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EcoCooling

EcoCooler Legionella Risk Assessment Information Pack

Purpose of Document

This information in this document is intended to provide a basis for the understanding of the risk of Legionnaires
disease in EcoCooling evaporative cooler.

An EcoCooler is typically employed as part of a balanced ventilation system and, as such, is subject to all UK
legislation including that relating to Legionnaires’ disease.
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The Health and Safety Commission Approved Code of Practice and Guidance (ACOP) Legionnaires’ Disease:

The control of legionella bacteria in water systems L8 requires a risk assessment to be performed on any
water based system.

E

The structure of risk assessment is based on the pathway of a legionella infection of a human being:
e Presence of legionella bacteria in a water system
e Growth of legionella bacteria to a concentration level capable of infection
e Dissemination of droplets or aerosols contaminated with legionella
e Infection of a susceptible host by these droplets or aerosols

The design, process control and operation of an EcoCooler are explained to enable each stage to be examined
and a risk assessment made.

The key principles to be considered in the prevention of Legionnaires’ disease recommended by ACOP L8 are:
e Avoidance of stagnant water

Low water operating temperature

Avoidance of corrosion and scaling

No production of aerosols

Maintenance

Reference will be made to each of these principles as the pathway is examined.
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1.0 EcoCooler Design, Process
Control and Operation

An EcoCooler cools air using the principle of
adiabatic (evaporative) cooling. It is a ‘wetted
media’ evaporative cooler which means that the air
stream is in contact with a filter media which is
saturated in water.

1.1  Filter Media Design

The filter media in an EcoCooler is Munters CELdek
5090. This is a cellulose based media with the
following specification.

Appendix  1:  Munters  Humicool  CELdek
Specification

Appendix 2: Munters CELdek 5090 Specification

The cooling efficiency of an evaporative cooler is
dependent upon the pad thickness and the face
velocity. An EcoCooler is designed with a 100mm
pad thickness at a face velocity of 1.6m per second.
In addition to efficiency the face velocity is important
regarding droplet formation. If this velocity exceeds
3 m per second then the air flow can draw water
from the pads.

A key factor in the design of the EcoCooler is a
pad face velocity which avoids droplet
formation

The design criterion for an EcoCooler is shown
below

Pad Area

W m Hm Area No Area
sgm sgm

.86 .68 .58 4 2.34

Flow Flow Face Droplet

cm/hr Cm/s Velocity | factor of

m/s safety
14000 3.9 1.66 180%
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The net result of this is an adiabatic cooler with 90%
efficiency and a droplet factor of safety of 180%.

Note that these design criteria are related to the
absolute maximum flow rate conditions. In the
maijority of cases the system pressure losses result
in lower flow rates and hence a lower face velocity
and an improved droplet factor of safety.

EcoCooling supplies ‘wet boxes’. These are coolers
without fans. A separate system calculation is
carried out to validate both the performance and
droplet factor of safety.



1.2 Water Circulation System

When the EcoCooler is in cooling mode the filter
pads are kept wet using a water circulation system
as shown below

EcoCooler Circulation System

Water, controlled by a solenoid valve and a level
probe, is circulated over the pads by a centrifugal
pump. A drain valve empties the cooler at the end
of cooling mode or as part of the scale control
system.

The rate of water flow is determined by the Munters
specification.

The key to legionella control in the water
circulation system is the low water temperature
and the avoidance of stagnant water.

Water Process Control
Water Level Probe

Central to the process control is a water probe with
four level sensors. This is used to control the water
and provide feedback to the control system to
identify any fault conditions. It is located in the base
of the water tank of the EcoCooler

Its key functions are:
e Prevention of stagnant water
o Validated the sump is empty
o ldentifying a slow fill of water
o ldentifying s slow drainage of water
o ldentifying circulation pump failure
e Scale control
o By volumetrically measuring the
quantity of water added to the sump
the water can be drained before the
scaling point is reached
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Its operation is as follows:
Drain operation

When the cooler is switched on it automatically
checks the low level. If this shows water present
then the cooler drains. If there is insufficient water
to operate the level probe the cooler will still enter a
2 minute drain sequence. This is followed by a 6
second water purge and a further 20 second drain.

If the low level probe does not clear within 10
minutes a ‘Slow Drain’ fault is indicated.

The water sump has a slope. Water enters the
sump at the high side and the drain is positioned at
the lowest point. The pulse of water helps clear any
residue which may have collected in the base of the
sump. The system is designed to be fully self
draining with no dead legs.

Cooler stopped

The water is always drained when the cooler is
stopped or in vent mode. Level probe 1 is
continuously monitored. If water is detected the
EcoCooler goes through the drain cycle.

