) but
much less than the recommended level for sump water (800 mg/l). The TDS levels
(671 - 813 mg/l) for sump water were slightly above the maximum limit for make-up water
(500 mg/l) and the Mg levels (42 - 58 mg/l) exceeded the recommended level for make-up
water (0.5 mg/l). The recommended limit for TDS, Mg, and Na (160 - 164 mg/l) were not
listed in Table lA but these concentrations appear to be acceptable for sump water. Only the
levels of silica (207 - 256 mg/l) exceeded the recommended level of 150 mg/l for sump water
(Table lA). Silica is a known component of the groundwater from Oahu, which is the source
of water for the cooling towers used in ETS. Taken together, these results indicate that the
concentrations ofminerals in the cooling water for SW and OI are below the levels to
precipitate out of solution to cause problems related to scaling. However, it is well known
that minerals precipitate out of solution under different concentrations of temperature, pH,
ratio of contaminants and presence of other compounds, which may be present in sump
water. In this regard, the set of conditions at most sites are often unique. Therefore, we
recommend that the quality of the sump or cooling water at all installation sites be correlated
to observations made by the operators of the cooling towers at these installation sites as to
conditions or frequency of scaling problems. In this regard, operators using the ETS
treatment in Hawaii have reported no problems related to tube scaling during active ETS
treatment.
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c. Objective 3: To determine whether the BANTAM electrolysis unit is effective in
disinfecting the sump water as a means to control microbial growth in the cooling
water and in the formation of biofilm so that heat exchangers can operate
efficiently.

Objective 3 was addressed by determining the concentrations of disinfectant (chlorine),
nutrients (phosphate, nitrates) and bacteria (total heterotrophic bacteria, aerobic bacterial
spores, anaerobic bacterial spores) in make-up, blowdown but especially in the cooling
(sump) water samples obtained from SW and 01 cooling towers. The results (Table 3, Figure
6 - 7) show that the total and free chlorine were not detected in make-up water samples.
These results reflect the fact that potable water provided by HBWS has historically contained
low to undetectable levels of chlorine. The concentrations of total heterotrophic bacteria
(THB) in the make-up water for SW (2.1 x 103 CFU/I00 ml) and 01 (1.3 x 102 CFU/100 ml)
were similar to the levels reported by HBWS and well below the recommended level for
potable water (5 x 103 CFU/lOO ml). Chlorine was detected in the sump and blowdown
water samples from SW and 01. These results confirm that the BANTAM units at these two
towers were operating reliably to disinfect the sump water. In this regard, lower
concentrations of total chlorine (0.32 - 0.33 mg/l) and free chlorine (0.21 - 0.38 mg/l) were
detected in the sump and blowdown water samples from SW and higher concentrations of
total chlorine (0.73 - 1.08 mg/l) and free chlorine (0.53 - 0.85 mg/l) were measured in sump
and blowdown water samples from OL The concentrations of total heterotrophic bacteria in
the sump and blowdown water samples from both SW and 01 were low, ranging from 1.32 
3.52 x 103 CFU/I00 ml indicating that the chlorine residuals were effective in restricting
multiplication of bacteria in the sump. The presence of aerobic and anaerobic spores in the
sump and blowdown water from SW and 01 ranged from 17 - 1.33 x 103 CFU/I00 ml
indicating that some percentage of the population of bacteria measured as total heterotrophic
bacteria are due to bacterial spores, which are very resistant to disinfection.

The concentrations ofnutrients such as nitrate were low in the make-up water from SW and
01 (2.06 - 2.12 mg/l) and as expected increased in the sump water (4.56 - 8.84 mg/l) and
blowdown water (4.64 - 7.73 mg/l) at these two hotels. Phosphate levels were more sporadic
but lower concentrations were measured in the make-up water (0.0 - 0.87 mg/l) as compared
to the sump (0.98 - 1.92 mg/l) and blowdown (1.80 - 1.83 mg/l) water samples. Theses
results indicate that without disinfection, nutrients are available to support the multiplication
of bacteria, algae and fungi in the sump water. It should be noted that the concentrations of
total heterotrophic bacteria in all water samples were well below the general ~uidelines of
limiting heterotrophic bacterial concentrations to less than 104 CFU/ml or 10 CFU/100 ml
for cooling water (McCoy, 1980). Finally results of the ATP method show levels of 104

-
5

RLU/lOO ml, indicating that this rapid assay could be used to rapidly determine
concentrations of total heterotrophic bacteria within a few minutes.

