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Foreword

This document has been created to give an insight into the required service and
troubleshooting needed to repair a system. Theinformation held herein will grow
and be modified with each new understanding of system design that ismade. This
information isnot for use as customer documentation and should not be modified
as such without the written permission of EcoWater CHC, Schertz, Texas.
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1.0 WARNINGS & PRECAUTIONS

When trouble shooting a system it isvery important to
remember the following:

WARNING

WARNING

WARNING

WARNING

WARNING

WARNING

WARNING

WARNING

HIGH VOLTAGE, Electrical Shock and or
Death can occur if safety isnot your #1 priority.

Main Electrical Serviceisnormally 480 VAC
Control Voltageis 120 VAC or 24VvDC

Use Caution When Servicing This Unit

ONLY Qualified Electricians Should Attempt
Any ELECTRICAL Service.

Always disconnect electrical service before attempting service
on any itemsfound within this skid.

Servicing of equipment should be completed only in a well
ventilated area.

Most Itemslocated on the skid are Very Heavy.
Use all appropriate lifting methods and safety precautions
while lifting or moving items.

In case of Fire, use appropriate notification methods of local
firedepartmentsand facility personnel. Turn OFF all power
sourcesimmediately.

DO NOT operate the pump motor if the safety guard has been
removed from itsfan.

DO NOT operate any motor or electrical device on thisskid in
the presence of standing water or direct rain.



Shutting Down the CHC System upon EMERGENCY.
1. Turn the power disconnect OFF on the CHC Motor Controller. Verify the CHC pump has
stopped operation (look for motor rotation, and listen for the discontinuation of the standard
CHC operationa sound).
2. Close one of the Isolation valves found on either side of the basket strainer.
3. Closethe Isolation valves found on the towers if necessary.

Shutting Down the Filtration Systems upon EMERGENCY: :
1. Turn the power disconnect OFF on the Filtration Motor Controller. Verify the pump has
stopped operation (look for motor rotation, and loss of pressure on gauge)
2. Close one of the Isolation valves found on either side of the basket strainer.
3. Closethe Isolation valves found on the towers if necessary.



20 TERMINOLOGY

Thefollowing words arereferenced throughout this manual, it isimportant that
you have an acceptable under standing of the following words:

Actuator- A motorized system used to control avave or positioning system. Actuators comein
many different sizes and types. It isimportant to identify what type of actuator you need, some
may be air operated (ZGF) or electrical. Call Ecowater CHC while you are looking at the actuator
to make sure you get the appropriate replacement parts. An actuator can be powered by Air, AC
voltage or DC voltage and it isimportant to understand what you have BEFORE you get a
replacement.

Actuated Valve- An actuated valve references any valve that is controlled by a motor. When
replacing an actuated valve it isimportant to record the type (Grey isVSl, Blueis Jordan, and
Yellow is Apollo, Red can be Rotork or J&J), it is aso important to record the valve size and type
and control voltage (120VAC or 24VAC or 24VDC).

Alkalinity (Alk.): Alkainity isameasurement of the buffering capability of water with the
addition of acid. With the addition a certain amount of acid, pH can lower dramatically for water
with low akalinity, but pH only decreases dightly when its alkalinity is high. The main
contributors of akalinity are carbonate ions, bicarbonate ions, hydroxide ions, and dissolved CO,
present in water. For most of waters, bicarbonate (HCO3) is the dominant contribution to
alkalinity. Alkalinity affects both corrosion and scaling tendencies.

Amiad (Filtomat)- The automated filtration systems added to some CHC offerings. These
automated systems require appropriate sizing. And utilize a screen to capture the debris from the
filtration water flow. An automated screen cleaning regime is used to clean debris from the screen
and flush it to waste. We utilized the M 100 Filtomat filters and you can learn more from
www.amiad.com or from the appropriate Service Manuals.

Approach Temperature- This measurement is availableif achiller isbeing used. It references
the efficiency of the chiller tubes at removing temperature from the refrigerant and the closed loop
system. The approach temperature references the difference between the cooling water discharge
temperature and the refrigerant temperature. Approach temperatures are only accurate if the
Chiller isat 100% load. It can be used as an indication of scale within the tubes. If the approach
temperature stays high, normally above 10 degrees than scaling could have occurred. Further
analysis of the tubes are required for verification.

Bacterial Colony Counts- When required the water sampleis sent to CHC overnight in a
refrigerated container. This container should only used arefrigerated gel (NO ICE) to maintain
temperature. The sample should be marked to ensure appropriate processing by CHC. The sample
is placed into specidly prepared dishes, and left to incubate. Once the incubation is complete, the
colonies are counted and areport is prepared for distribution. The normal results of thistest are
given as colonies/square cm.

Bag Filters- Bag Filters can be used in line or side stream they remove any debris within the
filtration water flow that is larger than the bag micron size. It isimportant to know what type of



bag filter housing you have to be able to order appropriate bags for replacement purposes. CHC
recommends the use of dual bags within these systems. If used in aside stream arrangement, we
recommend approximately 20 % of the filtration water flow. If the Bag Filter isin line (100% of
flow), then a bypass system must be utilized to alow filtration flow to continue when the bag
blinds off.

Ball Valve- A ball valveisany valvethat utilizesaball for the valve mechanism, as the ball
rotates a hole within the valve aligns with the inlet and outlet connections and water is allowed to
flow.

Basket Strainer- The basket strainer isan initial filtering element that is placed in front (suction)
of the pump. This element consists of a housing and basket. The basket has holes placed into it
that initially remove any larger debris from the water flow that will not pass through the pumps
impeller. The basket strainer holes are normally specified as smaller than the pump specifications
indicate. The basket isrequired to be emptied at appropriate intervals to make sure the pump’s
flow isnot restricted. Basket strainers come in many varieties and manufacturers and require
appropriate maintenance to ensure no air intake into the system. CHC will normally oversize the
basket strainer to make sure that the time between cleanings is maximized.

Biodispersant- A Biodispersant is achemica surfactant that is used to loosen any Biofilm that
may be on the walls of acooling system. It isbasically asoap that loosens up the film and allows it
to flow with the water to the CHC chamber for treatment.

Biofilm- Biofilm isagrowth of Biological material on surfaces within asystem. This could
include a growth of agae or other films on surfaces that could decrease the efficiency of the system
aswell as harbor other detrimental bacterial growths like Legionella. 1n many cases a Dispersant
must be used to dislodge thisfilm to allow it to be destroyed by the CHC treatment or biocides.

Blow Down- Blow Down is the water that is removed from the system to control the conductivity
levels within the system. Blow Down is preferred from awater source within the system that
contains the highest conductivity. AsBlow Down water is removed it is replaced by fresh Make
Up water.

Calcium Hardness (Ca): Cacium isone of the principle e ements making up the earth’s crust.
Calcium normally gets into water when rain water causes calcium carbonate to leach from
limestone depositsin the soil. It isthe major contribution to water hardness. Calcium aids in the
formation of soap curds during cleaning and in some instances can form hard scale.

Cartridgefilters- Cartridge Filters can be used in line or side stream they remove any debris
within the filtration water flow that is larger than the cartridge’s micron size. It isimportant to
know what type of Cartridge filter housing you have to be able to order appropriate bags for
replacement purposes. CHC recommends the use of easy clean cartridges within these systems to
make cleaning easier. If used in aside stream arrangement, we recommend approximately 20 % of
the filtration water flow.

Centrifugal Separator- A centrifugal separator isavessel that utilizes a speed centrifuga
spinning to separate out the heavier than water particles from the water stream. It is very important
to size a separator according to the filtration flow to make sure appropriate separator forces are



achieved and debris removed. Centrifugal Separators do not have any moving parts but do require
an additional debris purging system.

CHC Chamber- The chamber is made up of many parts and normally consist of a common
manifold (linking pump to chamber), riser tubes, end caps, nozzles, and chamber. Most CHC
chambers assemblies utilize Groove lock fittings for connecting the components. The chambers are
specified by their GPM flow rate. Chambers can be designed to increase their bacterial kill rates
for specific applications. All current production chambers contain components that are made of
stainless steel. Older systems could utilize plastic, nylon, or stainless steel construction. Chambers
can be made to connect directly to a pump or even remotely. The remote chambers differ in their
construction, due to the pump being placed remotely to the chamber. Each chamber requires
specific applied pressures to perform appropriately. Some chambers allow for the monitoring of
created vacuum by avacuum gauge. The back pressure of the chamber must be verified and should
not exceed 5 mmHg. The CHC sizing reflects the water analysis as well as the overal volume of
the system being treated. It isimportant to understand this when sizing a CHC treatment system.
Normally the CHC system is sized to see the entire system water at |east seven times each 24 hour
period. There are several parts that make up a chamber, they include the center weldment, nozzles,
end caps (ends of nozzles) and end bells (covers for the nozzles that attach to the center weldment.

CHC Control Station or CCS- ThisisaProgramable Logic Controler (PLC) who's software was
made by EcoWater CHC to control and monitor the filtration and CHC skid’ s operation.

Chemical treatment- Chemical treatments are costly and must be maintained continuously. From
making sure chemicals are on site at all times, to making sure that bacteria does not become
resistant to the treatment, Chemical treatment regimens must be continuously monitored and
adjusted for the changing conditions. It isthis service that makes most customers loyal to chemical
systems, whileit is also the need for this service that make most customers wish they had areliable
non-chemical treatment system.

Chloride (CI"): Like Sodium (Na), most chloride salts are very soluble in water. They can cause
corrosion at high levels. Chloride is used to calculated cycles of concentration becauseit is stable in
cooling water systems.

Clearancefor Electrical Panels- In general we must meet the local regulations at the customer
site. However EcoWater CHC recommends at least 36” clearance in front of the motor starter for
electrical servicing.

Cooling Towers- A cooling tower is part of a system that uses water as a cooling agent within a
larger system. This system, asin air conditioning, passes this cool water from the cooling tower to
achiller that is the similar to a heat exchanger. The chiller isthe link between the cooling tower
water, and the water used within the building’ s for air conditioning. The chiller uses arefrigerant
like FREON, to remove the heat from the buildings cooling water and passes that heat back to the
cooling tower’swater. Within this type of system, the customers want to decrease their water
usage by increasing the recycling rate of water within the cooling tower. But asthey increase the
times water is reused, the dissolved solids within the system increase due to evaporation. These
dissolved solids are what is|eft behind as the water evaporates out of the system. Traditionally,
chemicals were used to control scale and corrosion and reduce any bacterial growths. The only
problem with chemical treatment programsis, in many cases, it takes one chemical to dissolve the
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solids, one to reduce corrosion rates, one to keep the solids from scaling up in the chiller and one or
more to reduce the bacterial levels and it relies on blow down to remove any dissolved solids. A
filtration system is the only system that can physically remove solids from the tower water and
most chemically treated systems do not use filtration. The types of chemicals and amounts vary by
the type of system being treated, the season, the external sources of particulate, the type of bacteria,
the temperature, and on and on and on. Normal cooling towers utilize a basin (water storage site),
cooling media (normally called fill, this normally plastic structure allows water to drain down it
surface while air is passed through the fill to cool the water, a pump to move the water up above the
fill to the spray nozzlesthat distribute it equally over thefill and afan to force air through the fill.

Conductivity: Conductivity is defined as the ability of an aqueous solution to carry an electric
current and can be easily measured by a conductivity meter. It is used to estimate Total Dissolved
Solids (TDS). CHC has used severa types of Conductivity metersin the past. Walchem WCT
series is the most common, while we have also used the LMI brands or utilize the CCS.

Corrosion - Most metals used in cooling water systems are very susceptible to corrosion. Keeping
surfaces clean is the most important aspect of preventing corrosion, since under-deposit corrosion
can take place and result in serious damage. Corrosion can be uniformly distributed throughout the
system or it can be localized, causing severe pitting and rapid equipment failure. There are various
corrosion inhibitors used in chemical treatment.

Customer Service Report- Thisreport isthe record of what service was conducted at the
customer’s site. 1n most cases the customer will be given a copy of thisreport at the time of
service. The report isthen completed with any appropriate test results (Dip Slide Test), any
appropriate comments and then sent to EcoWater CHC at the end of the week for processing. A
Service Order will be completed at EcoWater that will include any Water Analysis results and
recommendations for continued service in the future. The Service Order will be sent to the
appropriate personnel with any recommendations for modifications.

Customer System Survey- A Customer Survey isareport that is completed at the time of a
monthly or quarterly service that is a detailed listing of the equipment at the customer site as well
as specific application information that is needed to identify equipment or usage. Itisagood idea
that as pumps are replaced or piping modified that this survey is updated. If allowed pictures are
worth a thousand words and will make identification of system parts much easier, but aways verify
with the customer before any pictures are taken, if pictures are even allowed. Thisreport is sent to
EcoWater CHC to ensure appropriate system information for phone support and other reporting
needs.

Cyclesof Concentration- It isacomparison of the concentrations of dissolved salts in makeup
water and basin water. Because of evaporation, H,O left water to evaporate and |eave the dissolved
saltsin cooling water. So the concentration of the dissolved saltsin the cooling tower water will
increase. Cycles of 2 means the concentration of certain species (like sodium or chlorides) in the
cooling tower water are 2 times the concentration in the makeup water. As cyclesincrease the less
make up water isrequired to maintaining the water level because thereis less blow down and more
water remaining the tower basin. Higher CoC are helpful to control bacterialevels.

Descaler- Descalers are chemicals that are used to dissolve scale for cleaning purposes. EcoWater
uses the Rydlyme product.
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Differential Pressure Switch- The differentia pressure switch is aswitch that compares two
pressure sources and closes an electrical switch upon the differential pressure reaching the specified
set point.

Dip Slide Testing- The Dip Slide test can be used to verify the concentration of bacteriawithin the
system. Thistest requires aDip Slide to be placed into the system water and then placed aside for a
period of 48 hours for results to be taken. Results of the test should be recorded on the copy of the
Customer Service Report that is sent to EcoWater CHC at the end of the week. Please refer to the
paper “Dip Slide Testing” for instructions on how to conduct this type of test.

Electrical Supply- The electrica supply is the power that will be supplied for the use by the CHC
skids. Normally a CHC system utilizes a480 Volt, three phase supply. Thisisthe main supply
and is normally the type of electrical supply used directly by the pump’s motor. Three phase
voltage works very well for industrial type applications because it lends itself very well for pump
use. The electrical supply may also be stepped down inside of the motor starter for use as a control
voltage.

Evaporative Condensers- Similar to cooling towers, except the condenser is also the heat
exchanger. Condensers are normally used in industries where refrigeration is required. The
condenser passes its water directly over the hot refrigeration lines that pass through it. It too,
suffers from the same type of problems as found in cooling towers. It is made up of abasin, heat
exchanging tubes, pump and nozzles and afan to movethe air. The condensers can be used wet
(with water) or dry (no water, normally only used in the winter time dry).

Flow Meter- CHC has utilized aflow meter to aid in the flow setting through the corrosion rack.
The normal flow that wetry to achieveis5to 8 GPM. The flow meters are made by Blue and
White. You must test the flow meter with different flowsto verify that the bobbin moves freely
over the entirerange. When ordering aflow meter it isimportant to record the total flow aswell as
theinlet and outlet sizes.

Filtration Systems- Since the CHC treatment system creates crystalline debris by design, it isthe
Filtration systems job to remove this debris from the system. All CHC systems require some type
of filtration. CHC systems have incorporated ZGF, centrifugal separators, bag filters, cartridge
filters, Turbo Disk, Amiad, and Forsta filtration systems. Each of these systems are designed to
remove water borne debris. Some of them remove only larger particles while others cost more and
remove awider variety of particulate. Some require frequent user intervention to clean the media
while others are fully automated and clean themselves. It al depends upon how much the customer
iswilling to pay, how much interaction with the system they are willing to do, and what type of
water their system uses for makeup water.

Filtomat- (see Amiad)

FL A- Full Load Amperage of a motor, thisis the rated amperage draw for amotor that is working
at 100% load. If the pump motor is flowing more water that it israted for (pressure too low) than
the amperage will be above the FLA rating and if the pump has ablockage in the inlet or outlet so
that it isflowing little or no water the amperage rating will be far below the FLA rating as found on
the rating plate of the motor.
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Forsta Filter- Similar to the Amiad and the Orival Filtersit also is ascreen filter that is utilized by
CHC to remove lighter than water particles from the filter flow. Their housings are always
Stainless Steel constructed.

Gauge- CHC utilizes many gauges within our system. We only use stainless stedl, glycerin filled
gauges. It isimportant when ordering a replacement gauge to specify the range, units of measure,

if itisflanged or not and if the pressure connection is on the back (cbm) or on the lower edge of the
dial. EcoWater CHC requires that the replacement gauge’' s range be at least 20% larger than the
expected pressure being measured (if you expect 90 psi, then the gauge’ s maximum range should
be 120 psi.)

Globe Valve- A globevalveis used to control the flow within a pipe, as the round handleis turned
alargeflat plunger (valve seat) is pushed towards the valve body. Asthe plunger gets closer to the
valve body the flow diminishes, as it moves away the flow increases.

Head Pressures- Head pressures are used in refrigeration systems to identify the efficiency of the
heat exchange surfaces. If the heat exchanger is scaled up the head pressures will increase due to
the heat not being removed from the refrigerant due to possible scaling in the heat exchanger.

HOA Switch- The Hand Or Auto switch is the power switch on the motor starter that is used to
turn the power to the pump ON and OFF. Thisswitch isreferenced as an HOA switch even though
the switches used by CHC Systems are marked as ON and OFF only.

Magnesium hardness (Mg): Mg, like Ca, is leached from the soil by rainwater. It contributes to
the total hardness but is generally present at much lower levels than Ca. Magnesium hardnessis a
calculated number based on measured total hardness and calcium hardness:

Magnesium hardness = Total hardness - Calcium hardness

Make Up Water- Thisisthe water that is used to refresh the system water. Make Up can come
from city water, reclaimed water, well water, defrost water or most other source of water.
Typicaly, potable water is used for Make Up.

Motor Starter- A motor starter isthe box that controls the power to the pump. If the motor starter
includes a Power Disconnect, then the motor starter isa Combination Motor Starter. To specify a
replacement motor starter the input voltage is required, the HP of apump is required as well asits
configuration if it includes atimer or Control Station.

Motor Contactor- The motor contactor isfound within the motor starter box and acts like arelay
and upon the instruction of a control signal, will close and pass power to the motor of the pump.

Non-Chemical Water Treatment- The CHC technology uses apposing streams of water that are
forced together under high pressure at extreme speeds, as the two streams converge avortex is
created. Thisvortex places the molecules within the water under extreme stress due largely to the
significant vacuum created. The point of intersection of the streams (vortex) exhibits a sudden
temperature change as well as pressure change. The temperature rise can exceed 5000° while a
vacuum is created at the center of the vortex. These extreme pressure and temperature changes can
rip apart the molecular bonds that are found in the mgjority of waters impurities. This technology
can be used to diminish bacteria growth as well as degas the Co2 from the water and promote the
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formation of Calcium Carbonate crystalsin the free flowing water so that they do not aid in the
production of hard layered scale formation on the surfaces of the treated system.

Normally Closed Switch- Theterm Normally Closed (N.C) refersto atype of switch that when it
isinits normal position (not powered) that the switch contacts are closed. Voltage will pass
through anormally closed switch aswell asit will have continuity when tested withaDVM. Upon
turning the Switch ON, or applying power the switch will open, no longer passing voltage or being
conductive.

Normally Open Switch- Theterm Normally Open (N.O) refersto atype of switch that whenitis
initsnormal position (not powered) that the switch contacts are open. Voltage will not pass
through anormally open switch aswell asit will have no continuity when tested with aDV M.
Upon turning the Switch ON, or applying power the switch will close, passing voltage or becoming
conductive as tested with your DVM.

Oriface Plate- An orifice plate is aplate placed between two flanges with afixed orifice (hole of
specific size) init. The size of the hole restricts water and maintains a constant flow at specific
pressures. Some CHC systems utilizes orifice plates under the filters on combo skids to maintain
the required pressure and flow through the CHC chamber.