Start Up of Cooling Mode

The lowest level is validated to ensure there is no
water in the sump. If no water is detected then the
cooler drain valve opens for two minutes, the sump
is flushed with fresh water, a further short drain
period follows and then the cooler is considered
ready for cooling mode. This flush also purges the
water supply line of water which may have been
subjected to higher temperatures or stagnation on a
roof installation.

Filling of cooler with water

After the initial validation of the empty sump the
water, controlled by a solenoid valve, fills the sump.
At level 2 the circulation pump starts. It is not
possible to absolutely assure a completely dry
cooler at the start of operation. By delaying the
pump until this point approximately 15 litres of water
has been added to the sump. This will dilute any
liquid which was present in the cooler. The water
filling is stopped by level 3 sensor.

Should the cooler not fill to the upper level within 20
minutes a ‘Slow Fill’ fault will be indicated.



Evaporation

Whilst the EcoCooler is in cooling mode water is
being continuously evaporated. The water level
then falls from level 3 to level 2. At level 2 the
cooler then re-fills by opening the water solenoid
valve. If the water level does not fall to the second
level within 12 hours then a ‘Slow Evaporation/ fault
is indicated. This is an indication of a fault, typically
a circulation pump failure, and there may be a
stagnant water situation.

24 hour dry cycle

Some organisms, which are present in the water
and can proliferate at the operating temperatures of
the EcoCooler, cannot tolerate desiccation. An
option exists in the software to enable a '24 hour dry
cycle’. When this is enabled the cooler will, after 24
hours of continuous operation in cooling mode, go
into a forced ventilation period for 30 minutes to dry
the pads. Additionally, the EcoCooler will be forced
into a drying period of 30 minutes after water
recirculation in cooling mode.

Scale Control

During cooling mode only pure water is evaporated
from the pads. The magnesium and calcium salts,
together with any particles filtered from the air,
gradually concentrate. If no action was taken the
salts would then form scale.

The EcoCooling control system counts the number
of times the fill cycle operates. This is actually
volumetrically measuring the amount of water being
added to the tank. When a set number of fills has
been reached the cooler fully drains.

The concentration factor at which water forms
scales varies according to its chemical composition.
Munters recommend the following indices to predict
scaling:

Recommended Values for Common Indices
for Maintaining Recirculating Water Systems

Langlier Saturation Index (LSI) 0.5 + 0.25
Ryznar Stability Index (RSI) 6.0 + 0.5
Puckorius Stability Index (PSl) 6.5 + 0.5

Ref: Appendix 3 — Munters Engineering bulletin EB-
HWT-309

An EcoCooler can be configured to give a
concentration factor between 2.2 and 5.7.

Level Probe Design
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The level probe is based on magnetic reed
switches.

The switches are normally closed. As the water
level rises the polystyrene floats, which contain
magnets, rise and the switches clear. The control
system continuously monitors the logical sequence
of the probe. If an error is detected the ‘Probes out
of Sequence’ fault is indicated.

The EcoCooler cannot operate without a probe as
the system expects to see closed contacts at start-

up.

1.3 Installation and Commissioning

The installation of an EcoCooler should take into
consideration the quality of the supply water and the
ambient air quality. Appropriate controls shall be
identified if there is a possibility of contaminated
water or air.

The commissioning of an EcoCooler consists of:
e Validating the operation of the control
system
e Configuration of the control system

A commissioning sequence is built into the process
control software. This validates all of the
components operate.

With regard to legionella control there are a number
of configurations which can influence performance.



Configuration parameters are set by a number of
dip switches on the main control panel which allow
the following:
e 24 hour dry cycle. An option exists to dry
the pads out for 30 minutes every 24 hours.
In some cases this is believed to improve
pad hygiene
e Scale control. The maximum water
concentration factor can be varied from 2.2
to 5.7. On commissioning this is set
according to local water quality.

It is possible to sanitise the system on
commissioning but this has only a short term effect.
The amount of air and water being processed result
in any sanitising agent is rapidly dispersed.

14 Maintenance

All water systems should be maintained. An
EcoCooler is typically maintained every 6 months
but this is dependent upon air contamination, water
quality and usage. A maintenance program
includes the following:

e Remove side panels

¢ Remove insect screens and clean

¢ Clean filters with low pressure cold water

e Clean inlet water filter

e Replace filter pads as necessary

e Clean sump using Clean Routine

e Clean all other cooler parts

¢ Run Test Routine
e Check dipswitch configuration
¢ Replace insect screens and replace panels
e  Check wall control operation

In addition to the above the scale prevention

configuration is reviewed and adjusted after
inspection for any scale formation.
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2.0 Factors to be taken into

consideration when
performing a risk
assessment

The structure of risk assessment is based on the
pathway of a legionella infection of a human being:
e Presence of legionella bacteria in a water
system
e Growth of legionella bacteria to a
concentration level capable of infection
e Dissemination of droplets or aerosols
contaminated with legionella
e Infection of a susceptible host by these
droplets or aerosols

These stages shall be analysed in detail and
reference made to process control, operating
conditions and practical experience.