In summary, the sump water represents the environment that is most suitable for
multiplication of microorganisms. The detection of total and free chlorine in the sump and
blowdown water indicates that these chlorine species as well as other oxidants such as
chlorine dioxide and ozone are effectively controlling microbial growth in the sump and
blowdown water. These results show that the BANTAM unit is reliably producing chlorine
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and other oxidants to effectively disinfect the cooling water. By limiting the growth of
microorganisms in the sump water, the BANTAM disinfection unit is effectively limiting
microbial biofilm formation on the heat exchangers. However, the problems related to actual
biofilm formation must be confirmed by the observations of the operators of the cooling
towers at these two hotels. The effectiveness of the BANTAM disinfection system is
positive evidence that microbial growth in the cooling water is being controlled. These
results indicate that best management practice is in place to control the potential transmission
ofLegionella bacteria. However, there is always some risk for transmission of Legionella
bacteria in the operation of cooling towers because this bacteria can become protected from
chlorine disinfection and because aerosolized water is the size of water particles that will
enter human lungs.

D. Objective 4: To determine whether the quality of blowdown water is suitable for
discharge into environmental sources such as storm drains, streams, coastal waters
or wells.

Objective 4 was assessed by determining the concentrations of contaminants related to health
effects such as total coliform, E. coli, toxicity in the make-up, sump water and the blowdown
water from SW and 01. These water quality parameters were measured because these
contaminants are regulated in environmental waters. Special consideration was given to the
quality of the blowdown water because this water is being considered for the possible
discharge into environmental water. The results (Table 4) show that the make-up water was
free of total coliform and E. coli. It must be noted that potable water is the source of make
up water and the quality of potable must be free of these bacteria. The average concentrations
of total coliform were extremely low «1 MPN/I00 ml) in the sump water samples from SW
and 01. Significantly, E. coli, the more specific fecal bacteria, was not detected in any of
these water samples. These results (Table 4) show that the cooling towers are not being
significantly contaminated with feces of animals such as birds. These results provide
additional evidence that the disinfection system provided by the BANTAM unit is effective
in disinfecting the sump water in these units . Samples of make-up, sump and blowdown
water were analyzed for the presence of acutely toxic chemicals using the Microtox" assay
system. The results (Table 4) show that all water samples including the blowdown water
from SW and 01 were negative for the presence of acutely toxic chemicals. The absence of
these two health related contaminants (fecal bacteria, toxic chemical) in the blowdown water
provide evidence that the blowdown water treated by ETS meets the basic health related
criteria and will not likely be a source of basic health related contaminants if discharged into
environmental waters such as storm drains , streams or coastal waters. However, it is likely
that a permit will be required to discharge blowdown water to environmental waters and
there will likely be other criteria to satisfy before the Hawaii State Department of Health will
grant a permit.
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E. Objective 5: To determine whether the quality of blowdown water is suitable for
re-use.