Orival Filter- Similar to the Amiad and the Forsta Filtersit also is a screen filter that is utilized by
EcoWater CHC to remove lighter than water particles from thefilter flow. Their housings are
always constructed of carbon steel and are orange in color.

pH: ThepH isameasure of acidity or alkalinity of water. pH < 7 isacidic, pH > 7 isakaline and
pH of 7 isneutral. As pH increases, water becomes less corrosive but the scaling tendency of some
insoluble salts, such as calcium carbonate and cal cium phosphate, increases. Each time you
descend a whole number (for example: from 7.0 to 6.0), the acidity of solution increases by afactor
of 10. Thus, apH of 6 is 1000 times more acidic than apH of 9. Normally under standard CHC
treatment the pH of the system water will rise above the pH of the makeup water. This standard of
operation can be useful when verifying the CHC operation.

PPE- Personal Protection Equipment- Normally EcoWater CHC requires the use of Steel Toe
Boots and protective eye wear while servicing our equipment. However, depending upon what is
being conducted other appropriate equipment may be required.

Power Supply- A Power Supply isan power converter that creates a different DC (Direct Current)
voltage. Most current CHC systems utilize a 24V DC power supply to create the required power for
the PLC and control circuits.

Pressure Sensor- A sensor that monitors the pressure and passes the actual pressure as an
electrical signal (transducer), or senses the pressure and closes or opens a electrical switch at the
specified pressure (Switch)

Pump Savers- These specia connecting tubes are designed to isolate the pump from the system
piping to minimize vibration, and reduce applied stresses on the plumbing system as the pump
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starts, stops, or during continued operation. The piping on most systems will expand and contract
with temperature changes and these changes in lengths will pass directly to the pump as applied
torque, possibly damaging the wet end if a pump saver is not used.

Pump- The pumps used in CHC systems are centrifugal pumps that may consist of a single stage
or multiple stages depending upon the requirements of the system. Pumps are normally identified
by being horizontal or vertical in construction, its HP (horse power rating) and size of itsimpeller.
These identifications are used to determine the exact GPM (gallon per minute) flow rate and head
pressure. Most pumps if they are leaking can be reworked in the field. Identify the type of pump
kit needed and request the kit from EcoWater CHC before proceeding to the customer site.

Purchases- A customer who decides to purchase our system will be responsible for all installation
costs as well asthe cost of the system. All of our systems are warranted against defects in parts for
aperiod of one year and labor for 90 days. During thefirst year after installation, Ecowater CHC
will support the system by completing mai ntenance visits to check up on the system’ s operation.

Purge Valve- The purge valveis an actuated valve that is placed on the drain line of a centrifugal
separator. It isopened to purge any solids out of the separator. Normally CHC systems cycle this
actuator on for 18 seconds at least once every 8 hours. Also known as a blow down valve.

Quarterly Maintenance- The quarterly maintenance is a more extensive service that is conducted
once a quarter and consists of the standard maintenance, but includes a more detailed operational
verification, system verification, and maintenance. During the quarterly Maintenance, the motor’s
amperage should be read and compared to the motor’ s rating. 'Y ou should also grease the motor
with the required lubricant. And clean and paint any rusty CHC system surfaces. And review the
condition of the towers. The customer will receive a copy of the Customer Service Report for their
records. This service will only be conducted by a qualified EcowWater CHC Service personnel with
few exceptions.

Relay- areay isan automated switch that when a control signal is present to its coil, it will
energize and close the contacts found within the relay allowing power to pass through the contacts.
When specifying areplacement for arelay, you must specify the control voltage, number of
contacts and any other information shown on the relay itself.

Roof Types- There are many roof types from tin, to rubber, to concrete, to composite, to what ever
you might find. Y ou need to understand what type of roof the customer has so you can design an
appropriate mounting system. If the customer has a rubber roof, EcoWwater CHC utilizes PHP type
feet to mount the equipment directly onto the roof. Refer to www.PHP.com for further information
on these pedestal feet. Other surfaces may require the use of a platform to support the CHC skids.

Routine Maintenance- Routine Maintenance consists of verifying the operation of a CHC system,
basic care and water analysis. Bacteriatesting viaaDip Strip Test is conducted during a Routine
Maintenance visit. The customer is given a copy of the Customer Service Report that details the
findings of the maintenance. The Routine Maintenance can be conducted by a qualified
Manufacturing Representative if available. The customer will receive a copy of the Customer
Service Report for their records. This service will only be conducted by qualified Ecowater CHC
Service personnel who have been trained on the function of the system with few exceptions.
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Rydlyme- A buffered acid that is used to remove scale. It is astable product that can be shipped
without problem or sent down the drain once used. It isrecommended to use the appropriate PPE
when using this product (Eyewear and gloves, if gloves are not available, wash any skid that
comes in contact with the Rydlyme with a mild soap and water solution)

Scale - Minerals such as calcium and magnesium are relatively insoluble in water and can form
scale deposits when exposed to conditions commonly found in cooling water systems. A layer of
scale asthin as 1/64 inch can reduce heat exchanger efficiency by 15%. Scale formation can be
controlled by scale inhibitors such as threshold inhibition chemicals and scale conditioners.
Chemical treatments include acids, polymers and polyphosphates which prevent scale formation by
keeping the scale-forming minerals in solution to prevent deposits from forming. Ecowater’s CHC
treatment will normally cause a thin soft scale formation on the surfaces of the towers. This
inhibition layer should be soft and easily removed with the rubbing of a hand or strong water flow.

Solenoid Valve- A solenoid valveisavalvethat isopened or closed in response to an electrical
signal sent across the coil. Solenoid valves can comein 2 or 3 way configurations (refers to the
number of connections on the valve). It isimportant to reference the part number on the valve
when ordering a replacement, this part number is found on the coil and it specifies the valve size as
well as the control voltage requirements.

Sweeper Jet or Nozzle- aso caled Eductors, The sweeper nozzles come in many sizes from 3
GPM all theway up to 33 GPM. They use this primary flow pushed through a venturi to increase
flow and push or sweep debris along the bottom of atower’s basin towards the suction manifold.
When ordering a replacement sweeper jet, it is very important to replace it with the same GPM
flow. If you do not recognize the size, measure the length as well as the connection size for
reference when calling for a replacement.

Thermal Overload- Thethermal overload is connected to the motor contactor and itsjob isto
monitor the continuous amperage draw of the pump motor. When the therma overload identifies
that the pump is pulling too much amperage, it will automatically turn off the power. Most systems
will automatically reset the thermal overload if the Power disconnect is turned OFF and back ON.
The setting of the amperage trip point is cal culated by the motor’s amperage x 1.15.

Timer- EcoWater CHC systems have used atimer to activate the purge actuator for the evacuation
of solids from the centrifugal separator. Thistimer has controls that allow for the setting of the ON
and OFF times, please refer to the reference section of this manual for specific instructions on the
set up of the Timers used by the CHC treatment systems.

Toroidal Sensor- The Toroidal conductivity sensor isa sensor that does allow the direct contact of
the electrical signal to the water it is monitoring. Non-Toroidal sensors will have two e ectrical
connections that pass asignal directly through the water to monitor the conductivity. A Toroidal
probe uses two electrical coils, one with aprimary AC signa passing through it and the second is
the pick up coil. Aswater passes between the two coils, the amount of solids within the water
allow a portion of the primaries signal to pass to the secondary coil, the actual amount of signal that
passes through to the secondary coil is used to judge the amount of dissolved solids in the water.

Total Dissolved Solid (TDS): TDSisthetotal concentration of dissolved components, such as
salts and sugar. Salts, like NaCl, dissociate into ions; while some organic matters, like sugar, do
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not break up into ions when dissolved in water. There are different approaches to determine TDS,
but it is commonly estimated from conductivity.

Total hardness: Thisisthe sum of Caand Mg hardness. Fe (Iron), Mn (Manganese), Al
(Aluminum) and other metals also contribute to the total hardness but these substances are usually
present in such small quantities that they can be ignored. Hard waters are generally considered to
be those waters that require considerable amounts of soap to produce afoam or lather, and that also
produce scale in hot water pipes, heaters, boilers, and other units in which temperature of water is
increased materially.

Transducer or Transmitter- Pressure transducers are also called transmitters and they act like a
variableresistor to aDC Voltage that is sent to the PLC. Asthe pressure increases the voltage that
is released by the transmitter increases, while as the pressure decreases the output voltage also
decreases.

Transformer- A transformer is used to convert one type of AC voltage to another. Y ou can have
step up and step down transformers. Some CHC systems used primarily step down transformers to
convert the electrical supply voltage (normally 480V 60 HZ in the US) to alower stepped down
voltage to use for the control circuit’s supply (normally 120 VAC). Transformers arerated for a
voltage and should only be replaced with equivaent parts. All CHC motor starter boxes with a
timer, contain a 100V A, center tapped transformer that creates 120V from the 480 Volt supply.
Older Older cabinet style CHC units utilize a 50V A transformer, that creates 24V AC from the 480
Volt supply.

Turbo Disks- Verify similar to ZGF systems these automated filtration systems also strain out
debris from the filtration water flow. They also conduct automated back washes to remove debris
from the filtration disks.

Uses of the CHC Technology- The technology not only has applications in water treatment, it has
also been found to be beneficial in many other possible applications from mixing to treatment of
human waste to oil processing. These other uses continue to be researched and will be defined in
the future. The strongest use of our technology can be found in the Water Tower Treatment.
Cooling towers and Condensers are the primary users of our technology when we talk about Water
Towers.

Water Analysiss Thewater analysisisachemical anaysis of the water sample taken from the
customer’slocation. The results of this analysiswill be returned to the appropriate personnel upon
completion. The water analysis requires an appropriate water sample to be taken and then sent to
EcoWater CHC for analysis. Follow the Water Sampling Procedure to secure appropriate water
samples. The water samples can be sent to EcoWater upon acquisition, or can be sent at the end of
the week for convenience.

White Rust- Whiterust is acorrosion of the galvanizing surfaces of a cooling tower. Unlike
normal scale, it will not dissolvein acid or Rydlyme and is very waxy in consistency. It also looks
like greasy ckicken pox covering a surface, because it is not consistent with alayer type scale over
tubes.
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ZGF Systems- ZGF Systems are automated filtration systems that strain out debris from the
filtration water flow and then remove debris by conducting a back wash to pass the debris towards
thedrain. Most ZGF systemsrequire at least 115 TDH pumps to guarantee adequate flow force for
back washing. For more information go to www.ZeroGravityFilters.com. EcoWater CHC has used
the Easy Clean (single or double e ement systems), Phoenix (set of 6 elements, they also comein a
dual Phoenix systems) and the S-2000 units.
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3.0 THEORY OF OPERATION

EcoWater CHC supplies both water treatment and filtration systems.

CHC Water Treatment System-

The CHC Water Treatment System consists of a pump and treatment chamber. Aswater entersinto the
main suction pipe it passes through the basket strainer. The basket strainer is designed to remove any
large particles from the water before it enters the CHC pump. Isolation valves are located at both the
inlet and outlet of the basket strainer and are used to isolate the basket strainer from the water flow
during servicing. The pump utilizes a centrifugal pump to pressurize the water to the required pressure
for the Hydrodynamic Cavitation to occur in the CHC treatment chamber. The CHC treatment
chamber consists of two proprietary nozzles that create a high speed water stream that are aimed
directly at the opposing water stream. As these two streams collide, avortex is created, it iswithin this
vortex that the Hydrodynamic Cavitation cloud is created. The pressure regulation valve located on the
discharge of the CHC chamber is used to control the required 2-5 psi back pressure for appropriate
operation of the chamber. Aswater leaves the chamber it then passes through the discharge pipe and
back to the tower’ s sump. A vent may be provided at the top of the discharge pipe, to break any
vacuum that could be created as the water suddenly drops into the sump.

CHC Skid

Tower Suction 2B CHC Chamber | B = quer CHC
N@NI @ Assembly "'N < Dlschar;ve >

Refer to the CHC web site (www.ecowaterchc.com) for more information regarding the CHC
chamber’ s configuration and the technology behind its operation.

Filtration System-

Aswater isdrawn in from the basin it passes through the main suction pipe and passes through the
basket strainer. The basket strainer is designed to remove any large particles from the water before the
water passes to the pump. Isolation valves are placed on both the inlet and outlet of the basket strainer
to alow for isolation of the basket strainer during the required servicing. The water then enters the
skid pump. The skid pump utilizes a centrifugal pump that delivers water to the filtration system. As
the water leaves the pump it passes through a centrifugal separator that removes all heavier than water
particles. A timed purge cycle, removes the debris from the separator and passesit to the drain as
needed. Once past the separator, water then flows back towards the tower while aportion is pulled
through a side stream, automated screen filtration unit. This second stage filter, utilizes afine screen to
filter out any particulate out of the water stream that may be lighter than water. Asthefilter’s screen
becomes clogged, the differential pressure between Inlet and Outlet increases causing the PLC to
initiate a back wash of thefilter. When aback wash isinitiated, water is driven into the rinse piston at
the end of the filter. The rinse piston opens the back wash drain valve, and as water passes out of the
drain it crease a Venturi effect that is used to suck off any debris from the filter’s screen. Oncethe
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back wash is complete, the controller will cease all water flow to the rinse piston and the filter will
return to a home position. At the end of the filtration back wash cycle, the PLC verifiesfilter
cleanliness, and if the filter did not clean it’s screen appropriately, a second back wash may begin. The
filter’ s back wash cycle is aso controlled by atimer, the timer has been set to automatically clean the
filter at least once every 6 hours of operation. All operational failures are shown within the Control
Station’s Filter Alert Area.
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Toroidal Conductivity-

EcoWater has chosen to utilize a Toroidal Conductivity Sensor. Conductivity is a measurement of the
dissolved solids within water. This sensor is utilized to help control the overall maximum conductivity
of the system water.

The advantage of this technology is measurement without any electrical contact between the electrode
and the process fluid. The probe uses two toroidal transformers which are inductively coupled side by
side and encased in aplastic sheath. The controller supplies a high frequency reference voltage to the
first toroid or drive coil which generates a strong magnetic field. Asthe liquid containing conductive
ions passes thru the hole of the sensor, it acts as a one turn secondary winding. The passage of this
fluid then induces a current proportional to the voltage induced by the magnetic field. The conductance
of the one turn winding is measured according to Ohm'slaw. The conductance is proportional to the
specific conductivity of the fluid and a constant factor determined by the geometry and installation of
the sensor. The second toroid or receiving coil aso is affected by the passage of the fluid in asimilar
fashion. Theliquid passing thru the second toroid also acts as aliquid turn or primary winding in the
second toroidal transformer. The current generated by the fluid creates a magnetic field in the second
toroid. Theinduced current from the receiving coil is measured as an output to the instrument. The
controller converts the signal from the sensor to specific conductivity of the processliquid. Although
the toroidal probeisless subject to calibration errors or buildups on the sensor, it is still important that
the probe be cleaned and calibrated at |east once every three months. Please refer to the appropriate
sections of this manual for further information.
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pH Monitoring (Optional)-

Ecowater has chosen to utilize an industrial pH probe for this measurement. A pH meter isan
electronic instrument used for measuring the pH (acidity or alkalinity) of aliquid. The pH probe
measures pH as the activity of hydrogen cations surrounding athin-walled glass bulb at itstip. The
probe produces a small voltage (about 0.06 volt per pH unit) that is measured and displayed as pH units
by the CHC Control Station (CHCCS). The pH probe is a combination el ectrode, which combines both
the glass and reference electrodes into one body. It isimportant that this probe be clean and calibrated
at regular intervals, please refer to the appropriate sections of this manual for specific information.
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3.3 HOW CHC WORKS

CHC chemical-free cooling water treatment has been in service over 15 years and is unlike all other
non-chemical technologies currently available. The technology essentially consists of two side-stream
water loops typically connected into the sump or basin of the cooling tower/evaporative condenser. One
loop acts as a side stream filter. The second side stream loop is where cooling water passes through a
pair of horizontally opposed vortices and is accelerated to a very high velocity at the discharge. At the
point of discharge, the two opposing water streams (whose internal rotation is opposite from one another)
collide, creating hydrodynamic cavitation, shear force, and vacuum.

This sudden lowering of pressure into a vacuum state forces the release of dissolved carbon dioxide
(CO2) from the water. This release of COzin turn, causes calcium carbonate to immediately drop out of
solution into suspension where it is removed by filtration. Unlike other non-chemical technologies, CHC

is relatively impervious to alkaline or acidic source water, high or low pH, hardness, TSS or TDS, all of
which are parameters that may render other forms of cooling water treatment less desirable. Additionally,
it is relatively easy for operational personnel to see if this system is working, because it can be either
remotely monitored or monitored on-site by physical observation of the pump status and a vacuum gauge
which measures vacuum being created inside the CHC chamber.

System Operation: Water is pumped from the sump/basin of the cooling tower/condenser and into the
pressure-equalizing chamber. It is then channeled into precision-manufactured nozzles (vortices) that are
configured to impart a specific rotation and velocity to the water streams. The circular motion of the water
is accelerated as the stream flows through the nozzles and the resultant discharge is a conical stream.
The opposing cones collide in the low-pressure stage (stabilizing chamber) to form a circular zone of very
high shear force and high vacuum caused by the collapse of micrometer-sized bubbles and cavities.
Essentially, the pressure change causes hydrodynamic cavitation with locally high temperature at the
point of collision. This cavitation creates solid particles, and the rapid change in pressure to a vacuum
causes the cell walls of microorganisms to burst, thus Killing the cell. Finally, the hydrogen-bonding
molecular arrays of water are broken down, thereby allowing entrapped gasses (such as CO32) to be
released and off-gassed to atmosphere. The remaining energy dissipates as turbulent flow, and the
treated water exits the unit at ambient pressure. Suspended matter is removed from the sump/basin via a
second side stream loop designed to sweep the debris from the floor of the sump into the automatic filter
or centrifugal separator. The filter is automatically backwashed to remove solid matter on a timed basis
and is then sent to waste.

Biological Control: CHC technology is in sharp contrast to chlorine or bromine treatments that degrade
over time and require constant additions. During biocide dosage the bacteria cell must ingest chlorine or
bromine. This often takes up to 30 minutes if and when the cell comes in contact with a chlorine molecule,
and is therefore not always 100 percent effective. CHC technology causes a combination of physical
changes to take place in the water that disrupt the cell membranes of biological matter, ultimately
destroying the cell. Every cell pumped through the system is subjected to vacuum, high pressure, kinetic
energy, high velocity collision, shear energy, and localized high temperatures. The pressure of the fluid
inside the cell wall is in balance with ambient water pressure prior to its entrance into the CHC chamber.
However, the pressure differential becomes relatively high once the cell enters the low-pressure stage that is in
vacuum, resulting in a pressure imbalance between the inside and outside of the cell. The cell wall cannot
withstand the pressure differential and the cell wall ruptures, dispersing the cell cytoplasm. After the lowpressure
stage, localized high temperature and high pressure at the intersection point of the vortices also

kills additional bacteria and cell life.

Scale and Hardness Control: Cooling systems build up scale over time due to the addition and
concentration of soluble calcium often in the form of calcium bicarbonate. Calcium bicarbonate can
decompose to yield insoluble calcium carbonate and carbonic acid with any changes in temperature and
pressure. Carbonic acid can further decompose to carbon dioxide and water. (Ca(HCQOz3)z2)«—
CaCO3+CO2+H20, or (Calcium bicarbonate) «— (Calcium carbonate) + (carbon dioxide) + (water). At a
given temperature and pressure, this equation is in equilibrium with no chemical reaction taking place.
Once the pressure is lowered to a vacuum in the low pressure stage, the COz equilibrium is shifted
between aqueous and gas phase, causing dissolved CO:zto release to the gas phase. This phenomenon,
together with the high localized temperature created by the collision of the conical water streams,
decreases the solubility of calcium in water and a simultaneous elevation of water pH, which, in turn,
causes a massive formation of calcium carbonate precipitate. Soluble calcium carbonate species
concentrations are thus depleted (by design) both via de-adsorption of CO2and the precipitation of
CaCOs. As the water stream leaves the CHC unit it enters the sump/basin where the water pressure is

22



stabilized (at atmospheric pressure) and the velocity of the water slows down. Submicron particles of
calcium carbonate called colloids are formed and flow with the water. These become thermodynamically
favored incubation sites to grow crystals composed of Caz+ and HCOsions versus metal surfaces in the
system. As the molecules agglomerate, they become heavy and sink to the basin/sump floor. At this
point, the resultant calcium scale is removed via the side stream filter or centrifugal separator and
collection system. This device is periodically backwashed to remove entrapped calcium and other
suspended matter.