21 Presence of legionella bacteria in
the water system

The ‘seeding’ of the water system in an EcoCooler
could come from legionella being present in the:

e Feed water

e Air borne particles

e Engineering components of the EcoCooler

Feed Water

It is a firm recommendation than only clean, potable
water is used in an EcoCooler. Any other form of
water, e.g. from rainwater harvesting or water
recovered from other processes, should be subject
to separate analysis and appropriately treated.
Whilst a town mains water supply is not sterile the
microbiological loading is very low and
consequently presents low seeding of legionella or
other bacteria into the system.

Although options do exist in the pre-treatment of
water it is not recommended using water which is so
highly contaminated that these are required.

Air Borne Particles In the majority of installations
ambient air does not contaminate the system.

Where an EcoCooler is processes air contaminated
with both bacterial and organic matter then it is
normal to use a biocide to control bacteria growth.
Typical conditions requiring this are internal
evaporative coolers in the print industry.

A contribution to reducing contamination is the
fitting of insect screens as standard to EcoCoolers.
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This reduces the possibility of insects reaching the
filter material.

2.2 Growth or legionella bacteria to a
concentration level capable of
infection

The rate of legionella growth is dependent upon
e Temperature
e Nutrients
e Stagnant water

Water Circulation Temperature

The water in an evaporative cooler circulates at the
wet bulb temperature of the air. Different climates
have different wet bulb temperatures. In the UK the
wet bulb temperature of the air rarely exceeds 20C
and never exceeds 25C.

A detailed analysis of data from the Iceni
(www.iceni.org.uk) weather station at Royston in
Hertfordshire is typical of UK weather.

Air Wet Bulb Temperatures
Royston, Herts 2000 - 2003

Mar-00
May-00
Jul-00 4
Sep-00
Nov-0
Jan-0
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A statistical analysis of the 50399 hours of weather
data shows the following cumulative data.

Ambient C WBT C
35 2 0.0% 0 0.0%
34 4 0.0% 0 0.0%
33 11 0.0% 0 0.0%
32 15 0.0% 0 0.0%
31 17 0.0% 0 0.0%
30 34 0.0% 0 0.0%
29 64 0.1% 0 0.0%
28 119 0.1% 0 0.0%
27 194 0.2% 0 0.0%
26 318 0.3% 0 0.0%
25 548 0.5% 0 0.0%
24 790 0.6% 0 0.0%
23 1222 1.0% 0 0.0%
22 1674 1.0% 2 0.1%
21 2448 1.8% 28 0.2%
20 3202 1.7% 130 0.6%
19 4271 2.4% 332 1.4%
18 5395 2.6% 886 3.1%
17 7109 3.9% 1844 5.6%
16 8704 3.6% 3148 9.0%
15 10470 4.0% 4966 13.7%
14 12698 5.1% 7032 18.8%
13 14618 4.4% 9619 24.9%
12 17171 5.8% 12201 31.1%
11 19317  4.9% 14754 37.0%
10 21963 6.0% 17684 43.9%
Below 10 21864 50.1% 24070 56.1%
50399 50399

From this is can be seen that an evaporative cooler
operates below 20C for over 99% of the time.

Monitoring of an evaporative cooler showed the
following.

Sump Water Temperature
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When the EcoCooler is not in cool mode the water
system drains and so avoids any increase in water
temperature due to stagnation.

With reference to ACOP L8 paragraph 9:
‘Temperatures may also influence virulence;
legionella bacteria held at 37C have greater
virulence than the same legionella bacteria kept at a
temperature below 25C’

From this data it can be seen that the water
temperature is completely safe for 99% of the time
and only presents a poor growth conditions for low
virulence legionella bacteria for the remainder of the
time.

Nutrients to Support Legionella Growth

An EcoCooler is designed with all non filter media
water contact surfaces constructed of either plastic
or stainless steel. CELdek evaporative media is
made from a specially engineered cellulose paper
that is chemically treated to resist deterioration.
The structure therefore will not break down or
corrode to provide nutrients.

A potential source of nutrients is from the air which
is being cooled. Particles are washed from the air
stream as it passes thought the filter media. As part
of the scale control system the tank is flushed to
remove these particles. If contamination levels are
high then a biocide can be used to prevent growth.
This is not normally necessary on externally
mounted coolers taking in fresh air. The effects fo
grossly contaminated air should be given special
consideration during a risk assessment. Biocideds
should only be used with caution.