Objective 5 was addressed by comparing the contaminants in blowdown water from SW and
01 to guidelines for reuse. Since irrigation is the most likely use for the blowdown water, the
concentrations of contaminants in the blowdown water as summarized in Table 2 were
compared to a list (Table 5) of contaminants in water, which may restrict its use for
irrigation. The results from Table 2 show that concentrations ofTDS (696 - 869 mg/l) is
slightly above the moderately restrictive use concentrations of 450 - 2000 mg/l,
Concentrations of chlorine, and iron in sump water were variable and occasionally exceeded
the levels to classify this water as moderate in terms of restriction for irrigation. However,
the average concentrations of chloride (460 - 486 mg/l) exceeded the severe level of>350
mg/l for sensitive crops and the average concentration of sodium (161 - 165 mg/l) exceeded
the severe level of>100 mg/l for sensitive crops. Thus, based on sodium and chloride
concentrations, the blowdown water use may be severely restricted for irrigation of sensitive
crops. However, these levels of sodium and chloride may be suitable to irrigate some salt
tolerant crops. It should be noted that the elevated concentrations of sodium and chloride in
the blowdown water are by-products of electrolysis ofNaCI and are the necessary tradeoff
for the high degree of biocidal disinfection. Experiments should be conducted to determine
the type of plants or grass that will most likely be irrigated and to conduct pilot scale studies
to irrigate selected plants and grass with the blowdown water. Consideration should also be
given to diluting the blowdown water with other sources of water as a practical means to
reduce the concentrations of sodium and chloride in water before irrigation. As discussed
earlier, consideration should be given to uses of blowdown water, which is ultimately
discharged into the sewer line. The most obvious example is to use blowdown water for
urinals, for flushing toilets or some washing requirements by the hotels. Another re-use
potential is to treat blowdown water so it can be used for many other purposes, including
make-up water.

F. Objective 6: To compare the quality of cooling tower water treated by ETS as
compared to currently accepted treatment methods.

Objective 6 was addressed by comparing the quality of cooling tower water obtained from
Outrigger Malia (OM) hotel because this cooling tower was treated using a standard chlorine
or non-ETS system during the first two sampling periods (two months) and switched to the
ETS treatment before the third sampling period (third month). The results (Table 2, Figure
5) show that during the first two samples, concentrations of TDS, pH, turbidity and minerals
in the make-up, sump and blowdown water were generally similar to that observed earlier for
similar water samples from SW and 01. However, the sodium and chloride levels in the
sump and blowdown water from OM during the first two samples were lower than that
observed for SW and 01. This reflects the use ofNaCI by the BANTAM unit.

During the third sampling period, the TDS concentrations in the sump and blowdown water
samples from OM dropped significantly to concentrations similar to that of the make-up
water indicating that the system had not yet stabilized and contaminants in the sump and
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blowdown water had not yet become enriched. However, enrichment ofcalcium,
magnesium, sodium, chloride, silica, and sulfate in the sump and blowdown water samples
from OM was observed during the third sampling period.

The results (Table 6, Figure 8) show that total and free chlorine were detected in the ETS
treated sump and blowdown water samples (sample 3E) but not in the non-ETS treated sump
and blowdown water samples (samples 1 & 2). These results appear to be significant
because slightly higher concentrations of total heterotrophic bacteria (104 CFU/I00 ml) were
measured in the sump and blowdown water during the first two samples when non-ETS
treatment was used. During the third sampling when ETS was used to treat the cooling
tower, the concentration of total heterotrophic bacteria in the sump and blowdown water had
dropped to 102 CFU/I00 ml. Finally, low levels of total coliform bacteria were detected in
the non-ETS treated sump and blowdown water whereas coliform bacteria were not detected
in the ETS treated sump and blowdown water. These latter findings provide preliminary
results that ETS treatment results in higher quality sump and blowdown water than non-ETS
treated water.

G. Summary and Conclusions

The data generated by the Phase I study indicate that ETS management of cooling towers
results in maintaining overall good water quality in the sump and blowdown water. The ETS
water treatment program resulted in adequate mineral levels in the SW and or cooling towers
resulting in low cycles of concentrations (Objective 1) as compared to those levels reported
by the EPA. Additionally, the turbidity and mineral concentration ofSW and or (Objective
2) indicate that the concentrations of minerals in the cooling water are below the levels
expected to cause scaling problems. ETS treated cooling tower water is generally well below
the mineral levels suggested for make-up water (Table 1) and sump water (Table lA).
However, water quality data more specifically related to cooling water used in CACS must
be obtained for proper comparison. Since the sump water is the most likely environment
where microorganisms can multiply, this source of water must be continually disinfected to
maintain low concentrations of bacteria, which will prevent biofilm formation (Objective 3).
The results of this monitoring study showed that measured levels of chlorine in the sump and
blowdown water samples were effective in maintaining low concentrations of total bacteria.
Another objective was to consider the discharge of the blowdown water into environmental
waters such as storm drain, stream, coastal waters or wells (Objective 4).