Corrosion Protection: Corrosion occurs in a system due to several phenomena mentioned earlier in this
report. All waters are corrosive to some degree; however, the level of corrosive tendency will depend
upon its physical and chemical characteristics. The materials that a given water supply will negatively
affect may differ. For example, water that is corrosive to galvanized pipe may not be corrosive to mild
steel. Corrosion inhibitors that protect one material may have no effect on other materials. Biological
growth in a piping system can also cause corrosion by providing an environment in which physical and
chemical interactions can occur. Several types of system level problems can occur if cooling water
systems are left untreated. A major source of corrosion is the addition of the bio-inhibiting chemicals
themselves. This is true especially when “shocking” is required as chemicals lose effectiveness over time
and a chemical alternative is administered. By the time this new chemical, usually bromine or chlorinebased,
is put into service the biological growth in the system has gotten out of control such that a “super
concentration” of biocide is required. These chemicals tend to be very corrosive. A layer of biofouling on
any surface in the condenser water system acts as a haven for aerobic and anaerobic activity, bacteria
formation, scale accumulation and potential corrosion. By eliminating biofouling, the potential for corrosive
activity is greatly diminished. CHC operating parameters and the absence of chemicals allow the pH

level to be elevated in the range of 8.5 to 9.0. At these values both iron and copper are protected from
oxidation corrosion, which cannot operate in an alkaline state. Under these conditions metals are allowed
to establish a thin layer of natural protection, which is not penetrated by system water or dissolved
oxygen.
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4.0 TEST EQIPMENT and PPE

This section has been constructed to define the appropriate usage for a DVM (Digital Volt
Meter), Conductivity Pocket Meter ,Ultrasonic flow meter, other equipment aswell as PPE
(Personal Protection Equipment) and Safety Practices.

4.0 Safety Requirementss (Updated May, 2014)

THE SAFETY OF EcoWater CHC PERSONNEL MUST ALWAYSBE
TAKEN SERIOUSLY, AND DONE RIGHT WITHOUT REGARD
FOR TIME REQUIRED TO DO THE JOB SAFELY. YOUR LIFE
MAY DEPEND UPON IT!

EcoWater CHC REQUIRES you to follow all safety regulations as set forth by EcoWater management
and requires you to follow all training and or instruction you have been given by EcoWater. If you are
found not following thisinstruction, you will be warned only once, upon continued failure to follow
our requirements, you will be terminated.

All CHC Requirements are superseded by any Customer Safety Requirement. Before doing any work
at a Customer Site, you are required to check with the customer to obtain any training and/or safety
instructions that may pertain to your work.

Y ou must follow these instructions at al times and are required to contact your supervisor, if any safety
reguirements are not understood, or you will have any problems performing them.

EcoWater CHC has a Safety Board located in the Hallway to manufacturing for those personnel
working within our facility. This location includes the MSDS logs for those products used within our
facility. If any field personnel wishes, CHC will provide this same information for your review and or
use. Itisyour responsibility to acquire any MSDS sheets for products that were not provided by
EcoWater and use them. Please copy EcoWater on an MSDS sheets that you receive on chemicas
used on the behalf of EcoWater.

Y ou must contain aworking knowledge of the information found within this document, and be able to
show the ability to utilize this information at all times. This information will be covered within your
training regime at point of hire. You will also participate in yearly examinations and updates of your
working knowledge.

IF YOU HAVE ANY QUESTIONS OR CONCERNSCONTACT CARL STEFFEN AT cell 210-
857-5252.
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Site Safety-

Site Safety isavery important part of your work ethics when working with Ecowater CHC. Site
Safety is required when you go to ANY Customer Site.

You MUST verify thefollowing upon any attempt to work at a customer site:

1
2.

10.

11.

12.

13.

You must be familiar with the Emer gency Notifications systemsused at the site.

You must be familiar with all Emergency Evacuation Routes as assigned by the
customer .

You must be familiar with all Emergency Notification Requirements as set forth by the
customer. Thisincludes understanding who to contact upon an Emer gency and/or
incident.

If the customer has any required safety training, you must be trained and follow all
training while at their location.

If the customer requiresany special PPE, you must comply with that request before
any work is conducted.

You must notify the customer of your intent to work on the equipment at the site, and
the customer must know your location at all times, while on the customer’s premises.

You arenot allowed to do any work at a site without the customer being awar e of your
presence at their facility.

All PPE must be up to date and inspected before use, do not assumethat its protection
and/or function isadequate and safe. Thisincludesany customer supplied PPE.

You must utilizethe PPE asinstructed.

You must notify the customer of any possible Hot Work, and/or use of Hazar dous
materials while on site, and make sure you havether approval and have met the site's
safety requirements before any work isdone. The customer and you must have a
copy of any intended use chemical’s M SDS shest.

You will not enter any Confined Spaces without customer approval or without the use
of appropriate ventilation and or testing equipment.

Y ou will not perform any Hot Work without an appropriate fire suppression system
within arm’sreach. Any Hot Work inside of a Cooling Tower requiresyou to have
used the appropriate methods of fire control and monitoring. If a penetration isbeing
madein a tower, you must have an observer on the outside of the tower to monitor for
fire hazards.

Never work on eectricity if you do not have the appropriate equipment, training, or it
israining.
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14. Always use appropriate Lock Out and Tag Out procedur es when entering a tower or
wor king on a motor starter. Remember the most important item for Lock Out and
Tag Out, is notification of the customer.

15. Useyour brain, it isyour most important PPE.

Per sonal Protective Equipment-
EcoWater strongly recommends the use of PPE to protect yourself. Equipment on our skids are heavy
and we recommend the use of Steel Toe Safety shoes whenever servicing requires the removal or
installation of any heavy items.

The use of gloves is recommended whenever damage or cuts may be possible. It isup to you to use the
gloves that were provided for your use.

The use of eye protection is recommended whenever you are at a customer site. If you are using any
power equipment, you ARE REQUIRED use the appropriate eye wear. If you are using any chemicals,
you MUST use the appropriate eye wear. If you have prescription safety eye wear, you MUST use
your prescribed eye wear whenever possible.

If using any strong chemicals, refer to the MSDS sheet or contact EcoWater CHC for further PPE
requirements that must be used. Respirators, face shields, protective clothing and gloves MAY BE
REQUIRED AND MUST be used if recommended by the MSDS sheet or by EcoWater.

NEVER assumeyou will be alright, ALWAY protect yourself, usethe prescribed PPE.

If you will be working on aladder or scaffolding higher than 10 feet, you must work with another
person and you must follow tie off rules and use a safety harness. If you do not have one, one will be
provided for you or one can be purchased for your use (Verify that the specifications meet your
intended use.

If you are working at anew facility or any other facility where construction isin progress you must
wear a bump cap to protect you head.

The customer site may require the use of specific PPE, Always ask what PPE isrequired, if the
customer will not provide it, you will haveto obtain it.

If the customer requires you to go through any specific Safety Training, please do.
Contact EcoWater CHC to identify that customer as a customer requiring additional safety training.

Safely using your PPE-

e Alwaysclean and inspect your PPE.
If your PPE isdamaged, you must replaceit.
If you areunsure how to useyour PPE, then ask.
Protect yourself, your body isthe only oneyou have.
Follow Procedures.
Your brain isthe most important PPE.
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Electrical Safety-
This procedure establishes the minimum requirements for any electrical work that will be done on a
customer’s site. 'Y ou must comply with these requirements at al times. Failure to do so, may cause
death.

You WILL NOT work on any supply connectionsfor power. A licensed electrician or customer
supplied electrician isrequired for any work conducted on electrical supplies.

You WILL NOT do any electrical work in the RAIN, and/or standing water .
You WILL NOT do any electrical work on live circuits. You must verify loss of power through
the use of ahand held Multi Meter, and or verified electrical tester before any work on existing

wiring or componentsis conducted.

You WILL useLock Out/Tag Out procedureswhen working on eectrical systemswithin the
CHC skid.

You WILL inspect your test equipment before use.
You WILL NOT use any test equipment with defective leads.
You WILL use safety glasses when troubleshooting electrical circuits.

Follow all safety guidelines asinstructed to you during your electrical safety training.

If any problems ar e encounter ed you must notify Ecowater CHC management as well asthe
customer .
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Hot Work Procedure
This procedure establishes the minimum requirements for the safe use of flames, flammables and or
spark creating equipment. Y ou must always instruct the customer whenever Hot Work will be
conducted. Many customers have Hot Work procedures in place and you must comply with all
customer related Hot Work Requirements including the use of Hot Work Permits.

Before any Hot Work is conducted you must have a working knowledge of Safety Reporting and/or
Emergency Reaction steps that may be needed. Y ou must be prepared for the work and you must take
precautions to minimize any accidents. Y ou must be aware of your surroundings and any possible
combustibles that may be affected. If you cannot view all sparks that are generated due to the location
your work is being conducted in, then you must use someone to monitor the sparksin their entirety
until cool on the other side of the obstruction.

Prevention is always easier than correction of problems created due to Hot Work. Thisincludes
understanding that any material you will be working on may be hot and could cause other problems as
it falls off your work.

Hot Work Requirements:

Customer Notification

Permit Completion and Filing when applicable.

Locate Fire Alarms and Evacuation Routes

Move an appropriate Fire Extinguisher into your work area

Control any Combustibles

Usea Monitor as needed

Useyour PPE

Prepare Work Space to ensure minimization of damage caused by sparksor direct
heat.
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Once the Hot Work is completed you must clean up any debris and or safety gear and make sure the
site is better than it may have been when you arrived.

If any problems ar e encounter ed you must notify Ecowater CHC management as well asthe
customer .
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Lock Out, Tag Out Procedure
This procedure establishes the minimum requirements for the lockout of energy isolating devices
whenever maintenance or servicing is done on machines or equipment. It shall be used to ensure that
the machine or equipment is stopped, isolated from all potentially hazardous energy sources and locked
out before employees perform any servicing or maintenance where the unexpected energization or
start-up of the machine or equipment or release of stored energy could causeinjury.

All employees are required to comply with the restrictions and limitations imposed upon them during
the use of lockout. The authorized employees are required to perform the lockout in accordance with
this procedure. All employees, upon observing a machine or piece of equipment which islocked out to
perform servicing or maintenance shall not attempt to start, energize, or use that machine or equipment.

Sequence of Lockout

(1) Notify all affected employees that servicing or maintenance is required on a machine or equipment
and that the machine or equipment must be shut down and locked out to perform the servicing or
mai ntenance.

(2) The authorized empl oyee shall refer to the company procedure to identify the type and magnitude
of the energy that the machine or equipment utilizes, shall understand the hazards of the energy, and
shall know the methods to control the energy.

(3) If the machine or equipment is operating, shut it down by the normal stopping procedure (depress
the stop button, open switch, close valve, etc.).

(4) De-activate the energy isolating device(s) so that the machine or equipment isisolated from the
energy source(s).

(5) Lock out the energy isolating device(s) with assigned individua 1ock(s).

(6) Stored or residual energy (such asthat in capacitors, springs, elevated machine members, rotating
flywheels, hydraulic systems, and air, gas, steam, or water pressure, etc.) must be dissipated or
restrained by methods such as grounding, repositioning, blocking, bleeding down, etc.

(7) Ensure that the equipment is disconnected from the energy source(s) by first checking that no
personnel are exposed, then verify the isolation of the equipment by operating the push button or other
normal operating control(s) or by testing to make certain the equipment will not operate.

Caution: Return operating control (s) to neutral or "off" position after verifying the isolation of the
equipment.

(8) The machine or equipment is now locked out.

Restoring Equipment to Service

When the servicing or maintenance is completed and the machine or equipment is ready to return to
normal operating condition, the following steps shall be taken.
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(1) Check the machine or equipment and the immediate area around the machine to ensure that
nonessential items have been removed and that the machine or equipment components are
operationally intact.

(2) Check the work area to ensure that all employees have been safely positioned or removed from the
area.

(3) Verify that the controls are in neutral.

(4) Remove the lockout devices and reenergize the machine or equipment. Note: The removal of some
forms of blocking may require re-energization of the machine before safe removal.

(5) Notify affected employees that the servicing or maintenance is completed and the machine or
equipment is ready for used.

If any problems ar e encounter ed you must notify Ecowater CHC management as well asthe
customer .

Confined Spaces
This procedure establishes the minimum requirements for the safe entry into a confined space. A
structure may be indicated as a confined space may be due lack of ventilation (Tank or sump) or the
proximity to moving objects (Fan Blades in an Evaporative Condenser). It isimperative that
appropriate precautions be taken when entering a confines space to ensure brain damage or death do
not occur in atank or sump dueto the lack of oxygen or inhalation of other harmful gasses or loss of
limb or life do not occur due to coming in contact with a moving object.

Always consult with a customer when entering a confined space and in most cases, it will require
someone to monitor you from a safe distance during your entry.

When entering atank or sump, gasses can build up that are harmful to your health and it isimperative
that appropriate ventilation be given. It isimperative that you require the use of someone to monitor
your condition when entering a confined space.

Y ou will be required to monitor the air’ s oxygen levels with a continuous monitoring meter before and
during entry into the space. All workers within the space are required to utilize appropriate PPE and
restraints connected to an externa surface. Please refer to the instructions on the Oxygen monitor for
minimal safe levels for entry, BEFORE entry into the tank or sump.

When entering into a Cooling tower, always stop the water flow and continue the fan operation for a
period of at least 5 minutes to evacuate any harmful gasses from the tower.

Utilize Lock Out/Tag Out procedures to secure all controls for the tower’s pump and fans before entry.

Notify the customer when all work is done in the confined space and remove any safeties that were
added during entry.
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Confined Space Entry Requirements:

NogogkrwbhpE

Customer Notification

Use Appropriate PPE

Use Appropriate Ventilation

Use an Approved/Operational Verified Oxygen Monitor

Secureall workerswith restraintsto an outside surface of the tank or sump.
Use Lock Out / Tag Out Procedures

Use someone external to the confined space as a monitor.

Use of Combustibles Procedure

This procedure establishes the minimum requirements for the safe use of Combustibles. Before using
any Chemicals make sure and review the MSDS sheets to recognize their flammability. Remember just
because the chemicals may not be flammable as aliquid does not mean itisn’t

flammable as a vapor.

Y ou must always instruct the customer whenever combustibles may be used.

Prevention is always easier than correction of problems created due to the inappropriate use of

combustibles.

Hot Work Requirements:

9.
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Customer Notification

Locate Fire Alarms and Evacuation Routes

Identify Combustiblesin an appropriate manner, and container.

Move an appropriate Fire Extinguisher into your work area

Control any Combustiblesin methods as defined on their MSDS

Usea Monitor as needed

Useyour PPE

Prepare Work Space to ensure minimization of damage caused by sparksor direct
heat.

Use appropriate ventilation.

10. DO NOT use combustiblesin areas where open flames or sparks are present.

Once the work is completed you must clean up any debris and or safety gear and make surethe siteis
better than it may have been when you arrived.

If any problems ar e encounter ed you must notify Ecowater CHC management as well asthe

customer .
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Use of Corrosives Procedure
This procedure establishes the minimum requirements for the safe use of Corrosives. Before using any
Chemicals make sure and review the MSDS sheets to recognize their corrosively. The MSDS
Specifies the Safe Handling, usage precautions, cleanup and disposal. Y ou must understand the
handling requirements and or usage, before attempting to use the chemicals.

Y ou must always instruct the customer whenever corrosives may be used.

Prevention is always easier than correction of problems created due to the inappropriate use of
COIrosives.

How Work Requirements:

Customer Notification

Locate Fire Alarms and Evacuation Routes

L ocate eye wash and other washing facilities.

Identify Corrosivesin an appropriate manner, and container.
Move an appropriate Fire Extinguisher into your work area
Control any Corrosivesin methods as defined on their MSDS
Useyour PPE

Use appropriate ventilation.

. DO NOT usecorrosivesin mannersthat are not described on the MSDS.
10. Ask Customer about any specialized per mits needed for disposal.
11. Corrosives must be neutralized before disposal.

12. Flush all drainsfor a period of at least 15 minutes after disposal.
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Upon any Spills:
1. Utilizetheinstructions as specified within the M SDS sheet, DO NOT assume you know
the appropriate methodsfor cleaning up the Chemicals.
2. You must notify EcoWater CHC Management upon any spill.

Once the work is completed you must clean up any debris and or safety gear and make sure the siteis
better than it may have been when you arrived.

If any problems ar e encountered you must notify EcoWater CHC management aswell asthe
customer.
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Use of Fire Extinguishers
This procedure establishes the minimum requirements for the safe use of a Fire Extinguisher.

Remember, the use of a Fire Extinguisher requires you to be safe at al times. Do no use the
extinguisher in amanner that would allow you to be blocked by flames from your escape route.

Thingsto remember about Extinguishers:

1. Makesureyour extinguisher israted for the type of work being done and fire that
may be encounter ed.

2. During small fires, the use of a Fire Extinguisher isonly for useto aid in your removal
fromthearea. If you have been previously trained with the use of a Fire Extinguisher,
then pull the pin, aim the hose at the base of the fire and squeeze thetrigger. If the
fireison top of a combustible liquid, do not aim at the base, but rater at the mid to top
of theflames to reduce any spreading of the burning material. At any time, if thefire
does not want to extinguish to takes mor e than a couple of minutes, NOTIFY THE
CUSTOMER and or Fire Department.

3. When alargefireerupts, NOTIFY CUSTOMER IMMEADEATELY and usethe
extinguisher to aid in your removal from thearea. Make surethefirealarm hasbeen
sounded and evacuate to the appropriate location as specified by the customer.

4. If you ever haveto evacuate, locate the customer representative who isresponsible for
you, and check in to make surethey know you have made it out of the building.

5. Dispose of the extinguisher asinstructed by the Customer.

Contact EcoWater CHC Management.

Incident Reporting
This procedure establishes the minimum requirements for reporting any mishaps and/or injuriesto a
EcoWater CHC employee.

Upon any mishap, you must contact the customer and any other personnel the customer directs you to
IMEADIATELY. You must also contact EcoWater CHC Management IMEADIATELY. If you are
unable to contact the customer, call 911 as needed.

Notifications:

Type of Mishap/Incident

People Notified

Date of Mishap/Incident

Injury typeand or degree

Actionstaken for Mitigation

L ocation, time and name of physician or hospital visit.
Report from said care giver.

Updates asrequested from Ecowater CHC M anagement.
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It isour intension that you are taken care of as quickly as possible, if one of the above notificationsis
delayed due to the requirements of care, please alert usto that standing after the fact.
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In most cases awritten explanation of the Mishap and/or Incident will berequired, please
provide as requested.

4.1 Digital Volt Meter-

The DVM isameter that can be used to Test Voltages, Amperages, component continuity as well as
other uses. A DVM should not be used if any physical damage to the device or its probes have been
found.

Each DVM isdifferent and its labeling and appearance can change. Hereis an example of aDVM and
you will seeto theright, that there are severa possible symbols for each function. (Example only,
may not represent your meter)

AC AMP Clamp

Voltage DC=V,VDC, DC,
Voltage AC=V, VAC, AC,
Amperage = A, AAC, A
Continuity =0, K], )

[

— Display

Black Lead = Common

—Selector Red Lead = Volts supply

— Probe connections

The function of the meter depends upon the function Selector and its position. Here are some examples
of when to use each function:

Voltage DC (VDC or V+/-)- Uses the Probes and measures direct current voltages. The black lead
will go onto a ground or negative wire or V- connection and the red lead will go onto the power or +
wire or terminal. The Display must show the DC Voltage indicator. (Uses can include measuring the
voltage of a battery, or DC power supply, or aDC control voltage or Analog transmitter signal.)