The drain cycle constantly purges the system of
contaminants. The drain cycle is invoked at:

e Startup

e Scale control cycle

e End of cooling
By allowing the cooler to drain fully and then
purging the sump with fresh water removes debris.
Any bacterial growth is also diluted during this
process.

Scale is prevented by the control system as
described in the water circulation control section.
The problems associated with scale are therefore
removed.



Stagnant water presents a risk for legionella growth.
The EcoCooler design and process control avoids
stagnant conditions through:

e Fully self draining design
No dead legs
Slow fill fault identification
Slow drain fault identification
Slow evaporation fault identification
Cooler immediately drains fully when not in
cooling mode

2.3 Dissemination of droplets or
aerosols contaminated with
legionella

The key to avoidance of droplets is the face velocity
of the air over the filter pads. The design criteria
are detailed in the EcoCooler Design, Process
Control and Operation section. The EcoCooler
operates with an air flow rate such that only pure
evaporation occurs. Droplets, and aerosols, are
avoided.

Independent research has shown that Munters
evaporative cooling systems do not provide a
transmission mechanism for bacteria from water to
air. A study at Aachen University showed that when
water which had been inoculated with bacteria was
circulated in the system no bacteria were found in
the air stream. The same study also showed a 70%
reduction in particles entrained in the air in the
range 5um to 10um as the air passed through the
pads.

See Appendix 4 — Aachen University Hygiene Test

2.5 Infection of a susceptible host by
these droplets or aerosols

It is not normally possible to control the population
who may be exposed to the output from an
EcoCooler. It is therefore assumed that all
prevention and control methods must be in place
prior to this stage in the infection pathway.
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3.0 Application of the Key
Principles of the Prevention of
Legionnaires’ disease

ACOP L8 gives clear guidance on the controls
which may be used in the preventions of
Legionnaires’ disease. These are examined and
their application to the design and operation of an
EcoCooler is demonstrated.

3.1 Avoidance of stagnant water

An EcoCooler drains when not in cooling mode. It
is designed to be fully draining. A level probe
validates the cooler is empty and a fault is indicated
if the cooler does not empty in accordance with the
control system.

Separate faults are identified by the control system
relating to potential stagnation. A slow evaporation
alarm identifies a circulation pump failure. A slow fill
alarm identifies a failed or weak supply water.

3.2 Low water operating temperature

The operating temperature of an EcoCooler is
determined by the wet bulb temperature of the air
being cooled. In the UK this temperature is below
20C for 99% of the time and never goes above 25C.
At high temperatures the rate of evaporation is high
and the cooler will be drained, flushed and
replenished with fresh water approximately every
two hours.

3.3 Avoidance of corrosion and scaling

All water contact surfaced, except the filter media,
are plastic or stainless steel to avoid corrosion. The
cellulose based filter media is chemically treated to
resist degradation.

Scale is automatically prevented by the

EcoCooling control system. The volume of water
added to the tank is added until a set point of water
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concentration is reached. At this point the
EcoCooler fully drains, the tank is flushed and then
replenished with fresh water.

3.4 Use of a biocide

It is not normal to use a biocide in a standard
externally installed EcoCooling system using clean
potable water with clean ambient air. Where
contamination levels are high then great care
should be taken during a risk assessment biocides
used with caution.

Note that oxidising biocides in the recirculating
water may result in the discharge air causing
corrosion in sensitive equipment.

UV systems can be used to treat the incoming water
but it is NOT recommended they are used on the
circulation loop. UV systems require filtration to
protect the lamp quartz and the system needs to be
designed to be self draining and the filters to be
backwashed. It is possible to increase the level of
risk with UV rather than reduce it unless very careful
consideration is given to its installation.

3.5 No production of aerosols

A wetted media evaporative cooler should produce
no droplets or aerosols. The maximum design
speed of Munters CELdek filter media is 3m/s. The
EcoCooler has a design speed of 1.6m/s giving a
factor of safety of 180%

3.6 Maintenance

The maintenance frequency of an EcoCooler is
determined by the water quality, air quality and
usage. An element of self cleaning is incorporated
as part of the drain and scale control cycle. A
routine maintenance program, typically every 6
months, involving inspection, cleaning and
validation of operation and control parameters will
ensure a hygienic and efficient cooler.