The absence of fecal bacteria and toxic chemicals (Microtcx'P') in the blowdown water .
provided evidence that the quality of this blowdown water into these environments will not
cause a health problem. However, more comprehensive studies will be required to obtain a
permit to discharge into these environments. The re-use of the blowdown water for irrigation
was another objective considered in this study (Objective 5). When considering the use of
this blowdown water for irrigation, results were compared to levels of contaminants in water
for irrigation as listed in Table 5. Comparison of the mineral levels shows that the limiting
factor is in the elevated concentration of sodium and chloride in the blowdown water. An
assessment of the contribution ofthe NaCI used to generate chlorine as a source of elevated
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sodium and chloride concentrations should be made. However, the use of blowdown water
for irrigation is still a possibility because no permits are required if care is taken not to cause
this irrigated water to flow into environmental waters. Moreover, many plants are salt
tolerant and this blowdown water can be diluted with other sources of water. More research
to evaluate the use of blowdown water as irrigation water is recommended. The last
objective was to compare the quality of water treated with non-ETS and the ETS at the
Outrigger Malia. The available data collected suggests that the disinfection effectiveness of
the ETS system resulted in higher quality sump and blowdown water than non-ETS treated
water (Objective 6).

This study represents the first assessment of the ETS to manage and treat cooling towers
based on measuring selected water quality parameters in the make-up, sump and blowdown
water. An assessment of all of the water quality monitoring data supports the conclusion that
the ETS disinfection system and management procedures are effective in maintaining good
water quality. Maintaining good water quality is a prerequisite to preventing problems such
as scaling and loss of efficiency of heat exchangers. It also provides for some options on how
the blowdown or wastewater from the ETS may be used. The actual costs, safety
performance and operational effectiveness by the operators of ETS were not part of this
assessment.
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Table 1. Recommended Cooling Water Quality Criteria for
Make-up Water to Recirculating Systems

PARAMETERa RECOMMENDED L1MITb

CI 500
TD5 500
Hardness 650
Alkalinity 350
pHc 6.9 - 9.0
COD 75
T55 100
Turbldltv" 50
BOD 25
Oraanics" 1
NH4-N

c 1
P04 4
5i02 50
AI 0.1
Fe 0.5
Mn 0.5
Ca 50
Mg 0.5
HC03 24
504 200

aAll values in mg/I except pH.

bWater Pollution Control Federation, 1989.

cFrom Goldstein et aI., 1979.

dMethylene blue active substances.

Table IA. Recommended Cooling Water Quality Criteria for Sump Water

PARAMETER RECOMMENDED L1MITa

Alkalinitv 600
pH 6.0 - 9.0

5i02 150
Fe 0.3
Ca 800
504 2000

a .
All values in mg/I except pH.
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Table 2. Parameters Involved in the Development of Scale

SAMPLE TDS CATIONS (ppm) ANIONS (ppm)
(Dom) Calcium Maanesium Sodium Silica Iron Chloride Sulfate oH Turb.