Voltage AC (VAC or V~)- Usesthe Probesto measure alternating current voltages. The black or red
probes must be placed on the powers, or power and neutral, or power and ground to measure the
voltage. (Uses can include measuring the voltage on a motor, motor contactor, electrical supply, control
voltage if AC)

Amperage (AC)- Usesthe AC Amp Clamp and it will measure the AC Amperage passing through a
wire to amotor or other power load.

Continuity- Uses the Probes and measures the resistance to power passed through an object from the
black probe to the red probe. Most DVMs will also beep as the continuity is verified. Thisfunction
can be used to verify if afuseisgood (0 2 on display and beep sounded) or bad 1. 0 will be shown
on the display and the fuse must be replaced. It can also be used to verify any coil, wire, or connection
for continuity. A coil will have an indication of some resistance (2000 Kn), awire or connection
should indicate 0 2 and sound the beep. Thisfunction should never be used while power isapplied
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to thecircuit and you should never verify the continuity of an object that isplaced on a
conductive surface.

Safdly Using the DVM -

Never useany DVM that isdamaged or its probes are damaged.

Never measure voltages or amperagesif it israining or you ar e standing in water.
Always verify if power isapplied to thetest subject with a known good Voltage Checker
beforeyou test it with your DVM.

Never measur e continuity with power applied to the circuit.

Never hold awirewith power onto the probe with your fingers.

Never use both handsto measure a voltage, use a self sustaining connection like an clip to
maintain one of the probe's connections and then use one hand with the other probe.
Never connect the AC Amp Clip to a powered circuit, always remove power, connect the
clip, and then turn the power on to measur e amper age.

Never usea DC Amp meter function to measure AC amperage.

Alwaysreplace batteries and fuses with those specified by the manufacturer.

If your DVM getswet, DO NOT USE IT!!

It isimportant that you understand what type and voltage you should expect. If you do not set your
voltmeter correctly, it will not read correctly. It isimportant that it is put in the correct measurement
mode you are intending to verify. Many times you can see what power is being supplied to adevice or
refer to its label to verify how to set your meter.

The next couple of pages describe different parts found on our systems as weather they are AC or DC
powered:
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ABONVAC
24VDC

Power Power Supply
Supply

] | g

[Ezsssses |

| K>

Transformer.. Always Volts AC, V~ on both sides of the unit. Normally
one side of the transformer will be 480 and the other is normally 120.

Power Supply. The bottom Inlet is always Volts AC, V~ while the
output is always VDC, V+/-. Normally the input is 120VAC or 480VAC
as shown on the power supply. The output is always 24VDC V+V-,

The smaller white units are 120VAC input while the larger silver

one is 480VAC.

TECO controller. Always uses 120VAC, V~ power as connected to the
L and N connections and to all (I) Input and (Q) output connections.

Solenoid Valves. Can be VAC or VDC. Refer to voltage marked on the side
of the coil for identification

Actuated Valves. Can be both VAC or VDC. Refer to voltage

marked on side of motor for identification

Conductivity Controller. Always VAC 120V~.

Timer, Can be VAC or VDC. You have to look at what the timer 18
connected to to figure out what its power is.

Relay coils, Can be VAC or VDC or both. The coil could be VAC or VDC
as identified on the coil cover. The contacts can be VAC or VDC
depending upon what is connected to them.

Breakers. Can be VAC or VDC depending upon what is connected to
them as a power source or load.
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Power Disconnect with fuses. Always VAC, V~. Normally 480VAC

Motor Starter. The power on L1, L2, and L3 are always VAC, V~
while the coil power could be AC or DC as identified on the side
of the contactor.

Pressure Transducers. Always VDC, V+/-. Normally 24VDC. Onc wire
will be connected directly to a V+ (24VDC) power connection while the
other wire is connected to the VCS.

Differential Pressure Switch. Can be VAC or VDC. You have to see where
the wires are connected to figure out what the voltages are.

Over Pressure Switch. Always connected to VAC on VRTX equipment.

Motor Connectors. We only use VAC, V~ type motors, normally connected
to the Volts HIGH configuration as shown to the left. Normally 480VAC,
V~ three phase.

VCS (VRTX Control Station). Always connected to VDC, V+/- on the power

connection and Input (orange) block, however the output (large black

connection can be VAC or VDC powered and you need to see what is connected

to understand if it is AC or DC for testing.
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4.2 AC Voltage Checker
The AC Voltage Checker is a pen sized tester used to quickly verify if AC voltage is present without
having to make an electrical connection.

AC Voltage Checkers come in many shapes and sizes, but the most common looks like this one:

As the yellow tip is passed close to
a wire with AC power applied the
tip will light and a sound may be
heard.

The checker can be held in one hand and as it comes close to an AC voltage it will light up and sounds
abeep if the checker has that function.

Safely Using the Voltage Checker -

Never use any checker that isdamaged

Never check for voltagesif it israining or you are standing in water .

Always verify if your checker isgood by verifying against a known AC power source.
Never use both handsto check for a voltage, The other hand should be behind your back.
Alwaysreplace batteries and fuses with those specified by the manufacturer.

If your Checker getswet, DO NOT USE IT!!
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4.3

Conductivity Pocket M eter

The conductivity meter isawonderful piece of test equipment, aslong as you useit correctly and
maintainit. It can be used to measure the conductivity of the make up water, verify askids
conductivity meter’s accuracy, as well as check ONE Shot Calibration Solution for possible errors.

Y ou must be aware of the units of measure that your tester is using when verifying the skids reading.

Refer to your Operation Manual supplied with your meter for specifics on how to use your meter.

Always Clean and check the calibration of your handheld meter each week before you visit a customer
site. Y ou need to make sure the batteries are good and the meter calibrated before you try to useitin
front of a customer.

Safdly Using the Conductivity Pocket Tester-

Always clean and calibrate your tester each week against a new One-Shot calibration
solution.

Always verify units of measure when using to validate a Conductivity monitor’svalues.
Alwaysrinse your tester before submergingit in thewater you want to test.

Never useyour meter totest Acid or Strong Bases.

Always use the protective cap to cover the probetip when not in use.

If your meter was provided with a spongein thetest cap, make surethis spongeiswet at
all times.

Refer to your meter’s manual for cleaning and calibration recommendations.

Useyour tester to verify the skids conductivity meter over alarge scale (air, make up, One
shot, and tower water.)

Alwaysreplace batteries and fuses with those specified by the manufacturer.

If your tester getswet, You must beusing it right!!
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4.4

Ultrasonic Flow M eter

The ultrasonic flow meter isawonderful piece of test equipment, aslong as you use it correctly and
maintainit. If can be used to measure the actual flow in piping systemsto aid in balancing problems
when multiple towers are being treated by on treatment system.

Refer to your Operation Manual supplied with your meter for specifics on how to use your meter.

Safely Using the Ultrasonic Flow M eter -

Always clean and calibrate your meter before each use. Replacethetransducer gel if the
gel isno longer clear.

Apply gel to the pipe being tested before you apply the sensor.

Apply the sensor onto the pipein a manner that linesup the sensor asinstructed in the
manual (the sensor must belined up on the pipe according to the direction of the flow
within the pipe.)

Never placethe sensor on a pipedirectly after aturnin flow or restriction of any type, this
can cause turbulence in the water flow and may for ce your meter to measur e an incorrect
flow value.

Always use the protective cap to cover the probetip when not in use.

Refer to your meter’smanual for cleaning and calibration recommendations.
Alwaysreplace batteries and fuses with those specified by the manufacturer.
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45  EcoWater strongly recommends the use of PPE to protect yourself. Equipment on our skids
are heavy and we recommend the use of Steel Toe Safety shoes whenever servicing requires the
removal or installation of any heavy items.

The use of glovesis recommended whenever damage or cuts may be possible. It is up to you to use the
gloves that were provided for your use.

The use of eye protection is recommended whenever you are at a customer site. If you are using any
power equipment, you ARE REQUIRED use the appropriate eye wear. If you are using any chemicals,
you MUST use the appropriate eye wear. |f you have prescription safety eye wear, you MUST use
your prescribed eye wear whenever possible.

If using any strong chemicals, refer to the MSDS sheet or contact EcoWater CHC for further PPE
requirements that must be used. Respirators, face shields, protective clothing and gloves MAY BE
REQUIRED AND MUST be used if recommended by the MSDS sheet or by EcoWater.

NEVER assumeyou will be alright, ALWAY protect yourself, usethe prescribed PPE.

If you will be working on aladder or scaffolding higher than 10 feet, you must work with another
person and you must follow tie off rules and use a safety harness. If you do not have one, one will be
provided for you or one can be purchased for your use (Verify that the specifications meet your
intended use.

If you are working at anew facility or any other facility where construction isin progress you must
wear a bump cap to protect you head.

The customer site may require the use of specific PPE, Always ask what PPE isrequired, if the
customer will not provide it, you will haveto obtain it.

If the customer requires you to go through any specific Safety Training, please do.
Contact EcoWater CHC to identify that customer as a customer requiring additional safety training.

Safely using your PPE-

e Alwaysclean and inspect your PPE.
If your PPE isdamaged, you must replace it.
If you areunsure how to useyour PPE, then ask.
Protect yourself, your body isthe only one you have.
Follow Procedures.
Your brainisthe most important PPE.
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4.6 Safety Procedures

Alwaysuseyour appropriate PPE.

Always Notify the customer when you enter their site, and make sure

someone knows wher e you will be and when you areleaving their site.

Alwaysuseyour brain and follow safety practices.

Always be awar e of any customer requirementsfor safety and follow them, if

not, you may get in trouble, may befired, electrocuted, burned, drown or die.

Your brainisthe most important PPE, useit.

Never work on dectricity if you do not have the appropriate equipment,

training, or it israining.

7. Alwaysuse appropriate Lock Out and Tag Out procedureswhen entering a
tower or working on a motor starter. Remember the most important item
for Lock Out and Tag Out, is natification of the customer.

AW DPE

o0

Lock Out, Tag Out Procedure

This procedure establishes the minimum requirements for the lockout of energy isolating devices
whenever maintenance or servicing is done on machines or equipment. It shall be used to ensure that
the machine or equipment is stopped, isolated from all potentially hazardous energy sources and locked
out before employees perform any servicing or maintenance where the unexpected energization or
start-up of the machine or equipment or release of stored energy could causeinjury.

All employees are required to comply with the restrictions and limitations imposed upon them during
the use of lockout. The authorized employees are required to perform the lockout in accordance with
this procedure. All employees, upon observing a machine or piece of equipment which islocked out to
perform servicing or maintenance shall not attempt to start, energize, or use that machine or equipment.

Sequence of Lockout

(1) Notify all affected employees that servicing or maintenance is required on a machine or equipment
and that the machine or equipment must be shut down and locked out to perform the servicing or
maintenance.

(2) The authorized empl oyee shall refer to the company procedure to identify the type and magnitude
of the energy that the machine or equipment utilizes, shall understand the hazards of the energy, and
shall know the methods to control the energy.

(3) If the machine or equipment is operating, shut it down by the normal stopping procedure (depress
the stop button, open switch, close valve, etc.).

(4) De-activate the energy isolating device(s) so that the machine or equipment is isolated from the
energy source(s).

(5) Lock out the energy isolating device(s) with assigned individua 1ock(s).
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(6) Stored or residual energy (such asthat in capacitors, springs, elevated machine members, rotating
flywheels, hydraulic systems, and air, gas, steam, or water pressure, etc.) must be dissipated or
restrained by methods such as grounding, repositioning, blocking, bleeding down, etc.

(7) Ensure that the equipment is disconnected from the energy source(s) by first checking that no
personnel are exposed, then verify the isolation of the equipment by operating the push button or other
normal operating control(s) or by testing to make certain the equipment will not operate.

Caution: Return operating control (s) to neutral or "off" position after verifying the isolation of the
equipment.

(8) The machine or equipment is now locked out.

Restoring Equipment to Service

When the servicing or maintenance is completed and the machine or equipment is ready to return to
normal operating condition, the following steps shall be taken.

(1) Check the machine or equipment and the immediate area around the machine to ensure that
nonessentia items have been removed and that the machine or equipment components are
operationally intact.

(2) Check the work areato ensure that all employees have been safely positioned or removed from the
area.

(3) Verify that the controls are in neutral.

(4) Remove the lockout devices and reenergize the machine or equipment. Note: The removal of some
forms of blocking may require reenergization of the machine before safe removal.

(5) Notify affected employees that the servicing or maintenance is completed and the machine or
equipment is ready for used.



5.0 TROUBLESHOOTING

This section has been divided into sectionsthat reflect the problems that may be encountered.
The possible causes discussed may not specify all possible failures (Contact Ecowater CHC
Service personnel to discuss your problem for other possible failuresto look for). At the end of
this section, specific failure alarms ar e discussed.

Thetroubleshooting techniques discussed here are placed in a functional order, the actual order
used for your troubleshooting may differ.

After each set of troubleshooting instructions you will find a blank area for you usein adding
notesand other hints.

5.1Power |ssues-
5.1.1 Theskid will not power ON (No power LED and No pump oper ation)-

1.
2.

Verify if the power indicator islit on the motor starter, IF IT ISLIT, skip to #4.

Verify that power is available at the motor starter. Open the motor starter and with the
DVM (Digitd Volt Meter), verify that power is present on all three legs of the power
supply. EcoWater CHC recommends the use of the ONE HAND safety technique. This
means only one hand should enter the motor starter box at any one time, the other hand
should be placed behind your back during testing. Y ou can connect the black lead to any
ground location within the motor starter or you can hold both probes with one hand as
discussed during training.

If power isnot at the skid, have the facility maintenance staff verify that the power
disconnect breaker is still in the ON position, have the customer verify why power is not
available at the CHC equipment.

If power is available at the skid, verify that as the power disconnect on the motor starter is
turned ON, that power is available at the outlet terminals of the power disconnect. If there
isno power at the outlet terminals (must be on al three), replace the power disconnect.

If power is available at the outlet terminals of the power disconnect, then verify that power
is available through the main fuses. If power is not available through the fuses, replace the
fuses and verify operation of the system. Normally if these main fuses have been blown, a
secondary system failure may have occurred, and other trouble shooting may be required.
Another possible cause for amain fuse failure could also include weather conditions. If
lightning in the area occurred at the original time of failure, it is possible that the lightning
had struck the electrical supply and caused a sudden surge of power into the skid causing
thefusesto fail. Verify al other components for appropriate operation, and replace those
itemsif they have also failed.

If the power is available through the fuses then verify that you have 120V at the secondary
side of the control transformer. If you do, proceed to “Power at skid, however the pump
will not start”. 1f you do not verify that you have 480 V on the Primary side of the
transformer. If thereis 480 volts on the transformer’s primary and 0 volts on the secondary,
than the transformer has failed and must be replaced.

If there was no voltage on the primary of the transformer, then check the smaller control
voltage fuses. The control voltage fuses are rated for 4/10 A at 600 Volts. Y ou will need to
replace them with an appropriate rated replacement part. 'Y ou do not want to exceed the
4/10 size, too large of afuse could cause afire due to transformer overload. Once the fuses
arereplaced verify that the system operates without continuously blowing fuses. If the
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fuses were blown but after replacement, they will not blow again, then we can assume that a
sudden surgein the electrical supply due to wesather or lightning strikes.

If the fuses continue to blow, remove one of the following at atime until the fuses no longer
blow and then troubleshoot or replace that item and continue testing the unit: Relay, Blow
Down Actuator, Conductivity Meter, LED or other indicators on the motor starter and
finally the motor contactor.

If the PLC will not power ON and the pumps will not start and your system incorporates a
24V DC power supply, it is possible that one of the actuated valvesis pulling down the

24V DC supply. Open the motor starter box, Turn the Power Disconnect ON, and verify if
the power supply LED isfully lit. Disconnect the Din Rails from the actuated valves or
remove therelaysif the valves are wired directly and then try to turn on the Power
Disconnect again. If the PLC then lights, one of the actuated valvesis pulling the power
down. Connect one valve at atime and verify operation of the system as discussed earlier.
When the power will no longer come on, disconnect the last actuated valve and verify it will
again power ON. Replace that actuated Valve.

5.1.2 Theskid spump will not power ON (Power LED ON but No pump oper ation)-

1

The power indicator isagood signal that at least two of the three power lines coming into
the motor starter are live. It aso indicates that the corresponding fuses, transformer and
power breakers are still OK.

Verify that the Thermal Overload is not tripped, simply press the Reset button to verify. If
the thermal overload was tripped, go to step 8.

Verify that power is available at the motor starter on al threelegs. Open the motor starter
and with the DVM (Digital Volt Meter), verify that power is present on all three legs of the
power supply. EcoWater CHC recommends the use of the ONE HAND safety technique.
This means only one hand should enter the motor starter box at any one time, the other hand
should be placed behind your back during testing. Y ou can connect the black lead to any
ground location within the motor starter or you can hold both probes with one hand as
discussed during training.

If power isnot good on all three legs at the skid, have the facility maintenance staff verify
that the power disconnect breaker isstill in the ON position, have the customer verify why
power is not available at the CHC equipment.

If power isavailable at the skid, verify that as the power disconnect on the motor starter is
turned ON, that power is available at the outlet terminals of the power disconnect. If there
IS no power at the outlet terminals (must be on all three), replace the power disconnect.
Verify that power isavailable past al three main fuses within the motor starter. Replace
any defective fuse.

Verify that asthe HOA switch isturned into the ON position that the control voltage is sent
to the motor contactor’s coil.
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8. If you are working on an older style CHC(Cabinet type) it may have the push button ON
and OFF power switches, there is an upgrade available to convert this style of switchto a
standard HOA switch. To test the push button switches, verify that power passes through
the switch as the button is pressed.

9. Veify that the pump motor’s amperage is within the specified FLA as shown on its motor’s
rating plate, if it is, turn the power to the skid off and verify all electrical connections. A
discoloration on awire' sinsulation will signal aloose connection. Make sure all
connections are tight and verify that if any wire nuts are used, their connections are secure
aswell.

5.1.3 Theskid' s pump will not maintain power when your release the ON push button (Older
cabinet style CHC unitsonly)

1. Veify that the OFF switch is not stuck or defective, the OFF switch isanormally Closed
switch, however if it fails the power to the pump will not remain when the ON button is
released.

2. Check to seeif the vacuum switch has been rewired, if it has, a blue and brown wire will be
wire nutted together in the motor starter. If these wires are not connected with the wire nut,
contact EcoWater CHC Service for the upgrade procedure.

5.1.4 Theskid s pump pops breakers, fuses, or ther mal overloads frequently-

1. Veify that the pump motor’s amperage is within the specified FLA as shown on its motor’s
rating plate, if it is, turn the power to the skid off and verify all electrica connections. A
discoloration on awire sinsulation will signal aloose connection. Make sureall
connections are tight and verify that if any wire nuts are used, their connections are secure
aswell.

2. Verify that the power coming into the skid on dl three legsis the same voltage. If you have
one leg that is significantly lower, than there is a problem with the power balancing of the
three legs at the facility and you will need to bring this to the attention of the facilities
service manager. If oneleg getsloaded more than the other two, it can cause a single phase
condition of the pumps motor and will cause the amperage to suddenly increase blowing
fuses and breakers.
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3. Look at the power disconnect and the motor contactor, if any smoke residue is left on the

plastic, this can signal that one of the contacts may be failing. EcoWater CHC recommends
the replacement of the component to ensure appropriate power distribution. 1f one of the
contacts have failed, the pump will make a humming noise and will not spin.

If the Main breaker isweak or too small in rating, the pump can cause the breaker to trip
during start ups. Thisis most noticeable upon repeated starting/stopping of the pump motor.
The norma rating of the supply breaker should be at |east twice the pump’srated FLA. Itis
also recommended that the supply breaker be of atime delay type allowing for at least 2
seconds of sudden amperage spikes.

If it isthe thermal overload that istripping frequently also verify that the selected trip point
isat least 1.15 x the rated FLA of the motor. If it is set correctly and the thermal overload
continues to trip, replace the thermal overload.