Appendix 1 — Munters Humicool CELdek Specification

HUMICOOL DIVISION

4
S
—

EMGINEEREDTO FROVIDE PAAXIMUM COOLING AND
HUMIDIFICATION, LOW FRESSURE

OF RELIABLE SERVICE

CELdek FEATURES:

B High Cooling Efficiency
Excaptional coaling ranes are
ac hisved due to the dedgn,
manufactiring and materials used
in CELdak

B High Face Vel ociry
The shallower angle of Munbars
unequal fhite design allows high
velacity alr to traval throngh the
pad without watar droplat
CRITYOVET.

B Self-Cleaning Design
Tha seeper angle of Munters
unecual flute design lushies dir
ard debris from the surface of the
pad. This cleaning action directs
watar toward the air entering face
af the pad whara it is needed
o

8 Low Prossura Dirop

Tha shallow angle of Murntars

unecual fhite design allows high

velacity alr to traval throngh tha

pad without agnificant resistance

or varter droplet carmy owver.

Simple to Mainiain

[ most cases, routing rmalnte

rance can ba parformed whils

sstams are still oparating, Whan

propery mamntained, Muriers
CELdek pads will provida many
waars of highly efficient coaling
ared humidification

MI-Tedg PROTECTICN

8 Protective Edge Coniing
Munters M1-T-edg is a tough and
resiliant edge rearment applizd
o the air entering face ofa
CELdek pad. [t has been formm
Lateed v withstand repeated
cleaning witheout damaging the
pad

8 jilgae amd Wearther Resisgant
Muntars MI-Todg is nonparous
and quick dryirg. It prevents
algae and minerals from anchor
ing themsslves into the subsrate
of the pad, so they slough off
when dried. M1 Tedg also pro-
tecis CELdek pads from tha
damaging affects of severa
waather and lang term expasime
o LIV light.

8 Extends the Service Life of
Evaporative Pads
Munters M1-Tedg protective edge
canting axtands tha life of the pad
avar that of non- rea ed pads

DROFP AMDYEARS

& Munters
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AR B,

CELdak avaporaiive media 5 mads from 2 spacially sagieared ool oo
paper tha iy chemaally treaiod fo resist deerforation, O oress o ed,
wegual agale gad decge presweies e gy tucbelont midog of &
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DESIGN
CONSIDERATIONS

| Waler Distribution
Watar flow rates vary bazed on the
dapth of the media. CELdak
recjuires 1.5 gallons per minute of
watar par squate foot of honzon-
tal {top) pad surface arca. For
ins@llaricns that hawe nterse
evaporation or pad walls mllar
than 72°, an addivional 100200% of
watar should be used.

| Supply
The gunar and sump should b
sized to supply tha system wich
enough water to oparate atits
rmmdmium flow rate and not
overflow whan the system is shur
down.

CFTIONS

# Prodective Edge Coating
M1 Tadz alge msismne edae
coating & awallable for all sizes of
CELdek avaporative coaling
madia for longer pad 1ifa and
easiar « keariing,

B Disiribution Pads
CELdak is designed to distri buie
watar from the fromt o the hack
of tha pad. For lareral diseribu
tion. a 2° or 3" disributicn pad
shiould be tsad . Thase spacially
dasigned pads are also provected
with Muntars patoented edge
treatment

CELdek Standamn] Sires:
Deph: 4767, 87 12°, 247
Heighe: 487, 60", 727
Width: 127

MAINTENANCE

| Scale
Mineral deposts can ba mind
mized by malnmining a conting
ous water hleed -ofl ar by pariodi
cally dumping the sump. The
methods andor quanticy of
bleed-of f mary vary depending ocn
the pH and hardress of the
sipply water, and Muntars can
assist you by recommending
individual blaed-off rates.
Mot Fracrional dmers should
not b wsad . These tmers do noo
enhanca the performance of a
cooling pad and actually contrb-
uta io the desalopment of
soale.

u Algae
Ifalgae is allowed to grow freely
ena CELdek pad it may evenh.
ally clog the Rutes ard inhibit the
flow of air. This increasas the

startic prassure and reduces the
efficiercy of tha pad. Algac
growth can ba conmrolled by sarly
Implameniaticn of simpk maine
nanca technigquas,

Munters maintenance

bullstirs provide informaton to
help maximize tha effickency and
life of CELdak evaporatve pads

SELECTION

The depth and height of nmedia
varies deparding on the applica-
tion. Call Munbers for help in
detarmining the requiramants of
spacific instlltons. CELdek meny
also ba cut to fit smaller squip-
marit. Call Muniers for more
Informaton.