Sheraton Waikiki (SW)
SW/MAKEUP 1 205 18.33 19.8 42.82 84.2 0 123.89 15.38 6.95 0.5
SW/MAKEUP 2 207 22.27 20.61 44.67 81.7 0 120.3 15.04 7.86 1
SW/MAKEUP 3 241 21.83 20.52 45.36 84.3 0 121.98 14.83 7.9 1.4
AVERAGE 217.67 20.81 20.31 44.28 83.40 0.00 122.06 15.08 7.57 0.97

SW/SUMP 1 833 72.45 60.85 166.12 297.9 0 512.03 53.63 8.55 0.88
SW/SUMP 2 727 74.33 58.57 160.99 228.3 0.003 490.28 48.64 8.55 1.53
SW/SUMP 3 879 67.17 54.31 152.45 240.7 0 445.06 44.07 8.47 1.4
AVERAGE 813 71.32 57.91 159.85 255.63 0.00 482.46 48.78 8.52 1.27

SW/SLOWDOWN 1 839 72.94 61.37 166 299.9 0 513.04 53.8 8.56 0.8
SW/SLOWDOWN 2 820 75.11 58.89 164.33 240.3 0.003 497.4 49.58 8.6 1.54
SW/SLOWDOWN 3 948 67.59 54.09 153.17 244.4 0.011 447.92 44.23 8.54 2.1
AVERAGE 869 71.88 58.12 161.17 261.53 0.00 486.12 49.20 8.57 1.48

Outrlqqer Islander (01)

Ol/MAKEUP 1 196 18;71 20.51 42.7 85.2 0 123.17 15.12 7.5 0.72
Ol/MAKEUP 2 246 22.1 20.99 47.98 82.1 0 120.17 14.65 7.55 1.4
Ol/MAKEUP 3 256 22.06 20.94 44.78 82.2 0 121.68 14.79 7.75 1.1
AVERAGE 232.67 20.96 20.81 45.15 83.17 0.00 121.67 14.85 7.60 1.07

Ol/SUMP 1 796 42.58 42.34 280.26 251.2 5.76 634.24 25.7 8.36 0.8
Ol/SUMP 2 602 48.64 40.8 110.34 189.7 0 310.43 29.63 8.5 1.5
Ol/SUMP 3 617 49.17 42.54 102.62 180.2 0 306.44 30.94 8.3 2.5
AVERAGE 671.67 46.80 41.89 164.41 207.03 1.92 417.04 28.76 8.39 1.60

Ol/SLOWDOWN 1 817 43.41 42.94 283.98 255.5 5.4 769.32 26.64 8.43 0.76
Ol/SLOWDOWN 2 650 48.83 41.09 108.46 186.6 0 305.2 29.65 8.37 1.5
Ol/SLOWDOWN 3 622 49.35 42.83 102.97 180.8 0 306.16 31.04 8.33 2

AVERAGE 696.33 47.20 42.29 165.14 207.63 1.80 460.23 29.11 8.38 1.42

Outriquer Malia (OM)
OM/MAKEUP 1 212 19.06 21.01 42.77 85.9 0 124.93 15.26 7.9 0.67
OM/MAKEUP 2 187 22.21 21.2 45.12 90.6 0.036 120.39 14.74 7.55 1.5

AVERAGE 199.5 20.64 21.11 43.95 88.25 0.02 122.66 15.00 7.73 1.09

OM/SUMP 1 713 65.94 58.28 154.89 229.5 0 466.7 50.35 8.6 0.93

OM/SUMP 2 537 23.77 22.57 48.47 90.2 0 129.4 15.64 8.15 1.58

AVERAGE 625 44.86 40.43 101.68 159.85 0.00 298.05 33.00 8.38 1.26

OM/SLOWDOWN 1 752 65.98 58.2 154.12 226.8 0 460.27 49.72 8.6 0.55

OM/SLOWDOWN 2 541 24.01 22.93 48.77 87.8 0 131.45 15.9 8.13 1.58
AVERAGE 646.5 45.00 40.57 101.45 157.30 0.00 295.86 32.81 8.37 1.07

OM/MAKEUP(3E) 235 22.17 21.29 45.26 81.7 0 122.18 14.8 7.8 1.4

AVERAGE 235 22.17 21.29 45.26 81.7 0 122.18 14.8 7.8 1.4

OM/SUMP(3E) 253 41.94 36.98 84.29 143.2 0 257.19 26.7 8.22 1.9
AVERAGE 253 41.94 36.98 84.29 143.2 0 257.19 26.7 8.22 1.9