5.1.5 Indicator lightsarenon functional (pump isoperational but theindicator isnot lit)
1. Veify that the control voltage is present on the back of the indicator. If it is, then replace

the indicator with an appropriate matched bulb or LED. Be aware that some of the older
CHC (Older cabinet style units) utilizea 24V AC bulb, it must be replaced with alike
product.

Always make sure that the plastic cap covering the bulb is not cracked, broken, or its sedl is
defective, if water or rain gets onto a bulb, it will cause the bulb to fail, so replace any
defective parts found.

If thereis no control voltage at the back of the indicator, then there may be afaulty wire or
connection, contact Ecowater CHC Service to receive the appropriate electrical wiring
schematic to verify the wires and connections.

5.1.6 Theconductivity meter will not power on (Walchem or LM1 only)

1

Verify that power is available into the conductivity meter on the power cable. Both meters
require 120V AC power. If no power is available verify the power cable and its connection
to the power source.
Check the fuses inside of the Walchem or LMI units.
a. TheF1 fuse onthe LMI isunder the black plate below the control panel. It israted
at 4A, 250V slow blow and should only be replaced with a similar product
b. The F1 fuse on the Walchem is behind the control panel, you will need to remove
the two Phillips screws to accessthe fuse. Itisrated at .125 A, 250V and should
only be replaced with a similar product.
c. If they continuously blow the meter is defective and must be replaced.
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3.

If the above has been verified and power is available to the conductivity meter and it will
not turn ON, then replace the meter.

5.1.7 TheCHC Control Station will not power ON (newer style skids only)

1

The control station will power on whenever power is supplied to the skid. If the pump will
function and the control station will not come ON, verify that the breaker to the DC power
supply has not been tripped.

If the breaker is tripped, reset it and verify operation. If the breaker continuesto trip, then
disconnect one item at atime from thislist until the breaker no longer trips: Blow Down
Actuator, Relay, Motor Contactor and finally the control station. If the breaker continuesto
trip after each one of the above is removed from the circuit, then replace the DC power
supply. Once the problem has been isolated take the appropriate actions to verify the wiring
and connections and then replace the defective parts.

If the 24Volts DC is available at the Control Station but the display will not respond,
replace the Control Station. To replace the unit, disconnect all wire terminals from the unit
and then remove the four mounts from each corner of the controller and remove it from the
panel. Once the new controller has been installed, reconnect all terminals and test.

Contact EcoWater CHC Serviceif further assistance is needed.

If the PLC will not power ON and the pumps will not start and your system incorporates a
24V DC power supply, it is possible that one of the actuated valvesis pulling down the

24V DC supply. Open the motor starter box, Turn the Power Disconnect ON, and verify if
the power supply LED isfully lit. Disconnect the Din Rails from the actuated valves or
remove therelaysif the valves are wired directly and then try to turn on the Power
Disconnect again. If the PLC then lights, one of the actuated valvesis pulling the power
down. Connect one valve at atime and verify operation of the system as discussed earlier.
When the power will no longer come on, disconnect the last actuated valve and verify it will
again power ON. Replace that actuated Valve
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5.2 Pressurelssueswith the CHC skid-
The following chart represents the normal CHC pressures. Some pressures may differ from those
shown below due to water height in relation to the CHC chamber as well as pump specifications.

CHC Pressuress The CHC chamber requiresthe following pressures:
Vacuum — (all) -25 ~-30 (When applicable)
Pump Pressure- (10 and 20 GPM unitsonly) 72-84 ps
(40, 60, 80, 125 and 250 GPM units) 85-102 psi
Back Pressure- (all) 3-6 psi, normally set using the sound

5.2.1 GaugeProblems-
If the gauge isreading high or low, turn off all power to the device the gauge is connected to
and alow the pressure to stabilize. The gauge should returnto O psi. If it does not, open the
vent at the top of the gauge and allow it to return to O psi (this may take several minutes). If the
pressure still remains above or below 0 psi, replace the gauge. Replace the gauge

5.2.2 Low Pump (s) Pressures-
Verify that the gauges are operating and return to O psi as the pump is stopped. Verify the
strainer basket is clean. You will have to verify the sides of the basket are clean, and not just
the bottom. If the pressure remains low, verify that the isolation valves around the pump as
well asthe towers are open. If the pump appears to be cavitating, verify that there is no o-ring
or seal failuresin the pump suction line. If air isingested the pump pressure could be low. If
the pressure remains low, verify that no blockage exists within the tubing to the gauge. If the
pressure remains low, rebuild or replace the pump or motor.

5.2.3 High Pump Pressures-
Verify that the gauges are operating and return to O psi as the pump is stopped. Verify the
isolation valves at the unit as well as the towers are open. High pump pressures, if not caused
by a defective gauge, are normally caused by an obstruction to flow. If al the valves are open,
the obstruction will have to be located and removed. The obstruction may be within the CHC
chamber itself. Open the chamber and make sure that all nozzleinlets are clear of debris. Be
aware that some systems with a high head pressure due to the location of the pump as
compared to the height of the water level may increase the performance of the pump causing
higher pump pressures. In these cases, verify that the pump pressures reflect the initial
installation pump pressures and if so, disregard the current gauge reading as being high.
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5.2.4 Back Pressure Problems-

5.25

Verify that the gauges are operating and return to O psi as the pump is stopped. If the back
pressure of the CHC chamber is not appropriate the effectiveness of the CHC treatment may be
affected. Increaselow CHC back pressures until within range or CHC sound appears. If the
back pressureistoo high then decrease the pressure utilizing the back pressure valves on the
discharge of the CHC all the way to any tower isolation valves. Verify that the CHC chamber
isat least within 10’ of the water height as long as the back pressure does not exceed 5 psi.

Vacuum Pressure Problems- (When Applicable)

Most vacuum problems are associated with leaks or blocked vacuum tubes.

a. Leaks To verify thelocation of aleak, if you run your hand over the connections of the
tubing and fittings of the vacuum system while the system is running, as you move a
location that is leaking the vacuum will increase, you can then rework that connection or
replaceit to fix the problem. In some cases the gauge may be the source of the vacuum
leak. If the gauge has the valve on the back of it, simply close off the valve during
operation of the CHC skid and then turn off the power to the pump if the reading remains
constant then the gauge is not leaking, however, if the pressure decreases quickly, the gauge
or valve will required replacement.

b. Blocked tubing- To verify if the tubing is blocked, first turn off the CHC pump, if the
vacuum changes quickly, thereis no blockage. However if the vacuum responds very
slowly or does not change at all, remove the hose from the vacuum gauge and seeif the
gauge then responds, if it does the gauge is good and the blockage is somewhere else. The
most common location for blockage is in the vacuum tubes within the chamber, these tubes
will need to be removed and cleaned or replaced. You can aso verify that the elbows that
attach to these tubes are free from any buildup, use a descaler (e.g. Rydlyme or equivalent)
to remove the buildup or replace the elbow to correct the problem

c. If you could not find a blockage or leak, you will need to verify the pump pressures and if
correct, the problem is likely associated with the CHC chamber itself. Contact EcoWater
CHC Service Department.
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5.3

| ssueswith the Filtration skid-

Filter Pressures can vary widely depending upon the construction of theinstallation. However
there are several key thingsyou must be awar e of.

531

5.3.2

1. Thefilter pressure should never exceed the dead head (DH) pressure of the pump. To
verify slowly close down the discharge valve on thefilter until the pressurereachesit
maximum point. Thisisthe dead head pressure. If thevalveis Opened, the pressure
should beat least 2 psi below the dead head pressure.

2. Thefilter pressure should be set so that the pump isoperating at its designed flow and
pressure. Therearethreebasic pressuresto be aware of for the pump:

a. Older pumpswith arating of 75 TDH (Total Dynamic Head) should be
operated at 32 psi.

b. Pumpswith arating of 95 TDH should be operated at 41 psi.

c. ZGF pumpswith arating of 115 TDH should be operated at 50 psi.

d. UtilizetheFilter discharge valve or Sweeper jetsto maintain this operational
pressure.

Gauge Problems-

If the gauge isreading high or low, turn off all power to the device the gauge is connected to
and alow the pressure to stabilize. The gauge should returnto O psi. If it does not, open the
vent at the top of the gauge and allow it to return to O psi (this may take several minutes). If the
pressure still remains above or below 0 psi, replace the gauge. Replace the gauge

Low Pump (s) Pressures-

Verify that the gauges are operating and return to O psi as the pump is stopped. Verify the
strainer basket is clean. You will have to verify the sides of the basket are clean, and not just
the bottom. If the pressure remains low, verify that the isolation valves around the pump as
well asthe towers are open. If the pump appears to be cavitating, verify that there is no o-ring
or seal failuresin the pump suction line. If air isingested the pump pressure could be low. If
the pressure remains low, verify that no blockage exists within the tubing to the gauge. If the
pressure remains low, rebuild or replace the pump or motor.
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5.3.3

534

5.3.5

High Pump Pressures-

Verify that the gauges are operating and return to O psi as the pump is stopped. Verify the
isolation valves at the unit as well as the towers are open. High pump pressures, if not caused
by a defective gauge, are normally caused by an obstruction to flow. If al the valves are open,
the obstruction will have to be located and removed. The obstruction may be within the CHC
chamber itself. Open the chamber and make sure that all nozzleinlets are clear of debris. Be
aware that some systems with a high head pressure due to the location of the pump as
compared to the height of the water level may increase the performance of the pump causing
higher pump pressures. In these cases, verify that the pump pressures reflect the initial
installation pump pressures and if so, disregard the current gauge reading as being high.

Differential pressuretoo High or too L ow-

Verify that the gauges are operating and return to O psi asthe pump is stopped. Systemswith
centrifugal separatorsrequire at least 4 psi differential pressures between the inlet and outl et
pressures. If the pressures are too low <4 psi, verify that there is no obstruction to the flow of
the sweeper nozzles, this can also be seen by having a closed valve on the discharge of the
filter. If the differential pressures are to high (normally seen in an automated filtration system
including Filtomat, ZGF and Turbo disk systems) thisindicates that the filter mediais not being
cleaned appropriately during a back wash. See Filter Back Wash Failures.

Conduct a Power Clean procedure and then clean the Filter element as specified.

Filter Back Wash Failures-

These types of failures may be seen from avisual alarm on the controller or recognized by the

DP switch indicating a pressure that is higher than the set point continuously. Please refer to

the appropriate service manual attached for each specific type of filter. There are several types

of failuresto verify:

1. Isthe back wash function working when the manua BW start switch is pressed? Make
surethat al of the appropriate valves are being controlled to implement a back wash. See
specific troubleshooting requirements for ZGF, Filtomat, and Turbo disc filters.
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2. If thevalves are responsive, verify that purged water is passing to the drain during a back
wash cycle. If no water is passing to the drain, then look for clogged piping associated with
the drain.

3. If water is present at the drain during a back wash, then clean the filter element. A stainless
steel brush can be used with Rydlyme to clean the Filtomat and ZGF filters. EcoWater
CHC also recommends polishing the outside surface of a ZGF element. Once cleaned
verify that the filter again back washes effectively. Normally when the elements are
plugged you will need to discuss your findings with CHC Service Personnel to seeif any
changes to the system are required. If the filter element becomes plugged frequently
changes to the DP switch set point, filter back pressure or other items may need to be
adjusted to diminish failure occurrences.

4. Verify the DP switch asits pressure increases to see at what pressure the filter responds with
aback flush routine. If an automated back flush is not started, the DP switch may be
defective and you will need to verify the switches signa to the controller, if the signal is
available at the controller, replace the controller, if the signal is not present at the controller,
replace the DP switch and or repair/replace the wiring from the switch to the controller.

5. Make sure the required back pressureis set with the valve down stream of thefilter. The
ZGF requires 45 psi outlet pressure under normal conditions, the Turbo disc requires
minimally 32 psi outlet pressure and the Filtomat requires minimally 35 psi.

ZGF Filters- Refer to the appropriate service manual but here are afew thing to look for.

d. Airisrequired onthe majority of the ZGF units. It requires minimally 80 psi to
operate the system. Make surethat air is available for the unit and that as the failure
occurred that air was present (if the failure occurred while you where not on site)

e. Holding down the Reset button can be used to reset a displayed alarm.

The air operated actuators must move fredly, if they are sluggish make sure that a

moisture separator is on the air line at the filter to remove any water from the air

supply.

g. Phoenix- If the Home Position Not Found message appears, then verify al electrical
connections from the controller to the filter itself, we have found many of thefilter's
yellow interface cable to the black filter cable connections to be defective. We
normally rewire the yellow and black cables directly into the DP switch where we
solder the connections directly to their corresponding mates. Y ou will be required to
set the foot valve back to home position before you can continue using or testing the
filter.

h. Phoenix DP Switch- The DP and High DP switches are normally closed, so that
when testing them you should have a12V DC signal passing through the switches
with the filter pressures normal. Use the electrical schematic to verify which wires
to measure or call CHC Service Personnel.

—h
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i. Phoenix Home Position Switch- The home position switch sendsa 12 VDC signal
back to the controller as the foot valve reaches its home position. If your filter is not
recognizing Home Position, first verify the connections of the cables, then measure
the voltage at the controller with your DVM to seeif the signal is returning from the
switch. We have aso seen one failure where the restraining clip on the center shaft
of the foot valve was missing and the foot valve shaft would allow the switch’s
signal bolt to movetoo low for the switch to seeit. Make sure that the signa bolt is
within 1/8" of the home position switch as the foot valve rotates 360 degrees.

j- Phoenix Foot Valve- If water isfound inside of the Foot Valve area where the home
position switch is located, an o-ring kit will need to be installed on the Foot Valve.
This kit includes smaller o-rings that will be placed inside of the valve against the
shaft itself. Without replacing these smaller o-rings water will most likely continue
entering the home position switch area. Always make sure the Foot Valve rotates
freely throughout its 360 degrees of rotation. If it does not, make sure no debrisis
longed in one of the internal ports that the valve rotates against. We have seen large
debrisin this are that can keep the valve from turning.

k. Phoenix Control PLCs- If you have a TECO controller it has been modified from
the original ZGF controller. The Teco controller will indicate that aBACK WASH
FAILURE has occurred, you will need to verify the appropriate steps if this message
appears. You could also find a SCREEN CLEANING REQUIRED message. This
message indicates that greater than 5000 back washes have occurred. To reset this
message, Press the ESC button, select STOP and press the OK button, then select
RUN and press the OK button. Now when you press the ESC button the display
should revert back to the initial screen and the BW counts should indicate 00000. Of
you find any other error codes, you will be required to replace the controller.

Turbo Disk Filters- Refer to the appropriate service manual but here are a few thing to look for.

a. Airisrequired on the majority of the Turbo Disk units. It requires minimally 80 psi
to operate the system. Make sure that air is available for the unit and that asthe
failure occurred that air was present (if the failure occurred while you where not on
site)

b. The DP switch is used to manually initiate a back wash by rotating the gauge’ s knob
until the striker comes in contact with the red pressure indicator.

c. Theair operated actuators must move freely, if they are sluggish make sure that a
moisture separator is on the air line at the filter to remove any water from the air

supply.
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d. Thefilter elementsride inside the element cassette. Asa back wash is conducted
this cassette releases pressure on the disks, improving the back wash capability.
Make sure this cassette opens and squeezes against the disks easily, if not, clean and
replace the o-rings on the cassette.

e. Thefilter elements can be cleaned with Rydlyme or by hand, each side of each disk
has small groves that will need to be clean. Each disk should be free to move, if
disks are stuck together, clean or replace them.

Filtomat/Amiad/Forsta Filters- Refer to the appropriate service manual but here are afew thing
to look for.

a. Theback pressure on the filter isrequired as specified above.

b. Under normal operation (no back wash in progress) the rinse piston will be
pressurized and if you remove its hose from the end of the filter water will
aggressively pass through the hose, in most cases it will travel several feet away
from the hose. If it does not, then thereis an obstruction in the solenoid valve that
will either need to be removed with cleaning or replace the solenoid.

c. The DP switch used with the Filtomat and Orival systems have two switchesin
them, on older Filtomat systems only one switch is used, so upon afailure of the DP
switch you can utilize the spare switch to repair the system. On newer Filtomat and
Orival systems you will notice that both switches are utilized. In this case you must
replace the DP switch if it fails. To adjust the set points of the DP Switch, utilize the
supplied allen wrench to loosen the screw on the switch slider, move the switch
towards the HI side to decrease the DP setting and towards the LO side to increase
its setting pressure. See attachment “New Style DP Switch”.

d. No back pressure on the drain isallowed. If the customer hasinstalled a blow down
meter on the drain, contact EcoWater CHC Service to discuss further requirements.

e. If you have an older style Filtomat controller it will have a TECO controller. The
Teco controller will indicate that a BACK WASH FAILURE has occurred, you will
need to verify the appropriate stepsif this message appears. You could aso find a
SCREEN CLEANING REQUIRED message. This message indicates that greater
than 5000 back washes have occurred. To reset this message, Press the ESC button,
select STOP and press the OK button, then select RUN and press the OK button.
Now when you press the ESC button the display should revert back to theinitial
screen and the BW counts should indicate 00000. Of you find any other error codes,
you will be required to replace the controller.
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Centrifugal Separators- Refer to the appropriate service manua but here are afew thing to ook
for.

a.  Thereare no moving partsto a Centrifugal Separator, if during operation you hear
strange noises from the separator, then the baffle plate has failed and the separator
must be replaced.

b. The separator requires at least 3 psi differential pressure from itsinlet to its outlet,
refer to filter problems for more information.

c. All separators remove solids from the water stream. Thereby requiring some way to
remove the solids from thefilter. Most systems utilize atimed actuated purge valve,
thisvalveis controlled by atimer normally set at 18 seconds ON and 6 hours OFF.
Refer to “ Adjusting the Purge Vave Timer” for more information on about adjusting
and reading the timer settings.

d. If aseparator is clogging frequently decrease the OFF time and increase the ON
time. One example may be moving the ON time from 18 seconds to 24 seconds and
the OFF time from 6 hours to 4 hours. Trial the new settings for amonth to seeif
the clogging has ceased. Make further adjustments as needed.

e. Other Separators utilize a continuous drain flow through a bag filter back to pump
suction. Make sure that the flow restriction valve after the bag filter housing is
adjusted so that only aloss of 3 psi is seen on the discharge pressure of the separator
asthisvalveisopened. You will also need to verify that the customer is cleaning
the bag in atimely manner. Some of the systemsin the field using this technique
also have a flow meter built in line with the flow restriction valve. Y ou can use this
meter as a gauge as to when the bag is plugged and requires replacement. Y ou can
also use this meter to regulate the flow through the bag.
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Bag Filters-

Many of the systems that contain a centrifugal separator also have abag filter. Thisbag filter
is used to remove the lighter that water particles from the water stream. Somefiltersareinline
with the separator while others remove a portion of the filters flow in a side stream application.

In-Line Bag Filters

a. Theinline bag filter housings are placed in line with the discharge flow from the
separator. Asthe bag starts to blind off (clog up) the overall pressure on the
separator’s discharge will increase until it reaches the set point (BELOW THE
PUMPS DH PRESSURE) whereit will operate a bypass valve. Some of the bypass
valves are Manual in design while others utilize a switch an electric actuated valve.
Y ou will need to make sure the switch closes below the pump’s DH pressure then
opensthevalve. If it does not open the valve, check the switch to make sureit’s
Setting pressure is appropriate, and that it electrifies the valve asit’ s setting pressure
isreached. Refer to testing actuated valves for further assistance. Once the bypass
pressure is reached and the valve opens you will be required to press the white
“RESET” push button on the top of the switch to close the valve and return to
normal operation.

b. There aretwo possible sites for gauges on a Bag filter housing, make sure any
gaugesthat areinstalled are functional. If the gauge is ported into the housing above
the top of thefilter bag, its pressure will rise as the bag blinds off. If the gaugeis
ported into the housing below the top ring of the bag, its pressure will fall as the bag
blinds off.