) ",":.551:-?‘}"

The stevwer angde directs more water to the air entering side of the g,
wibere it s needed e mosr,

& Munters

ks Corparasian - HumiCool Cisicn
D Box 2439
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Fax: [341] 336-2257
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Appendix 2 — Munters CELdek 5090 Specification

CELdek”5090-15
Evaporative Cooling Pad

CELdAse® 2000-1 3 mvaporative conliog
& used in wysems where effi-
r:f:q coaling 0 required It wtt ed
jor many differert co purposss ey it
particularky snitahile for evaporacees oool-
73 fior cormeperial and domestic uie
The Gresn tripe pad conesis of 1pe-

cial 1u1p.r-:Emned and cornagaied cafhi-
% &7 shests wich different flule
H.EEIH.DMHEEFI:I:'I:I e ome dlal

120 degt dai have bzen bonded ingether
This unigue design vields a coofing pad
wilh a high svaporarion effidency whis
sl opermiing with a very kow pressurs
D%nmuﬁlmmmislemlna min-
Amum e e Waber CafTy-over Goours
due bo e fct that the water is directed
1n the air ink=t sid= of the pad This's
where most of e svaporation lakes

Tlirhq:rmim procedre for the
cellulnss paper ensores a srong s 2op-
paring product, wich high absorbance,
wehich s progecied againg demompasition
l.ndrullzl:\g:a.ndﬂmiremn;

! n:Eul.nh'l.:I.l.unjnd comsiluies a vl
st of 3 oompdeie fesien and should
always be ordered in combination with
CEldek svaporacive cooling pads. Flaced
an inp of the cooling pad T ensuresa
unifarm sl the waber 10 he cool
ing pad and minimises the risk of dry
i,
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The evaporative
cooling technology
Water s circubied through a pump sia-
cion and supphied 1oihe wp of the cool-
ing pad via 2 disiribueion manifold. A
distribinn pad oo e jop of the cooling
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The water flows divwn ihe corrugated
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ewarm and dry air that passes
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ratian it ciken fmom the air iisei.

The ar dat leaver de pad & thenefone
cooled and humidifisd smultaneosly
withoul amy external suapphy for
ihe evaporation proces. This i nalures
oM. oooling process.,

Equipment

= High vvaporation efficiency

'.!whmltjlgwllin
'lnt,,;:d-m" Imnrn-p-l:—
AL CoslE

= Mo walor carey-over

* Low scaliog

* Sall cleming

* Sirong and =21l supporiing

* Leag e time

# Low runing cosis

* Umick and easy to instadl

* Envireamentally frizadhy

* Consteinnt high qualicy

& Munters



Eoimal ol ool wrwry EELckod 56015 P drp EELckol 5 NE)-1%

- ] -
| ]
W
] - — F ) #i
g T = =22
£ &
E ] o .|'r 'S
=2 i
1 i o AT
mn = E . T
- i} _n'lll -
= F iy
y o =
us i ! R ) 4R
P e = i
e P o T
i - i Tho pranene aop dagam dow e prurse o oA
— Gl S]] Tk of 8 pard b (e e poaivicn . W
- - 1 L ﬁrh ;.-:.:;-hpn-:m ...'1'::;::'2:.
o 1 " 1 a4 B il lan ol sirdow wim e pul :
ar waimz i [} i Ly
Order Informatian Order Informatian
Evaporative cooling pads Water distributlon pads
CELdek 5093-[5-?_:—:{-}[ CELdek 70120-0-3-%-%
Height, mm —| Widih, mm —!
Widih, mm —————— Diepth, mm
Diepeh, mm ——————————— Thickneis, mm
ERE, CELd e 205015 1 BOCL oL 060 EgE, CELdek 7013000 00100250
Erandard heighis, Ecandard width,
H = Lo, 1500, 18060 and 3000 mren A = 005 mm
Smandard wich, Soandard depihs,
W= nnn mm B =350, 75, 100 ared |50 -mm
Endard deprhs, Srandard thickness,
=50, 7o 106 ad 150 mem C = 30 ared 50 mim
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V) Munters

Appendix 3 — Munters Engineering Bulletin EB-HWT-309

EMGIMNEERIMGBULLETIY
EB-EWT-308

HUMIDIFTER WATER TREATMENT

Most chenmical meeimert programs am designed to prevant
peecipiiacion of scale forming sxinceals = heat exchangers Tha
cocling of the water by evaperation/convraction econrs at the
coeling tewnar, wod the beat exchengar Tha Sl i the coaling
towesgs stay clees by froshizg it with o pafficient fowr of water
=0 powvezt deposits Irom developizg. I you experszce poatly
wattad argas then depestte wnll occur in the tower.

With sraporative coolsrs, the svapomatios acomrs on the sar-
facs of the maedia. When mineral concsnmatiozs in the watsr
are too bigh and’er insufficiest water s i= confact with media
sarface, minaral salts conceztraie and deposit on the media
faca. Chenvical teement by use of scale izbibitars will havs
licdle or mo posithve affect in evapoaratve coolsr applications.
In essancs. the scals iwhibitors will becoma par of the scals
daposit. Thus, comveztional water treatmeent methods do not
apply to evaporatnes coclars.