OM/SLOWDOWN(3E) 219 42.16 37.17 84.48 145.1 0.007 257.04 26.7 8.25 2
AVERAGE 219 42.16 37.17 84.48 145.1 0.007 257.04 26.7 8.25 2

Note: 3E = Third samplmg with ETS; TDS = Total dissolved soltds.
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Table 3. Various Biological and Chemical Parameters Involved in Fouling

OXIDANT NUTRIENTS BACTERIAL LOAD
ATP

Free Chlorine Total Chlorine Nitrates Phosphates THB Aerobic Spores Anaerobic Spores {RLUI
SAMPLE (mg/l) (mg/l) (mg/l) (mg/l) (CFUl100 mil (CFUl100 mil (CFUl100 mil 100 mil

Sheraton Waikiki (SW
SW/MAKEUP 1 0 0 2.14 2.62 1.60E+03 1.24E+02 7.33E+01 3.25E+05
SW/MAKEUP2 0 0 1.98 0 2.02E+03 2,48E+01 8.00E+00 4.80E+04
SW/MAKEUP3 0 0 2.06 0 2.77E+03 3.29E+02 2.00E+00 6.80E+04
AVERAGE 0.00 0.00 2.06 0.87 2.08E+03 1.01E+02 1.16E+01 1.02E+05

SW/SUMP 1 0.1 0.2 8.34 2.93 2.72E+03 8.92E+02 1.02E+03 1.00E+05
SW/SUMP 2 0.49 0.7 7.98 0 3.44E+03 1.32E+03 1.25E+03 6.80E+04
SW/SUMP3 0.05 0.1 10.2 0 4.66E+03 1.98E+03 1.18E+03 1.64E+05
AVERAGE 0.21 0.33 8.84 0.98 3.52E+03 1.33E+03 1.14E+03 1.04E+05

SW/BLOWDOWN 1 0.5 0.05 8.36 2.85 1.86E+03 5.88E+02 5,44E+02 6.00E+04
SW/BLOWDOWN 2 0.51 0.7 8.02 2.64 7,40E+02 3.32E+02 4,49E+02 2.80E+04
SW/BLOWDOWN 3 0.12 0.2 6.81 0 2.10E+03 3.14E+03 8.76E+02 6.20E+04
AVERAGE 0.38 0.32 7.73 1.83 1,43E+03 8.50E+02 5.98E+02 4.71E+04

Outrlaoer Islander (01
Ol/MAKEUP 1 0 0 2.06 0 6.69E+01 7.84E+01 2.92E+01 5.00E+04
Ol/MAKEUP 2 0 0 2.11 0 3.10E+01 2.00E+00 O.OOE+OO 6.00E+04
Ol/MAKEUP 3 0 0 2.18 0 1.04E+03 4.00E+00 O.OOE+OO 2,40E+04
AVERAGE 0.00 0.00 2.12 0.00 1.30E+02 9.60E+00 2.12E+00 4.16E+04
Ol/SUMP 1 0.8 1.1 4.11 5.76 1.42E+03 1.87E+02 1.71E+02 1.10E+05
Ol/SUMP 2 0.45 0.55 4.65 0 3.60E+03 3.30E+01 2.24E+01 4.00E+04
Ol/SUMP 3 1.3 1.6 4.93 0 4.52E+02 1.83E+01 2.83E+00 1.20E+05
AVERAGE 0.85 1.08 4.56 1.92 1.32E+03 4.88E+01 2.39E+01 8.08E+04
Ol/BLOWDOWN 1 0.3 0.55 4.37 5,4 2.43E+03 2.09E+02 1.79E+02 4.00E+05
Ol/BLOWDOWN 2 0 0.15 4.66 0 2.72E+03 4.76E+01 3.21E+01 1.52E+05
Ol/BLOWDOWN 3 1.3 1.5 4.89 0 8,40E+02 1,41E+01 O.OOE+OO 1.16E+05
AVERAGE 0.53 0.73 4.64 1.80 1.77E+03 5.27E+01 1.71E+01 1.92E+05