Side Stream Bag Filters

c. Side Stream Bag Filters have one advantage over In-Line filters, no moving parts to
trouble shoot. If the bag becomes blinded off, then no flow will be pulled through
the bag and away from the filtration system. However it is very important that you
only open its flow regulation valve only so that 10-15% of thefiltration’s flow is
pulled though the bag filter. To make sure thisflow requirement is met, utilize an
ultrasonic flow meter, or only open the valve so that a3 psi pressure drop from the
discharge pressure of the centrifugal separator is seen (pressure with valve open
versus pressure with valve closed). There are two possible sites for gauges on aBag
filter housing, make sure any gauges that are installed are functional. If the gaugeis
ported into the housing above the top of the filter bag, its pressure will rise asthe
bag blinds off. If the gauge is ported into the housing below the top ring of the bag,
its pressure will fall as the bag blinds off.
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Cartridge Filters-

All CHC filter systems that contain a cartridge filter utilize a side stream flow through the
filter.

Side Stream Cartridge Filters have one advantage over In-Linefilters, no moving partsto
trouble shoot. If the cartridge becomes blinded off, then no flow will be pulled through the
filter element and away from the filtration system. However it isvery important that you only
open its flow regulation valve only so that 10-15% of the filtration’s flow is pulled though the
bag filter. To make sure this flow requirement is met, utilize an ultrasonic flow meter, or only
open the valve so that a 3 psi pressure drop from the discharge pressure of the centrifugal
separator is seen (pressure with valve open versus pressure with valve closed). There aretwo
possible sites for gauges on a cartridge filter housing, make sure any gauges that are installed
arefunctional. If the gauge is ported into the housing above the top of the filter cartridge, its
pressure will rise as the bag blinds off. If the gauge is ported into the housing below the top
ring of the cartridge or at the discharge piping, its pressure will fall as the cartridge blinds off.
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54 Frequent Pump Seal Failures-

If the pump seal continuesto fail frequently (once every 3-4 months or mor e frequently) check
the following:

1

Isthe pump operating at it original design pressuresand flows? Verify that the pump
isnot operating above or below its specified pressure. Adjust the pressuresusing the
filter discharge valve or sweeper jetsto maintain the appropriate pressures.

Isthe pump cavitating. If you seeair bubbles moving past the flow meter
continuoudly, thisindicates that thereisan air leak on the suction side of the pump.
Thisair can causethe seal to prematurely fail. Find theair leak and fix and replace
the defective parts.

If the debriswithin the water istoo great, it can damage the seal more frequently,
EcoWater CHC recommendsthe use of a Hard faced seal in these type debris
conditions.

Running the CHCsystems without water. If water did not flow to the pumps dueto
thetowersbeing dry or the customer not opening a valve after cleaning the basket,
these actions can cause the pump seal to fail. Replace the seal.

Bearing failure on the pump motor, if ther e is excessive noise coming from the pump
motor during operation, this can cause the movement in the shaft and can causethe
seal to fall, if thereis excessive noise, replace the pump.

Impeller blocked or clogged with some type of debris. Thiscan cause an impeller
imbalance and will causethe seal to fail. Remove any debrisfrom theimpeller and
replacethe seal.

Extended period of Off timewith water on seal. It isimportant if the pump will not be
used for extended periods of time > 4 weeksthat the pump be started from timeto
timeto allow the seal to clean itself and to move the stagnant water out of the pump. If
thereisno water in the system, drain the pump during storage.

If the M otor shaft isbent or theimpeller isdamaged, this can cause a vibration in the
wet end that can damagethe seal. Replacetheimpeller or the entire pump if needed.
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5.5
5.5.1

552

| ssueswith Actuatorsand Solenoids-

Actuator Failure-

Most actuator failures are caused by the failure of the actuated valve. Asthe actuator is
removed for servicing, make sure the valve is easily opened and closed. Some valves can
become to difficult to move by the actuator and can cause actuator failure. Verify that the fuse
or breaker controlling the timer circuit is still functional, If the fuse and/or breaker is still good,
the failure could be related to the actuator itself, timer, relay and/or the conductivity controller.

Other than the ground there are normally three wires that pass to an actuated valve. A neutra
wire that normally goesto pin 1, and two power wires. If an actuator is not functioning verify
the following pins and if the signals are there, and the actuator is not moving then the actuator

must be replaced.
Signal VS| Pin Jordan Pin ApolloPin  Vacor Pin
Neutral 1 1 1 1
Open 2 3 3 2
Close 3 4 4 3

Some of the actuators are 120 VAC while others may be 24VAC or 24VDC. It isimportant to
look at the nameplate to define what voltages you will be using for your troubleshooting. Use

your DVM and verify the signals coming into the actuator isthe signd is present and the valve
does not open or close, replace the actuated valve.

If your actuated valveis operated by 24 VDC. Then you will see one ground wire and two
power wires. The power wireswill reversetheir voltage (wire 1=24 VDC V+, and wire
2=0VDC V- when opening, and then wire 1=0VDC V- and wire 2=24 VDC V+ when
closing) normally controlled by arelay.

When ordering a replacement valve you must specify the valve size, and actuator type and
voltage. If the signal is not present refer to Issues with Conductivity Controller for further
information.

Actuator Leaks-

If the actuated valveisleaking (could beinternal and if so, you will see a continuous flow down
the drain) than that is an indication that the solids that are being purged from the separator may
have damaged the seal on the actuated valve. In this case, replace the valve.
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5.5.3

5.5.4

Non- Functional Solenoid Valves-

A solenoid valve utilizes a control signal to activate avalve. Oncethe single control signa is
present on the coil of the solenoid, the valve should respond. To verify if a solenoid has power
you will need to understand that when power is applied most solenoids will hum (noise), vibrate
or get hot. You can verify that the control signal is being sent to the solenoid, and if itisand
the solenoid does not respond, turn the power OFF, and then with the use of your DVM in the
continuity mode, you will see some resistance in the solenoids coil (normally between 500 and
2000 ohms). If power is present then verify it gets water pressure from its source tube, if not
verify thein line strainer is not clogged. If you have good water flow but not through the
solenoid, then most likely the solenoid is clogged. Clean or replace it.

Stuck Solenoid Valve-

If you are getting a control voltage to the coil and the valve appears to not open, then this could
signal aclog of debrisin the valveitself. You will need to open the valve and clean it or
replace it to fix the problem. If asolenoid valve continues to clog, you may want to consider
the use of a strainer up stream (pressure source) from the valve to stop debris from entering the
valveitsalf. If you find a strainer on the up stream side, make sure that the strainer is cleaned as
appropriate to make sure the system is functional .

In most cases the lack of response to the solenoid reflects a defective coil or valve. Replace the

defective solenoid valve. When ordering a replacement vave you must specify the valve size,
and actuator type and voltage.
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5.6 Issueswith Conductivity Controllers-

CHC systems have utilized may brands of conductivity meters. The gray Walchem units, the yellow
LMI units and most recently the CHC Control Stations. Each conductivity meter utilizes a temperature
compensated probe as well as controls the Blow down Valve through the use of an on-board relay
(bleed NO). The following information reflects each model:

5.6.1 Probe Cleaning and Calibration-

Always verify that the probeis clean first, do not just look and decideit is clean, dways clean it with a
Rydlyme like product. Some scale on the tip may be clear, and so you will not be able to see it. If
there is any exposed metal on the probe tip, replace the probe. Always refer to the manual or
Conductivity Reference found within this manual before you clean a probe. Some probes can only be
cleaned in one direction.

5.6.2 Bleed Set Point-

The Bleed Set Point has been chosen ahead of time and will not reflect the current COC. This set point
has been chosen against the worst case water analysis given for that customer. DO NOT adjust it each
time to control the COC. If water quality is better this month, than the COC will increase, if it isworse
than the original bleed set point chosen the COCs may decline, however this set point was chosen to
ensure that the system does not scale up, so Adjustments to the set point must be cleared with
EcoWater CHC Service Personnel.

5.6.3 Dead Band Control-

The Dead Band should be adjusted to achieve 10% difference from the Bleed Set Point. If the Bleed
Set Point is 2000, then the Dead Band should be 200, however if the Bleed Set Point is 500 then a Dead
Band of 50 will suffice.
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5.6.4 Walchem-
Most of the Walchems used are the WCT300 and WCT400 series controllers. Pleaserefer to
the attached service manual for information regarding the screen layout and specifics about the
controller. Some of the sites may utilize a WebMaster controller. Please refer to the attached
service manual for information regarding the screen layout and specifics about the controller.
Here is some basic information about the controller that will aid in troubleshooting.

The blow down valve is connected to the bleed function of the controller. Each
controller allows you to manually initiate the valve, refer to manual.

A LOW ALARM indicates that the current conductivity istoo far away from the bleed
set point. If thisaarm occurs, verify that the conductivity probeis calibrated, the bleed
set point is within its specifications and that the alarm set point is reasonable. Normally
the alarm set point should be at 30-40% for appropriate indication.

The blow down valve will only open if the current conductivity exceeds the bleed set
point.

All conductivity probes except for the toroidal must be verified once aweek for
accuracy.

All models utilize a5A, 240 Volt fuse on F2 that controls the power to the Bleed Relay.
The Webmaster unit requires programming viaa USB cable to set the configuration of
the Bleed Relay.

Most Walchem units are wired directly into the 120V relay found in the motor controller
that will remove the control of the blow down actuator away from the Timer. The 120
Volt signal from the NO Bleed relay in the controller passes directly to the coil on the
relay found in the motor controller.

If the controller iswired directly into the Actuated valve, then the NO signal passesto
the OPEN pin on the actuator and the NC signal passes to the CLOSE pin on the
actuator.

All Walchem units have atest feature built in to test the meter as well as the probe, refer
to attached manual.

If the conductivity meter reads “BLEED” even if the current conductivity is blow the set
point and dead bands, then someone may have adjusted the control direction of the bleed
function. Go into the Bleed screens and look under Control Direction it should be set to
HI.

If someone has placed a password into the controller and the password is not “5850” or
one that the customer has added, you can reset the password on each Walchem product.
Please refer to the operation manua for the controller. The WCT series requires the unit
to turned OFF and then press and hold the UP and DOWN keys while turning it on. The
password will be modified back to “1995” as shown on the screen during the keys being
held in.
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565 LMI-
The only LMI unit used was the DC4000 series controllers. Please refer to the attached service
manual for information regarding the screen layout and specifics about the controller. Hereis
some basi ¢ information about the controller that will aid in troubleshooting.
e Theblow down valveis connected to the bleed function of the controller. Each
controller allows you to manually initiate the valve, refer to manual.
e Theblow down valve will only open if the current conductivity exceeds the bleed set
point.
e All conductivity probes must be verified once aweek for accuracy.
e All models utilize a4A, 240 Volt fuse on F1 that controls the power to the Bleed Relay.
e Most LMI units are wired directly into the 120V relay found in the motor controller that
will remove the control of the blow down actuator away from the Timer. The 120 Volt
signal from the NO Bleed relay in the controller passes directly to the coil on the relay
found in the motor controller.
e If the controller iswired directly into the Actuated valve, then the NO signal passesto
the OPEN pin on the actuator and the NC signal passes to the CLOSE pin on the
actuator.

5.6.6 CHC Control Station-
The newer CHC skids utilize the CHC Control Station to monitor the conductivity of the system
and control the blow down valve. It utilizes atoroidal sensor that needs to be verified each
month as well as cleaned at least once every quarter. If the conductivity probe fails the
conductivity reading will indicate 0 or 32000. Y ou can use the hidden screen to monitor the
raw analog signal from the sensor, when in air it should read 60K-100 and when in water it
should read 200-4000. If the raw signal does not change verify the presence of the resistor and
check the voltage at the A1 connector. If the voltage does not change, then replace the sensor.
If the raw readings are normal but the meter is not stable, verify calibration or change the
sensor over to the A2 connector and change the V CS software accordingly. The Control Station
controls arelay within the motor starter that is used to control the blow down valve. If you
enter the Bleed screen, you can adjust the set points for the bleed function as well as press the
Bleed Test button to initiate a valve test (reverses current state for a period of 20 seconds).
Refer to the manual in this document for further assistance. If the Control Station Fails, it must
be replaced. Refer to “CHC Control Station Error Codes” for more information

64



5.7
5.7.1

5.7.2

CHC Control Station M essages-

No Filter Backwash (BW Failure shown on Control Panel’s screen)-

When the Filter’s Backwash has failed this indication will be shown, there are several possible
Causes:

Screen Plugged- If the filtration screen becomes plugged the outlet pressure of the filter will be
below 20 psi after aBackwash. If you continue to manually initiate a back wash and the
differential pressure never fals, then the screen may need to be removed and cleaned. Refer to
Filtration Screen Cleaning.

Solenoid Failure- If the solenoid fails, the controller will try to initiate the Backwash cycle,
but no Backwash will occur. To verify disconnect the tubing from the end of the rinse piston
and initiate a back wash. Water should flow (strongly) from the tubing. If no water flows to
the Rinse piston, then verify the solenoid is being energized, if it is the valve must be replaced
or cleaned. Without water being directed to the Rinse piston, the Backwash will not be
completed. Thisfailure could be caused by debris clogging up the screen in front of the
solenoid or afailure of the solenoid itself. If the solenoid hasfailed, it is recommended that the
screen be cleaned.

DP Switch Failure- If the filter’s back wash can be initiated with the Manual BW button but
does not respond to the DP switch, then it is possible that the switch within the DP switch has
failed. With avolt meter, verify that the switches within the DP switch are closed during
operation (this requires the DP switch gauge to be indicating over 8 psi. If power isnot applied
to the skid, the pressure will be reduced and each DP switch should be open as tested with a
conductivity meter.

Transducer Failure- If thefilter’s back wash can be initiated with the Manual BW button but
does not respond to the low trigger pressures as set in the CCS settings, verify that the
appropriate pressures as shown on the CCS. If no pressures are shown, then the CCS will not
backwash the filter as needed and you will have to troubleshoot the transducer signals.

Screen Cleaning Required M essage-

This message indicates that the filter has completed 8000 Backwashes and it is recommended at
that point to remove the screen from thefilter, clean it and inspect the screen and suction
manifold for damage. To clear this message, Turn ON the power disconnect, and as the initial
screen isindicated on the Control Station, press the F1 (Set UP) button. A password screen will
appear, press the screen where the password is shown and a numerical keypad will appear.

Enter 1000 and press the Enter/Return button, the screen will revert back to the Password screen
and then press the F3 button to clear the memory. Pressthe Main button (F4) to return to the
main screen. Y ou will notice that all counters will be cleared with this action.

65



5.7.3

5.7.4

5.7.5

5.7.6

Control Panel M essage of “ Power OFF” -
No action required, thisindicates that the motor controller’s HOA power switch isin the OFF
position.

Control Panel Message of “Pressure LO” -

This indication is shown when the pressures of the Filter or CHC have not reached the
appropriate pressures. Verify that the strainer baskets are clean, and that no isolation valves are
closed. Other problems may be associated with a pump failure or clog in suction piping.
Contact EcoWater CHC Service for further assistance.

Control Panel M essage of “ Power Failure’ -

This indication is shown when the motor starter has recognized aloss of a Supply Phase, or the
motor as caused the failure of the thermal overload. Turn off the power to the motor starter by
turning OFF the power disconnect. Open the motor controller and reset the Contactor’ s Reset
knob. Close the motor starter and try to initiate the pump again. If the pump failsto start,
contact the appropriate personnel to verify the power phases as well as monitor the motor’s
amperage. In many cases, problems with the power system due to weather may cause the
thermal overload to fail, if resetting the overload works, please verify the pump motor’s
amperage, if it iswithin range, monitor the function of the system to seeif the failure continues.
Contact EcoWater CHC Service for further assistance.

Control Panel M essage of “ Conductivity HI” -

Thisindication is shown when the conductivity value is exceeding the upper alarm limits as set
in the Set Up screens. Thisis normally an indication that the blow down or its piping is
plugged or non functional. It can aso be an indication that the make up water source haslost is
supply pressure and make up is not being added to the system fast enough to keep up with the
blow down rate. If the water supply system has failed, take appropriate actions with regard to
the supply, and you may need to turn the Filter skid’s power OFF while the tower’ s water level
increases.
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5.7.7 Control Panel Message of “Conductivity LO” -
This indication is shown when the conductivity value is below the lower alarm limitsas set in
the Set Up screens. Thisis normally an indication that a problem with the blow down or filter
back wash system has occurred. Please verify the operation of the blow down valves and filter
back wash functions. This message could aso be shown if low load conditions with the water
system are occurring (as in winter) if the load to the system is too low, the conductivity of the
water system may not cycle up to the appropriate COC levels. This message may continue until
the load increases on the water system. Monitor the system routinely to verify that this
condition is associated with the load.
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5.8

L eaks

The majority of the leaks will require the replacement of the defective parts. However, aways verify
that the hardware does not need to be tightened first to correct the issue.

5.8.1

5.8.2

5.8.3

5.84

5.85

5.8.6

O-Ring Leaksor Failure-
Replace defective O-Ring, and lubricate with appropriate silicone lubricant.

Flange gasket L eaks-
Tighten the flanges or replace the gasket.

Plumbing Leaksor Failure-
Contact the appropriate personnel to make corrections to plumbing.

ValveLeaksor Failure-
Contact the appropriate personnel to make corrections to plumbing.

Internal Valve L eaks-
In some cases you may find that the blow down actuator has a continuous leak, even in the
closed position. If you find this you will need to replace the blow down valve.

Vacuum L eaks-

Vacuum leaks on the CHC system can be a cause for concern, because they can cause a
decrease in the efficiency of the CHC treatment, it is always important to make sure that the
vacuum leaks are corrected with the appropriate actions.
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5.9
591

5.9.2

Algae and Biofilms-

Algae growing in tower in sunlit areas-

Thisisnot afaillure. The CHC system can only retard water- borne algae. The use of a
chemical algaecideto treat the algae is recommended unless requested by the customer. You
can aso recommend covering the affected areas with a sun screen to reduce the a gae growth
rate. Many of our customers have used a cover made out of corrugated fiberglassto cover the
exposed ends of atower next to thefill, these covers have been shown to be very efficient at
reducing algae growths on the ends of the towers. The use of a Biodispersant has also been
shown to be affective against Algae. The Biodispersant will in most cases release the Algae so
that it can be destroyed by the CHC chamber and removed by filtration. CHC has some
experience with an Ultrasonic Algae killing systems as well as Copper Silver lonizers. If you
are interested about this system contact EcoWater CHC Service for further information.

Biofilms-

Thisisnot afaillure. The CHC system can only treat water- borne growths it cannot treat films
growing in the piping or on other surfaces. The use of a Biodispersant has aso been shown to
be affective against Biofilms by releasing its grip on the surface until it can be treated by the
CHC chamber. We have seen accounts where they were next to afarm and fertilizer (manure)
was being ingested into the tower and causing afood source for the biofilm. | am also aware of
afood plant that also uses their cooling water to cool a process, where product was getting into
the cooling tower water causing a biofilm growth. It isimportant that you not only treat the
symptom, but you must also find and treat the source.
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510 Scale-

Scale formation within a system can occur for many reasons. This section outlines the items to do and
check to aid in CHC' s determination of possible causes for scale formation .

There are three major types of scale that can form within atreated system. They include Hard Scale
(like glass), Soft Scale (reformed granular or sandy sludge), Silica Scale. Some other forms of scale
have also been discussed.

5.10.1 Hard Scale
Hard Scaleis an indication that either the CHC trestment is not working as well asit should, or
that the cycles of concentration aretoo high. Thing to verify are as follows:

1. CHC function:

a

Is the pressure on the CHC unit appropriate (78-85 psi for a CHC 20, 88-105 for all
other CHC units.). Some causes for pressure loss may include suction side vacuum
leak, plugged strainers, incorrect valve positioning, plugged suction manifold or line,
loss of system power, defective pump, plugged CHC nozzle channels or |oss of
pump prime due to air entrapment in pump or piping. Verify the cause and take
appropriate action. All gauges must be verified by turning the system off and the
pressure should decline back to 0, and then back on to measure the pressure.

The vacuum must be at least -25 inHg.(may vary depending upon elevation of the
site). Loss of vacuum may be associated with aleaky gauge, tube, connection and or
fitting, low pump pressure, plugged nozzle and or too much back pressure on the
chamber.