Sinilarky, the pretreameant of wabe wizg a wear sofeosrwhich
cenvarts the calciue: and magnesie bicarbonares to sodinm
Iecaribenaies will alse have Btfle or no positive effact. Although
tha sodivmn bicartozate daposits are sofer and sasily removsd
by washing dewn the medie, they presant the further problem
ofblowizg off the media iio the airsrear: when &y

Tha rexooval of moost of the minaral salss through demizaral-
EzAtlom, eveTie GEmL0sds, sic., will elizmnate the scaling profb-
Yaza. Hewevee, thess trpes of Teetmeot mecbods reguizes ma-
jor izitial investments and high operating costs. Water oeatad
in this pannar is also eIy corTosivs 0 commuon matals and
mey dabarioress the media by leaching oot and degrading the
stiffsning apents and glue.

Water Flow Eates and Distribution

Using recommendsd water o rates i conjumcion with svsn
wrater diszibazion aczess the sotivs mediz bazk i the accepted,
and ot roccessfil, meang of mi=tmiring er ali=vinating poals
deposition. The constant washing of the face of the madia
with an accupable volmme of water will coztimously clean
the media marface.

Thawater shonld be supplizd to sack nwadi bank dissibatice
Ewadar at 2 rate of | ¥ gpm per sguars foot of ndia top surfacs
arsa.

Ths evaporation rate chezpes Hitds when mors watsr is wied.
If lass waser is applisd. two things occur, both of which bavea
zages affect. Pt with boarer weater s, concentrated mi=-
aral sales will acce=rmlate fastar oz to there being less waser
volmms to flosh the face of the medm. Secondly. there mayba
iafficiant water oo the face of the media to provide the cleass-
ing actien that is desized a=d requized.

Scaling Index

Ths water treatmeant imdustry nees sevaral indicas to deter-
zaing the solubility edveness rememls nwater. Thase mdicas
ars rafarrsd fo as scaling i=dices and take imio considarasion
the following constifuemts; sotal dissolved solids, tempare-
tura, calcium hesdnass, total alkalinity and pH. Each constite-
aotis nsedin 2 forzrala te detsomime if the water is scals fomme-
ing or scals dizsolvizmg, as well 23 tha sevezity of the raaction.
For evaporative cooling and bomidifcation, it is desimable to
moaimtein 2 slighthy scale dissolizg index 5o thet the recinoe-
lating water has the abdlity te disselve minaral daposits. Hear-
aver, the watar sheald not ba so agessive (scals dissolving)
that it degrades the media.

Fecommiemded Value: for Common Indices
for Maintzining Fecircolating Water Srotems

Langitar Saturation Indax (LET) 05=023
Bymar Sty Index (FAT) 005
Puckorras Sakdity Indes (PEL) 65+0.5

Mamiemance levels ars best comtrolled shrencgh blaod-off of
svstem water 2f 2 pradeierzuined rass. The prafscred mathod
for controling blaed off is through the uss of a conductvity
comoller. Biafr so hémmsrs Eoginaesing Bulletin EB-011-TWThd
for zoors detzils regarding scalizg izdices azd blaed-off rates.

Once-Through Water

Thare e many humidifmton systeeas that wis water oo 2
cace-throagh basiz, reclain=mg some of this watar for adhar
12wt or dumpizg i to the sewes. Mazy of the surface and well
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waters used m ezce-throagh and mecroulabes systezos ars 2z-
Fusstve [sals dissolving)) and will degrads the media. Iz thess
casas the best solotioz d5 to decreass e water Sow rabe to 1.0
e par squars foot of fop suzface area. This will help axtend
moadin [ife and reducs ooce-thmoegh wanar costs.

Tk best gide in choosing the propar flow rate (1.0 vs 1.5 gpen
s3] s o agaiz wee e scaling imdicas. Use the following takle
to balp salect the fow rate for 2 once-throngh syshm:

EB-STWT-503 PAGE 1 of 1

Dryizg Times for Varioos Media Depths

Water Flow Rates for Onee Through Syuteans

Bazed sa Common Seabiline Indices
Tzdez Y Je——
Lasgher =0 052028
Sataration laedex (135}
Ry mue Staksility Indiox (RET) =70 E0=05
Packoriss Stakelity Indes (F3I) = 7.5 a&5+035

Biological Control

Uncontrolled growth of orgezic mater caz result i pluzged
madia, metal deteriomiion, media degradation, axd undasimable
pdors dewnsteam in e xir supply.