Note. CFU - Colony fonnmg urnts; RLU - Relative hght umts.
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Table 4. Parameters Involved in Health and Reuse Issues
MICROTOX TOTAL COLIFORM E.Coli

SAMPLE (% EFFECT) (MPN/100 ml) (MPN/100 ml)

Sheraton Waikiki (SWl

SW/MAKEUP 1 2.880859375 O.OOE+OO 0

SW/MAKEUP 1 -14.28571429 O.OOE+OO 0

SW/MAKEUP 1 -8.825910931 O.OOE+OO 0

AVERAGE -6.74 0 0

SW/SUMP 3.531743223 4.61E+02 0

SW/SUMP -6.773823192 O.OOE+OO 0

SW/SUMP 3.280805993 O.OOE+OO 0

AVERAGE 0.01 7.73E-01 0

SW/BLOWDOWN -2.524630542 O.OOE+OO 0

SW/BLOWDOWN 2.84629981 O.OOE+OO 0

SW/BLOWDOWN -2.46749409 O.OOE+OO 0

AVERAGE -0.72 0 0

Outriacer Islander (01)

Ol/MAKEUP -5.536750484 O.OOE+OO 0

Ol/MAKEUP 20.85106383 O.OOE+OO 0

Ol/MAKEUP -8 .825910931 O.OOE+OO 0

AVERAGE 2.16 0 0

Ol/SUMP -2.727272727 O.OOE+OO 0

Ol/SUMP -1.920553501 O.OOE+OO 0

Ol/SUMP 16.74168724 O.OOE+OO 0

AVERAGE 4.03 0 0

Ol/BLOWDOWN -3.352883675 O.OOE+OO 0

Ol/BLOWDOWN -0.26006192 1.00E+00 0

Ol/BLOWDOWN -5.693893735 O.OOE+OO 0

AVERAGE -3.10 1.26E-01 0

Outrigger Malia (OM)

OM/MAKEUP -8.934778164 O.OOE+OO 0

OM/MAKEUP -33 .84068279 O.OOE+OO 0

AVERAGE -21.39 0 0

OM/SUMP -3.763282172 2.42E+03 0

OM/SUMP -4.428904429 1.34E+01 0

AVERAGE -4.10 3.27E+00 0

OM/BLOWDOWN 1.282051282 8.66E+02 0

OM/BLOWDOWN -5.471370735 1.87E+01 0

AVERAGE -2.09 2.58E+00 0

OM/MAKEUP(3E) 2.353636901 O.OOE+OO 0

AVERAGE 2.35 0 0

OM/SUMP(3E) 12.18998016 O.OOE+OO 0

AVERAGE 12.19 0 0

OM/BLOWDOWN(3E) 0 O.OOE+OO 0

AVERAGE 0 0 0
Note: MPN = Most probable number; 3E =Third sampling with ETS.
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Table 5. Guidelines for Interpretation of Water Quality for Irrigation

PARAMETER UNITS DEGREE OF RESTRICTION OF USE
Slight to None Moderate Severe

dS/m or
Salinity, Ecw umbos/ern <0.7 0.7 - 3.0 >3.0
Total dissolved solids, TDS mg/l <450 450 - 2000 >2000

Total suspended soilds, TSS mg/l <50 50 -100 >100

Bicarbonate, (HC03) moll <90 90 - 500 >500
Boron (B) mg/l <0.7 0.7 - 3.0 >3.0
Chloride (Cf), sensitive crops mg/l <140 140 - 350 >350
Chloride (Cf), sprinklers mg/l <100 >100 >100
Chlorine (CI2) , total residual mg/l <1.0 1.0 - 5.0 >5.0
Hydrogen Sulfide (H2S) moll <0.5 0.5 - 2.0 >2.0
Iron (Fe), drip irriqation mg/l <0.1 0.1 -1 .5 >1.5
Manganese (Mn), drip
irrigation moll <0.1 0.1 -1 .5 >1.5
Nitrooen (N), total mg/l <5 5-30 >30
Sodium (Na+), sensitive crops moll <100 >100 >100
Sodium (Na-), sprinklers mg/l <70 >70 >70
Sodium adsorption ratio, SAR meo/l, <3 3-9 >9