Back Pressuretoo high or too low. Back pressure must only be 2-5 psi. if it istoo
low or too high make sure to adjust.

Alignment of Nozzles. Asthe water enters the end bellsit should not enter one of
the nozzl€' s channels directly. It should however, pass directly to the blank area
between two channels. This verification requires a visua inspection of the nozzles.
Inappropriate Venting of discharge. If the discharge of the CHC discharge drops
and is not vented, a siphon can occur causing an abnormal backpressure on the
cavitation cloud, it isimportant that the gasses are rel eased to the atmosphere, and
that the back pressure is controlled within acceptable limits.

Inappropriate distribution of treated water. When one CHC unit is treating multiple
towers or sumps and you have a scaling problem on one of the towers, thisisa
possible indication that the treated water is not being dispersed to all towers equally.
Y ou will also want to verify that the suction from the tower is equa to the others as
well.

The CHC nozzles may be blocked. Open the chamber and make sure the nozzle
ports are open and free from any large debris.

The CHC isundersized. This can occur when theinitial quotation information was
gathered. It ispossiblethat if the system water volume was underestimated, the
quoted CHC treatment required can be undersized and will require an upgrade. This
can also be the result of a significant change in Make-Up water hardness or Silica
levels.
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2. Cyclesof Concentration too High

a. Conductivity Meter isout of calibration- The meter may not have been routinely
calibrated to ensure accuracy. The calibration may have been affected by using an
out of date calibration standard, once the standard is used passed 50% or is brown in
color, EcoWater CHC recommends discarding the standard and opening a new one.
Verify the correct units of measure are used from the calibration standard label. The
probe may be dirty or scale may have formed on the tip affecting calibration (use
Rydlyme and or amild soap solution to clean the probe tip as instructed in the
manual). The probe may be defective (normally seen by a probe that is out of
calibration by more than 100 points routinely (complete self test of probe on all
Walchem units)). A defective meter can also cause an out of calibration situation, if
the meter will not calibrate to match a calibration solution or it fails the self test
function (Walchem only) replace the meter. Always compare the readings of the
conductivity meter against a known good meter.

b. Inappropriate or inadequate flow across conductivity probe. If thereisnot enough
flow across the conductivity probe, its readings can be lower than normal causing
the system to cycle up and scale. It isimportant to have at |east 5-8 GPM flow
across the probe to ensure accurate measurements. EcoWater also recommends that
asubmerged probeis not placed into the tower, these types of applications can also
give an erroneous measurement value causing cycles to climb.

c. Suction piping too close to Make-Up water distribution. If the suction pipingistoo
closeto the Make-Up water’ s valve, you can get a conductivity reading that is
diluted with the lower Make-Up water’s conductivity. Thiswill cause the actua
tower water’ s conductivity not to be measured and the blow down will not occur
when expected causing high cycles of concentration.

d. Incorrect Bleed Set Point. Verify that the Set Point value is appropriately selected to
match the desired cycles of concentration as compared to the conductivity to the
Make-Up water, or as specified by water anaysis.

e. Inoperative Blow Down Valve. Verify that the valve opens and closes as instructed
by the conductivity meter as well as the combo timer, failures could be associated
with a defective valve, relay, timer or conductivity meter. Y ou must verify that
water is drained from the system as the valve is opened and closed. Thedrain flow
must be strong and represent pump pressure during the opening of the valve.
Inappropriate flow may be an indication of an incorrect setting of the flow
regulation valve, plugged separator drain or plugged piping.

f. Scale can aso be caused by flow problems within the customers system. If the
water is suddenly stopped or weakened in flow within the heat exchanger or
condenser, the temperature at those sites can suddenly increase causing scale to
form.
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5.10.2 Soft Scale
Soft Scale formation and or accumulation is an indication of filtration system inadequacies.
Two primary types of this scale include reformed granular and sandy sludge. Reformed
granular scale becomes compacted and hard as it accumulates, while sandy sludge scale remains
mud like aslong as it remains wet. Thingsto verify are as follows:

1

Inadequate sweeping of the tower or basin floor. Check for placement on nozzles to verify
that debris is being swept towards the filtration suction and not the system suction. If debris
passes into the system suction, it can be ingested by their pumps, ground up and then
deposited into the fill or other areas creating reformed granular scale. If the scaleis not
ingested by the system pump and remains in the basin, it can form the sandy sludge that
remains until removed. If the sweeping system is to strong so that it stirsinstead of
sweeping the debris towards the suction manifold, this action can also make the debris pass
up the suction manifold and enter the system pump.

Placement and or design of the suction manifold. Check the placement of the suction
manifold, it should be located between the normal water flow within the sump or tower and
the system suction. If debris passes into the system suction, it can be ingested by their
pumps, ground up and then deposited into the fill or other areas creating reformed granular
scale. If the suction manifold does not create an adequate flow velocity, debriswill not be
removed from the basin floor, so verification of the design of the suction manifold is
required.

Frequent Cycling of towers. If the towers are cycled on and off frequently, water will
remain in thefill and as evaporation occurs, its solids will deposit in thefill. It isimportant
that if the system is cycled frequently, that the fans be left on for a period of afew minutes
to draw any remaining water from the fill there by decreasing any possible formation of this
type of scale.

Restricted suction piping. If the suction piping has become clogged with debris, its ability
to pass water to the pump isdiminished. Cleaning or replacement of the clogged pipe will
be required.

Inappropriate DP of Separator. Separators require aminimal 3 psi pressure drop across the
incoming and outgoing lines. If there is not enough pressure drop across the separator, this
indicates that the wrong separator has been installed, or that the flow has been compromised
within the system. A weak pressure drop is an indication that the water is not spinning
within the separator fast enough to ensure separation of heavy particles from the water.
Bags or cartridges not being replaced or cleaned as needed. Many systems are designed
with the use of bag or cartridge type filter systems. If they become full of debrisand not
replaced as needed the debris will not be removed from the system as needed and will
remain in the water possibly causing scaleto form.

Bag filter Bypass Failure. Asin line bag filters become full they are designed to increase
the pressure in the system causing a pressure sensor to open a bypass valve and allow the
water to bypass the full bag. If the bypass system does not open, the flow of filtered water
back to the tower or sump will be compromised and possibly causing scale to form.

Low pressure within filtration system. Low pressure within the filtration system can be
caused by clogging of the basket strainer, clogs or restrictions in the piping, pump failure or
valve positioning problems. Low pressure normally means that filtration will not be
appropriate and that the unit will not remove enough debris from the system to stop scale
formation.
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5.10.3 Silica Scale
Silica Scale is atype of scale caused by dissolved Silicalevelsin the basin increasing above the
point in which they can no longer sustain solubility. Thistype of scae will be deposited on
heated surfaces and is not affected by acid and must be removed my manual means. Thingsto
verify are asfollows:

1. Cyclesof Concentration too High

a. Out of calibration- The meter may not have been routinely calibrated to ensure
accuracy. The calibration may have been affected by using an out of date calibration
standard, once the standard is used passed 50% or is brown in color, EcoWater CHC
recommends discarding the standard and opening anew one. Verify the correct
units of measure are used from the calibration standard label. The probe may be
dirty or scale may have formed on the tip affecting calibration (use Rydlyme and or
amild soap solution to clean the probetip asinstructed in the manual). The probe
may be defective (normally seen by a probethat is out of calibration by more than
100 points routinely (complete self test of probe on all Walchem units)). A
defective meter can also cause an out of calibration situation, if the meter will not
calibrate to match a calibration solution or it fails the self test function (Walchem
only) replace the meter.

b. Inappropriate or inadequate flow across conductivity probe. If thereisnot enough
flow across the conductivity probe, its readings can be lower than normal causing
the system to cycle up and scale. It isimportant to have at |east 5-8 GPM flow
across the probe to ensure accurate measurements. EcoWater CHC also
recommends that a submerged probe is not placed into the tower, these types of
applications can also give an erroneous measurement valve causing cyclesto climb.

c. Suction piping too close to Make-Up water distribution. If the suction pipingistoo
closeto the Make-Up water’ s valve, you can get a conductivity reading that is
diluted with the lower Make-Up water’s conductivity. Thiswill cause the actua
tower water’ s conductivity not to be measured and the blow down will not occur
when expected causing high cycles of concentration.

d. Incorrect Bleed Set Point. Verify that the Set Point is appropriately selected to
match the desired cycles of concentration as compared to the conductivity to the
Make-Up water, or as specified by water analysis.

e. Inoperative Blow Down Valve. Verify that the valve opens and closes as instructed
by the conductivity meter as well as the combo timer. Y ou must verify that water is
drained from the system as the valve is opened and closed. The drain flow must be
strong and represent pump pressure during the opening of the valve. Inappropriate
flow may be an indication of an incorrect setting of the flow regulation valve,
plugged separator drain or plugged piping.

f. Scale can aso be caused by flow problems within the customers system. If the
water is suddenly stopped or weakened in flow within the heat exchanger or
condenser, the temperature at those sites can suddenly increase causing scale to
form.

g. Changesin Make-Up water chemistry or source can affect the ability to form scale.
If the source for Make-Up water changes or chemistry changesit is possible that the
Cycles of Concentration could be affected and promote scale formation.

2. Cyclesof Concentration did not reflect current Silicalevelsin the Make-Up water. If the
Silicalevels within the Make-Up water suddenly increase, it is possible that the sump levels
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of Silicamay increase above the level of sustained solubility. At thislevel Slicacan scale
out on the hot surfaces..

3. Frequent Cycling of Equipment. If the system pump is stopped before the heat has been
removed from heat exchanges, compressors, or other hot items, Silica scale can be formed
on the hot surfaces.

5.10.4 Ingestion Scale
Ingestion Scaleis normal, if the environment has many forms of airborne debris that can be
ingested into the towers. Thistype of scale can look very rough and in many cases can look
like feathers or stalactites that hang onto the fill. Y ou will also see ingestion scale on the
louvers or under the drip guards at the mist illuminators. The buildup on the tubes is normally
only on the lower tubes and are soft to the touch. They normally break very easily and can be
removed with a pressure washer under normal tower cleaning. If Ingestion Scaleisfound, the
use of alternate types of filtration may be warranted. Examples of Ingestion Scale forming
material: Concrete dust, sand, dirt as well as other airborne debris.

5.10.5 Overspray Scale
Overspray Scaleisnormal, if overspray reaches areas where there is not adequate water flow to
keep the surface clean. Thislight misting can evaporate and deposit its solids as a formation of
scale. Thistype of scale formation is normal and should be addressed during routine
mai ntenance

5.10.6 System Cycling Fill Scale,
If scale appearsin thefill of systems where the pumps and fans are routinely cycled, water is
left in the fill, and asit evaporates, its solids will be deposited in thefill. To diminish this
effect, instruct the customer to leave the fans on for an additiona five minutes after the pumps
stop to draw out any remaining water from the fill. This action will reduce the amount of debris
that will be available for scale formation.
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5.10.7 Cotton likeFill Scale
Cotton like Fill Scaleis normal and occurs on the leading edge of the fill, it occurs because of

the high evaporation rate at this leading edge and the diminished flow that is normally found at
thisarea of thefill aswell. Thistype of scaleisnormally very soft and can be removed with a
manual spray nozzle cleaning as needed.

Example Pictures:

Soft Sandy Scale buildup

Mud like buildup of Soft Scale
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Soft Scale that is granular but hard from basin

Soft Scale from tubes that is very granular
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Hard Scale from tubes that is hard like Glass
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Thereferences attached to this document represent the specific CHC products and theliterature
prepared by CHC all other reference material including service manuals areincluded on this CD
for your use.
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6.1 Corrosion Coupons

All CHC Equipment is supplied with Corrosion Coupon Racksinstalled. These racks allow for the use
of Corrosion Coupons to measure corrosion rates within the cooling system.

Normally, Ecowater CHC recommends alowing at least 90 days from date of installation before the
initial coupons are installed. These 90 days allow for the system to become accustomed to non-
chemical water treatment, as well as gives the required time to bring the cycles of concentration to their
specified value.

Once the coupons are installed they will be removed and sent to alab for analysis. The lab will then
Issue areport stating the corrosion rates as measured from the before and after coupon weights.

Coupons come in many different metals. They are intended to be placed into our PV C coupon rack for
at least 60 days to yield accurate corrosion rates. CHC's coupon racks allow for the use of any three
coupons at one time. We recommend sel ecting a coupon choice that will best represent the metal
content of the cooling system. The coupons that are available from EcoWater CHC include the
following:

Aluminum
Galvanized Mild Steel
Mild Steel

Copper

Stainless Stedl

Scale Coupon

EcoWater will supply Maintenance Agreement customers with two sets of coupons per year. The
normal coupon selection depends upon the tower type and its use.

Examples:
If acustomer has an Evaporative Condenser with a Galvanized basin, Ecowater CHC will
supply a Scale coupon and a Mild Steel coupon.

If acustomer has an Evaporative Condenser with a Stainless Steel basin, EcoWater CHC will
supply a Scale coupon, a Mild Steel coupon and a Stainless Steel coupon.

If acustomer has a Cooling Tower with a Galvanized Basin or a Stainless Steel basin,
EcoWater CHC will supply a Scale coupon, amild Steel coupon and a Copper coupon.

Other coupon configurations are available upon the request of the customer.

Installing the Corrosion Coupons

Most systems includes the provision for conducting Corrosion Coupon Testing. To conduct this test
you will first need to request coupons from EcoWater CHC. These couponswill beinstalled for no
lessthan 60 days befor e they are removed and weighed. The coupons can beinstalled up to 120
daysbeforeremoval. Thisinstallation requiresthe use of Nitrile Glovesto insure no
contamination of the coupons occur.
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I |solation Valve

Coupon Holder Rod

Holder Rod

[}
Holder Rod with Coupon
=

——Fg

Toinstall the Corrosion Coupons follow these steps:
1. Acquirethe coupons, the configuration of coupons will depend upon the type of cooling system

you areusing. Refer to the statement on the first page of this document.

When placing coupons, the Copper coupon will be first coupon that the water will comein

contact with and the Scale coupon will be the last.

Turn off the two isolation valves at the rack to stop all water flow.

Loosen the nut securing the coupon holder.

Remove the coupon holder rod from the coupon rack.

Remove the coupon installation screw from the coupon holder.

Place a coupon over the holder and secure with the installation screw.

Place the holder back into the rack so that the coupon is extended into the water flow tubein a

vertical position. Do not place the orientation of the coupon in a horizontal position, if

horizontal, the coupon can act like a shelf and support debris that maybe detrimental to your test

results.

9. Secure the holder into place by tightening the holder nut.

10. Open the rack’ sisolation valves.

11. Verify that the flow across the couponsis between five and eight GPM as shown on the flow
meter.

12. Mark the coupon envelopes with the date of installation and place in a secure location for use
upon the completion of the testing.

N

N AW

Removing the Corrosion Coupons
1. Turn off theisolation valves at the rack to stop al water flow.
2. Loosen and remove the holder nuts.
3. Slide out the holders, exposing the coupons.
4. Remove the coupon retention screws.
5. Remove the coupons, wipe them clean with a damp cloth.
6. Place each coupon back inits original envelope.
7. Place the retention screws back into the coupon holder rods.
8. Slide the coupon holder rods back into the rack.
9. Secure all rods by tightening their corresponding nuts.
10. Open the isolation valves and make sure no leaks are present.
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11. Adjust the flow meter until the five to eight GPM flow rate is achieved.
12. Return the coupons to EcoWater CHC for examination and analysis.
13. A report will be generated and returned to you with the results.
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6.2 Conductivity Controllers (Walchem and LMI)

VRTX Technologies, LLC 5807 Busiress Par<  San Antonio, TX 78218 (210)66° §300 800 722 D47¢

Condugtivity Controllers
As used in VRTX Installation

VRTX 1as used twe lypes of condLctivity meters, you will sre aoth types in existing
nslallations. 1he Walcham WC |1-300 ig aur cLirenl rmocel, while Lha LMI DC40CJ
was used for many years.

Al conduclivily relers serve lwo purposes in VR X inslallalions. 1 hey nclude
displaying the cumrent oasin TDS conductivizy, and cortrolling the blow down valve
f those coduciivity levels rise beyond the blow down settirg.

Calib-gtiar Veriication:
Roth systems reguire you to ver fy calibration at east once every twa weeks.

To verify calibration, comalete the following steps:

. Isolete the conductivity probe by clasirg the appropr ate valves.
Rermove lha proae fram Lhe sample lee.

Clecan tre probe as shawn below.

Insert the probe into the ONE-SHOT calibration stancard.
Varily lhal lhe displayed condugclivily value is wilhin 50 poinls ol lhe conduclivily &s labeled on
the ONCSHOT. [fthe reacings are greatcr taan 50 points off, calibrate the centroller as shown
¢ the next page.

Opan he isolaling va ves Lo allow lor waler la came oul al lhe samgple lae (or a. leasl 5 seconds.
Ingait the probe back into “he sarple tee making sure taat the aligrmens siud or tab is within its
mate and tighien the -ing.

ﬁ IM Siud @- —— Walsren lab

8. Ad usl tha flow rale through the sample tee ta acnieve f-om 6 20 8 GPM tlow rata.
B. Verily 10 leaks are presenl. Il lcaks are presenl. you w Il need le ¢clean ar replace Lhe
O-ring seal on the sample tee.

RN

N

Probe Cleaning:

Once t1e prabe is ‘emaved from ‘he samrple tee, use a soft cloth to rerrove debris Tem the sensing
elements. ONLY rub the sens ng elements in the fo lowir g d rections, damzge can acour if the
direcianal lorce of Ihe rubbing is 10l as shown. 1" buildup cannol se cleared, uga RYDOLYME Lo
‘emave excess buildup.

Cordugivily Vel cator “J/ 15 e ©
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Acjusments:

Nate: Pzay clase atentior to the Lnits being displayed by the Conductivity Canroller. | Most
calibration standards include calibration valaes for Microseimen cm as we | as ppm. |Jse the
appropriate value whean calibrating your controller.

Culibvation Walclhems
If czlibration of the Walchem is required, fallow these seps:
1. Verify tha: the probe is cleaned appropriately.
2. Insert the pobe nta the ONE-SHOT ca ibrazian standzard ard allow the readings to stabilize. May
take up o three mirutes ta stabilize.
3. Once the eadings on 1he primary screen has stabi ized, pusk the "ENTER” button twice to advanc
to the Calibrate screen as shown below:

1. Pressthe (UP)dar  Dawn) bultons until that dig t closely mazches ihe labeling or the calibratiar
standa‘ds label. To change the next digit, you will necd to press the < or > buttens unti the
appropriae cigil blinks and allows adjustment. Once all dig ts match the cal bration standa“c pres:
the "ENTER” huttan to save the calibrat on settings. The sareen will change as shown below ¢
signify the acceptarce of t1e change!

5. Press the “CXIT" baton TWICL to retarn ta the ma n display.

Bliw Doven Setlings-

Once the Calibration is veriied you can adjust the alew cown cantral settings. These settings allow the
coritroller to cortrol the maximum ccnducsivity of the bas n water. Tne actual set point will reflect the
calculated canductivity value “or your reqrired Cycles of Corcentration.

Ta change the settings, “ollow trese steps:
1. F-om the rair screeq, press the "NEXT” buttbn TWICE anc the fol owing screer will appea~.

2. Press the “CNTCR! buttan ard the screen will crange to the following.

Coreug vy Ver fication G35 nage 2
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(93]

. Ndjust this se: point for your maximur basin concuctivty limit. As tnis limit s reached, the
blow down valve will open and drain some of the water from the aasin to lower the basin's
sonduclivily. 1o change Lhis sallings valle, asd he A, |, < anc > bullons Lo selecl Ihe
approp-iate valuc and then press the *ENTER” buttor tc save tae changes. Once the value is
accepted the following screen wil apoear.

1. Press lne “NEXT' bullan ONCE unli lhe Dead Band screen appears as shown helow.

5. Adjust the Dead Band sctting so thatit is about 10" of your blow down sctting value. and ther
press the "ENTER" autton to save your selection.