Thers are mamy typas of propristary a=d conmodisy biological
pontrol agents oo the market which ars nsed iz srapostive cool-
arw bamnidifiars.

The best control approack, bowaver, i 2o allow the medin pads
to dry ot complataly oz 2 weekly basts. This mequirss nazning
tha fns for a suitabls paricd of s fo parmit cozoplete drying of
the pads. At an incoming ambdsns xir emperatzze of T0°F, the
folloanzg drying t=oss should be nsed 25 a guids.

Medin Depih Doyvicy Tizms

Lo 20 mincles

[ SFEcrt | B

3 e 1 B2 besiiss

12 inghes 2 houirs

18 inches ER T

24 inthes 4 hesirs
Biocides

The commoezly wsed propristasy nen-oxidizeg biocides that are
sold by water meatment companiss will bavs no adverss aZfacts
oa the mediz when appled 2t EPA recommeanded dosagss. EPA
recozmmendsd dosags levals can be foemd on the drema labal o
furnisked by the vendor.

Umidizng biecides, sach as chloning and beomize cam bave 2 vesy
datrirzzntal effect on the media and shonld be 2vedded or ussd
sparingly: If thay ame used, Mlunters moommends o biocide lewml
I oadntzingd at zo mome than 1.0 ppea, o less, of fee balogsn in
tha sysbam

Corrozion Control

Tha bast approach to comosion cozirel in 2 upsdifcaton sys-
tam is o fabricate the retai=ing syaem fom non-commosive matals
oo plastics.

Ifa comrosiom i=bibitton program is sequired, a5 with lazge cextral
mecmcilaii=g systems. oozl 2 reputable local wetes mextment
company for thair mcormsedatioes for your systen. In doizg so,
ks amw thary provide o azalyfical monitoring progmn: (wxch as
comosion coupons) fo assure that the corrosicn comtrol of far-
mous and noo-fecroas metzls is affactive.

In all cases avodd programs whick mcknds prosphatss Phos-
planes will inceess scale deposition and provide » mument for
algze and bactaria.

The dale wnd sugiestom comlaingd hessin ige hased on mbasation Munters blicves 1 b reliable. They ane olfered in good Dk, el withaa
pEinles, i condiien sl feslhods of use ane beyond oor conlnsl W pecomstesd (hat Be prospeclive meer delermins e vailablary of sur

media s suggestio belive adopling Sess on & tonseciad sale

M Munters

Murisrs Corporation - HumiCool Divicion

PC Bow 5238

Forl Myers, FL 33311 U3A

Tl (S417335-1555 Toll Free- (200d445-6BEE
Faor: (341 535-2657

E-fdalt moreindo_hcffamericas. maunters.com
wwa.kunt=rsamerca.com

© EcoCooling Limited 2014

EE--AT-309
& CopyTight Murlkes Corpomadon 2000 Fringed In LUSA



Appendix 4 — Aachen University Hygiene Test

HC/MMA/SGB-0257-07/02 1000
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Zentraloereich fir Krankenhaushygiene, Universitétsklinikum Aachen — D-52057 Aachen

PD Dr. Med. Sebastign W. Lemmen
Faculty of Medicine RWTH Aachen

March 18, 2002

Hygiene report on the Munters FA6
evaporative humidifier under operating
conditions

The purpose of the investigation was to answer the question whether the Munters FA6 evapora-
tive humidifier produces aerosols containing bacteria under operating conditions. In addition, its
function as a filter was examined in respect of particles and the concentration of airborne organ-

isms.

The water for the evaporative humidifier was enriched with the indicator organism Flavimonas
oryzibabitans in a concentration of 1x105 CFU/ml. Flavimonas oryzibabitans is a physiological
aquatic gram-negative organism with morphological characteristics comparable to Legionella
spp. During the 12 hours of the experiment, a total of 25,000 | air was sampled and tested
microbiologically for the indicator organism. The latter was not found in any of the measure-
ments, and therefore it can be assumed that no aerosols containing bacteria are produced by the
evaporative humidifier.

To enable us to document the fanction of the evaporative humidifier as a particle filter, 6 particle
counts were made of the air in the room in which the humidifier was installed and also of the air
discharged after the evaporative humidifier. A reduction of approx. 70% was found in the con-
centration of particles with the size of 5 pm and 10 pm, that is of relevance as far as bacteria are
concerned.

In summary this study documents that the FA6 evaporative humidifier from Munters did not
produce aerosols containing bacteria, and, in addition, functions as a filter reducing particles by
approx. 75%.

S lecocaen

Dr S. Lemmen (MD)
(Specialist in hygiene and environmental medicine
Specialist in microbiology and infection epidemiology)

Universitctsklinikum Aachen  Anstalt des &ffentlichen Rechts
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