From Wastewater Reclamation and Reuse (Asano , 1998).
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Table 6. Various Biological and Chemical Parameters Involved in Fouling (Outrigger Malia)

OXIDANT NUTRIENTS BACTERIAL LOAD
ATP

SAMPLE Free Chlorine Total Chlorine Nitrates Phosphates THB Aerobic Spores Anaerobic Spores (RLUI
(mg/l) (mg/l) (mg/l) (mg/l) (CFUl100 ml) (CFUl100 ml) (CFUl100 ml) 100 ml)

Outricqer Malia (OM)

OM/MAKEUP 1 0 0 1.94 0 3.00E+00 7.55E+01 2.85E+01 3.33E+05

OM/MAKEUP 2 0 0 2.16 0 4.00E+02 1.20E+01 O.OOE+OO 7.00E+04

AVERAGE 0.00 0.00 2.05 0.00 3.90E+01 3.05E+01 4.43E+00 1.53E+05

OM/SUMP 1 0 0 9.71 2.83 2.78E+04 8.92E+02 9.28E+02 1.67E+05

OM/SUMP 2 0 0 2.49 0 2.44E+04 2.65E+03 1.76E+03 3.40E+05

AVERAGE 0.00 0.00 6.10 1.42 2.61E+04 1.54E+03 1.28E+03 2.38E+05

OM/SLOWDOWN 1 0 0 9.53 2.89 2.27E+04 2.00E+03 2.00E+03 2.47E+05

OM/SLOWDOWN 2 0 0 2.39 0 3.72E+04 8.74E+03 7.02E+03 8.80E+03

AVERAGE 0.00 0.00 5.96 1.45 2.91E+04 4.18E+03 3.75E+03 4.66E+04

OM/MAKEUP(3E) 0 0 2.23 0 7.08E+03 2.83E+01 O.OOE+OO 1.36E+05

AVERAGE 0.00 0.00 2.23 0.00 7.08E+03 2.83E+01 O.OOE+OO 1.36E+05

OM/SUMP(3E) 2.85 3 4.18 0 2.96E+02 9.55E+02 4.73E+02 2.40E+05

AVERAGE 2.85 3.00 4.18 0.00 2.96E+02 9.55E+02 4.73E+02 2.40E+05

OM/SLOWDOWN(3E) 2.5 2.6 4.2 0 1.13E+02 2.15E+02 6.50E+01 7.40E+04

AVERAGE 2.50 2.60 4.20 0.00 1.13E+02 2.15E+02 6.50E+01 7.40E+04

Note: CFU = Colony forming urnts; RLU = Relative hght urnts; 3E = Third samphng with ETS.
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Figure 3. Average Scaling Parameters (TOS, Minerals, pH,
Turbidity) in Cooling Tower Water (Sheraton Waikiki)
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Figure 4. Average Scaling Parameters (TOS, Minerals, pH,
Turbidity) in Cooling Tower Water (Outrigger Islander)
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Figure 5. Average Scaling Parameters (TOS, Minerals, pH, Turbidity)
in Cooling Tower Water (Outrigger Malia)

Note: 3E =Third Sampling with ETS.
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Figure 6. Biological Fouling Parameters (Chlorine, Mineral, Bacterial Levels) in
Cooling Tower Water (Sheraton Waikiki)
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Figure 7. Biological Fouling Parameters (Chlorine, Mineral, Bacterial Levels) in
Cooling Tower Water (Outrigger Islander)
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Figure 8. Biological Fouling Parameters (Chlorine, Mineral, Bacterial Levels) in Cooling TowerWater (Outrigger Malia)
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