6. Press “CXIT” until the main screer appears.

Calibration- LM
If calibration of the LMl is reqLired, “ollow trese steps:
1. Verify tha: the probe is cleaner aparnpriately.
2. Inser. lhe probe nla lhe ONE-SIIOT calibra.ian slandard and allow Ihe readings Lo slabil ze. May
take up o trree mirutes ta stabilize.
3. Once the ~eadings on the primary screen has stabi ized, pusk the "ENTER™ button ONCE o advanc
lo lne Calibrale screen as shown below:

4. Press lhep(UP) or @ [Dawn) bullons unlil lhe value as shown malches Lhe appropriale valua on Lhe
ONE-SHOT laacl. Press "ENTER” to save your charges and return to the main screen.

Blow Down Settings-

Once the Calibration is veriied you can adjust the blow cown contral sctt ngs. Trese scttirgs allow the
conitroller to cortrol the maximum ceaduciivity of the gas n water. Tne actuzl set poirt will reflect the
calou aled conduclivily value for yoar requirad Cycles ol Conuenlralion.

To change the settings, “ollow trese steps:
1. From he mair screan, prass lha@bullon ONCE, and Lhe "ENTER” bullcn QONCE un.il Llhe cu-sor
appears. Press the & and the M auttons until the aapropriate value to tie nearest tenth is shown on
the screen. Pressthe "ENTER™ button to save your setings.

2. Pressthe button ONCL, and the diffe-ential (Dead Band) setting screen will appear. Press the
“ENTER" button ONCE wuntil the cLrsc appears. Press the A& and the w buttons unt| the aspreariate
cillerenlial va ue s shown on lhe screen. Press lhe "ENTER” bullon Lo save your sellings.

Currdadiviy Verituelion 1V/1€ pagy 3



6.3 Timed Power ON/OFF Cycling of CHC Treatment

Not all customers require 24/7/365 operation of the CHC Treatment. The CHC treatment systemis
designed to treat the water within the system whenever thereis aload present on the system, as well
as periodically treat the water on a non-loaded system to enhance the cal cium removal and control
bacteria growth.

So when a customer asks “ Do we have to operate our CHC unit and Filtration units 24/77". And
the answer may surprise you. “Yesand No.”

Let me explain:

Evaporative Condenser Customers-

For a customer who has an Evaporative Condenser and runs their system dry for extended periods
of time throughout the winter. We can help.. These types of customers frequently use an indoor
drain down sump, and it is that sump that our CHC and Filtration systemstreat. \We can work with
each customer to customize a schedule to power ON and OFF the systems to maintain treatment of
their sump while minimizing the Bacteria growth. We have also suggested the use of Bleach (we
have an application formula) to increase the OFF time of the systems. These types of customers
can greatly save on energy if they use this approach.

Other Evaporative Condenser Customers do not use a drain down sump, but may also be able to
utilize this Power Cycling approach. Only customers who have a heated basin, and have insulated
and heat taped the CHC systems can use asimilar approach. Other customers may not need to
utilize this approach if they currently drain their systems during the winter and leave our systems
Off anyway. If the customer stopsthe CHC and Filtration systems and does not have them
winterized or drained, the system may freeze and could possibly destroy gauges, pipes, strainers
and even pumps. So we are very selective about who we share this ON/OFF Power Cycling
approach with.

Cooling Tower Customers-

Most Cooling Tower customers utilize a chiller and would never qualify for the use of the above
mentioned approach to energy conservation. However, there are customers who do not use their
chillersin Winter, and move towards the use of a heat exchanger instead or only use the Cooling
Tower on the work days and not on the week ends. These type of customers could utilize this
approach and save money.

New Customers-

Aswe qualify each new customer, we need to keep in mind the types of towers they have aswell as
thelr current usage through out the year. If that information is sent to CHC for quote with any
further information about the customer’ s desire to be energy efficient, EcoWwater CHC can look at
thisinformation and suggest the use of energy efficient pumps (cost premium), or the use of a
Power Cycling Schedule or both. In any way, the customer should feel that EcoWater CHC offers
more than just water treatment, it offers the engineering, sales coordination and care about our
customers to make their application a success.
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6.4 Separator Purge Timer

Adjusting the Separator Purge Timer

é

15 VY1

SS

ON
Time

OFF
Time

-10min
6-60 6-60min
1-10°
11" 10-100h

Dial A adjusts the
range values of B

Dial C adjusts the
range values of D

If A is adjusted for 6-60 than the range for
B will be 6-60 seconds with 1 on B
representing 6 seconds and 10 representing

60 seconds. So if you want 18 seconds ON

you will need to adjust A to 6-60 and B
will need to beset on 3 (3 x 6 = 18)

If Cis adjusted to 1-10h than the range for
D will be 1-10 hours with 1 on D
representing 1 hour and 10 representing 10
representing 10 hours. So if you want

3 hours OFF time, you will need to adjust
Cto1-10hand D to 3.

Aslong as you remember that the white
did abovetheblue did sets the range of the
blue did, and you carefully set the white
did you can adjust thetimer’s ON and
OFF times

Therate of Flashing of theindicator E
represents the status of thetimer. If E
flashes quickly than the timer is in the ON
state, whileif it flashes slowly, it represents
the OFF state.

Whenever power is turned OFF and the
back ON thetimer will initiate the ON
state for the period selected by the ON
Timedias. Oncethat period is complete
it will start the OFF stat e time as selected
by the OFF Time Didls.
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6.5 Freeze Protection Options

Freeze Protection is normally the responsibility of the Customer. EcoWater CHC does recommend the
use of Freeze Protection in locations where freezing can occur with power outages. Dueto the
geographical location or system usage, EcoWater CHC reserves the right to require Freeze Protection
and may adjust the Maintenance Agreement pricing to ensure such protection is taken.

Under normal conditions, if the system is powered, the piping will not freeze aslong as the flow in the
piping ismaintained. Most customer systems contain water that is heated by the use of a heater or from
the load on the system. Under these conditions the system will not have a problem unless power is lost
or upon pump failure.

Some customers do not require Freeze Protection due to their geographical location, physical
installation area (indoors) or they may have chosen to run the systems dry in the winter and drain the
CHC system during those months.

There are several levels of protection that can be used to protect the system. The cost of each level
differs depending upon the overall systems complexity and customer’s needs. Here are severd levels
and their associated advantages and disadvantages arranged for the least expensive to the most
expensive:

1. Not-Recommended

a. ASISfrom factory with normal power- Thislevel although the most cost effective, has
several disadvantages. Thefirst and strongest isloss of power, if power islost or the
pump fails, water stops to flow within the system and freeze damage can occur. If the
pump fails for any reason or power islost, the customer must become aware of the
failure, and then take action to isolate and drain the piping to ensure against freeze
damage.

b. AS-ISfrom factory with uninterrupted power- Thisleve although cost effective, aso
has several disadvantages. Thefirst and strongest is pump failure. 1f the pump fails for
any reason the customer must become aware of the failure, and then take action to
isolate and drain the piping to ensure against freeze damage.

2. Conditionally Recommended (Requires Customer Service Personnel Diligence)

a.  Upgraded at Factory with Pump Indicator and using uninterrupted power- Same as that
found in #2, however an indicator is added to the system that allows the customer to be
notified of a pump failure with the use of an external indictor placed in an appropriate
location or interfaced into the site's monitoring system. The customer’s service
personnel would then be responsible to isolate and drain the system upon failure to
ensure against freeze damage.

3. Recommended

a. Upgraded at Factory with Pump Indicator and AUTO Isolation and Drain. This
modification to the system allows for the system to monitor the power of the pump and
pressures and then AUTOMATICALLY closes theisolation valves located at the
towers, and then opens the drains at the skid when a pump failure is detected. The
system then notifies the customer through a separate indicator asin #3. This type of
protection requires the use of an uninterrupted power source.
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b. Heat Tracing and Insulation- Heat Tracing and Insulation only helps in instances where
the customer has the CHC and Heat Tracing on an uninterrupted power source. If the
system isinstalled without uninterrupted power, and a power failure occurs the
temperature of the piping and system will fall allowing for possible freeze damage.
Here again, the customer’ s service personnel will be responsible to isolate and drain the
system to protect against freeze damage if the power stays off for extended periods.
Heat Tracing and Insulation also requires for the piping of the skid itself to be protected.

c. Upgraded at Factory with Heated Skid Housings- This level utilizes a heated skid
housing that protects the piping within the skid upon pump failure. The design of the
skid will be modified to internalize the Flow Meter, Conductivity probe and Corrosion
Coupon Rack It requires the use of Heat Tracing and Insulation to protect the piping
from the skid to the towers. This option yields the cleanest installation maximizing
serviceability, however is the most costly of the options.

If you have any questions about Freeze Protection, you can contact EcoWater CHC Technical Services
at 800-722-0476.
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6.6 Routine Maintenance Procedure

This procedure coversall CHC systems
All Systems, although they may look different, are generally made up of the same parts. This procedure
utilizes examples of item locations that may differ from those found on your skid. Please refer to the
Service Manual that is specific for your customer’s site for detailed equi pment explanation.

Each section reflects the type of unit you have in front of you. Make sure that the section you are using
reflects the equipment that is at that customer site. Some examples of different types of equipment and
their gauge locations are shown at the end of this section and can be used for reference. However, not
all equipment may look like the examples, so they should only be used as examples.

This procedure reflects those sections of the Customer Service Report (CSR) as they appear from top to
bottom. Each section isimportant and you should take your time and make sure the corresponding
information is complete and accurate. If you have questions about so of this content, please contact
EcoWater CHC Service Personell.

Steps to be taken during a Repair are shown in Red.

Steps to be taken during a Mechanica visit are shownin Blue.
Steps to be taken during a Quarterly Service are shownin
Steps to be taken on every visit are shown in Black.

» Make sure the customer (end user) understands the Service offering and their responsibilities (PM’s)
0 Definethe customers care requirements (PM’s)
o0 Definethe outlay of information and reports from Ecowater CHC
o Initiate chain of communication:
=  Know who isthe contact person?
= Know who requires the reports and water anaysis?
=  Know and understand the site (customers) policies and procedures while on their site.
=  Know what days and times are better for the customer for site visits.
» Scheduling
0 Notify the customer of scheduled visit.
=  Request and provide the following information
e Arethereany issues, concerns and or comments?
¢ Arethereany new hiresthat need to be trained on the system?
e Explain what type of service you will be performing.
» Conduct Service according to the Specified Service Flow

SERVICE FLOW
1. Choose one of the following CSR Types

a  Regular
b. Mechanica performed by Ecowater CHC Service Technicians
c. Service by EcoWater CHC (any repairs)
2. Service by EcowWater CHC (REPAIRS)
a. Enter thedate of the servicerepair request
b. Enter the creator of the servicerepair request
i. Customer
ii. Service Rep
— iii. On Site Service Tech
iv. Other EcoWater CHC Personnel
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12.

13
14.
15.
16.
17.
18,
19,
20.
21.
22
23,
24,
25.
—{ 2.
27.
28,

29.
{30.
31.
32.
33.

34.
35.

36.

37
38

39.

c. Enter thereason for the Service Repair Request
d. Record all partsused to maketherepair

e. In NOTESenter the cause of the problem and any notesrelevant to theissue.

Perform a wal k-around while visually inspecting the entire skid and plumbing
a.  Looking for any issues, such as leaks, broken items, genera condition
b. Makesureindicator lights are functioning properly.

Record CHC Chamber gauge pressure /transducer display

Record Separator inlet and outlet pressures/transducer display

Record Auto Filter inlet and outlet pressures/transducer display
a Veify DPlessthan 3

Record Conductivity controller conductivity reading

Record Conductivity controller conductivity unit of measure

Record Conductivity controller Blow Down set point

Record Backwash count

. Auto Filtration — Initiate an “Manual Backwash”

Record Separator Purge Timer/Blow down settings
a  Timer ON/OFF
Turn off power to the pump (COMBO)
Turn off power to the CHC Chamber and Filter pumps
Verify that the CHC gauges/transducer display returnsto zero
Verify that the Separator gauges/transducer display returnsto zero
Verify that the Auto Filter gauges/transducer display returnsto zero
Turn off main power disconnect (COMBO)
Turn off main power disconnect to the CHC Chamber and Filter pumps
Open the Motor Starter box (MECHANICAL)
Check all electrical connections (M ECHANICAL)
Grease Pump(s) (MECHANICAL)
Cycle all Butterfly and Ball Valves
Valve off the strainer(s)
Check and clean the strainer(s)
Remove, check and clean Auto Filtration Screen (MECHANICAL)
Clean any inline strainers (found on 4" tube associated with Auto Filters)
Remove and clean the conductivity probe leave in the open air.
Remove Coupons (MECHANICAL)
Install Coupons (MECHANICAL)
Turn main power disconnect on (PLC)
Confirm that the Conductivity reading is a zero
Reingtall the Conductivity probe.
Calibrate Transducers (if Needed)
a  Refer to REFER TO “CHC PLC Sensor Calibration Procedure” instructions
Calibrate Conductivity probe
a.  Referto REFER TO “CHC PLC Sensor Calibration Procedure” instructions
Open al valvesto their operational settings
. Turn Main Power Disconnect ON to all skids (MECHANICAL)
. Turn ON Pump(s)
Record Amperagereading and Pump FLA rating for: (MECHANICAL)
a. Singlepump (COMBO)
b. Filtration Pump
c. CHC Chamber Pump
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40.
41,
42.
43.
44,
45.
46.
47.
48.

49,

50.

51.

52.

53

55
56
57

—59

60

58.

Turn OFF Pump(s)

Turn OFF Main Power Disconnects (MECHANICAL)

Close Motor Starter Box(es) (MECHANICAL)

Turn ON Main Power Disconnect (MECHANICAL)

Enter F1 Set Up Screen (MECHANICAL)

Turn ON Pump(s)

Verify and record CHC Chamber gauge Pressure /transducer display

Verify and record Separator inlet and outlet pressures/transducer display

Verify and record Auto Filter inlet and outlet pressures/transducer display
a Veify DPlessthan 3

Record Conductivity controller conductivity reading (AFTER CALIBRATION)

Water samples are to be taken from each sump and make up source.
a.  The samples areto be shipped to EcoWater CHC.
b. Each sample must be labeled with the following information:
i. Location
ii. Date
iii. Type Sump (CHC) or Make up
1. Include the sump number or identifier when multiple sumps are being treated.
Water Samples and Biological Testing (MECHANICAL)
a. Water samplesareto betaken from each sump and make up source.
b. Thesamplesareto berefrigerated and shipped to Ecowater CHC OVERNIGHT for biological
testing
Dip Slides are to be taken from each sump sample and results recorded and reported to EcoWater CHC after 48
hours
a.  All results greater than 10,000 need to be photographed and submitted to EcoWater CHC.
. 2" Verification that all valves arein their normal operating position.
. Touch up painting of EcoWater CHC and Filtration components (M ECHANICAL) <FSA>
. Repeat the above for Filtration Systems #2 and #3 if applicable
. Meet with Customer to discuss findings
. Review and photograph the following tower elements (MECHANICAL +)
a. | would likethisto happen on all MECHANICAL visits
b. Tubebundle condition
c. Basin condition
i. CHC nozzlefunction
ii. CHC suction manifold function
iii. Tower pump suction screen (Customer to clean if needed)
d. Tower spray nozzle function (Customer to clean if needed)
M ake recommendations to customers (EcoWater CHC Employee)
. NOTES:

a. Each sectionin Ulysseswill have a“Notes.” section. Add any pertinent notes to the appropriate section.

b. Record ANY notesthat do not meet the parameters above.
c. Note ANY customer concerns and or comments.
d. Copy al customer concerns and comments into Ecowater CHC only notes.
. Ecowater CHC ONLY NOTES:
a.  Record any notes that you feel need to make EcoWater CHC aware of. These notes are only visible to
EcoWater CHC.
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Customer evaluation and training.

Timely delivery of accurate reports.

Timely shipment of water samples for analysis.

Discuss Service Visit with the appropriate customer contact.

Verify follow up with regards to notes and customer comments.

Refine schedul e as needed.

Y our EcoWater CHC Field Technician will be contacting the customer upon receipt of the submitted CSR in
Ulysses.

Notify Carl Steffen viaemail SteffenC@ECOWATER.COM of any items that need to be addressed. Please use
the following phrase in the subject line of the email “SERVICE ACTION REQUESTED”

VVVYVYVVYVYVYYVY
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6.7 CYCLESOF CONCENTRATION

What are Cycles of Concentration? Cycles are not the flow cycles of water in the system. Itisa
comparison of the concentrations of dissolved saltsin makeup water and basin water. Because of
evaporation, H,O left water to evaporate and leave the dissolved saltsin cooling water. So the
concentration of the dissolved saltsin the cooling tower water will increase. Cycles of 2 meansthe
concentration of certain species (like sodium or chlorides) in the cooling tower water are 2 times the
concentration in the makeup water.

How do you calculate cycles? The easy, and most popular method isto use TDS (Total Dissolved
Solids). Cycles are equal to the TDS (or conductivity) ratio of basin to makeup. Thisis based on the
assumption that all dissolved constituents in makeup will still be in basin water. The evaporation is the
only source for changes in concentration. Thisistrue for systems with a successful chemical treatment.
But for water treated by CHC, parts of the dissolved calcium and bicarbonate are transformed into
calcium carbonate solids. TDSisonly good for estimating the cycles, Ecowater CHC recommends the
use of chloride concentrations to calculate the actual cycles.

If the makeup and blow down rates are known, cycles can aso be calculated by the ratio of makeup
volume to blow down volume. This method will give an average cycles over a certain time period,
instead of a snap shot value when using TDS or chloride.

TDSvs. cycles: When we tell customers we are going to reduce blow down significantly, the
customers may think there will be a huge bump up in cyclesand TDS. Yes, cycleswill go up, but not
necessarily TDS. Let'slook at thisin detail:

When using chemical treatment, acids or scale inhibitors are used to prevent the precipitation of
calcium carbonate, so all the dissolved solids from makeup will stay in the water. Thereforethe TDS
of the cooling water is linearly proportional to the makeup TDS and cycles:

TDS (basin) = TDS (makeup) * cycles
Actualy, the TDS (basin) may be even higher, because of the addition of treatment chemicals. Thisis
usually negligible; but for some water having very low TDS, such as water from the Pacific North

West, the contribution could be noticeable.

When water istreated by CHC, reactionsin the CHC chamber will force some dissolved Calcium and
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bicarbonate to form CaCO; colloids. These colloids are very small and are still suspended in water, but
they are not dissolved anymore. They arein asolid state, instead of a dissolved state. All other species,
such as chloride, sulfate and potassium will not be affected by CHC treatment. Formed CaCO3; may
also contain asmall percentage of Mg, but most of Mg will be in water. So the TDS (basin) will not
linearly increase with cycles. The increase of TDS (basin) will be slower with cycles than in chemical
treatment. Let'slook at an example:

Theis the makeup water anaysis.

Calcium =100 ppm as CaCOs
Magnesium =30 ppm as CaCOs
Sodium =7 ppmasion

Bicarbonate = 100 ppm as CaCOs (for most water, akalinity = bicarbonate)
Chloride =25 ppmasion

Sulfate =10 ppm asion

The TDS of thiswater is 89 ppm

When using chemical treatment, at acycles of 3, the water chemistry will be like this:

Calcium = 300 ppm as CaCO3
Magnesium =90 ppm as CaCO3
Sodium =21 ppmasion
Bicarbonate =300 ppm as CaCO3
Chloride =75 ppmasion
Sulfate =30 ppmasion

So everything isincreased 3 times, including TDS: TDS = 267 ppm.

However, when one uses CHC treatment, some Calcium and bicarbonate are converted to CaCOg3
colloids, so at acycles of 3, the water chemistry will be the same except Calcium will be ~ 150 ppm as
CaCO3 and bicarbonate will be ~ 150 ppm as CaCOs. e.g., magnesium, sodium, chloride, sulfate
increase 3 time, but calcium and bicarbonate increase less. This water hasa TDS of 208 ppm. See the
difference? TDS only increased to 2.3 times. So cycles measured from conductivity is 2.3 whereas the
real cycles are 3.0. Substantially less water was blown down than what the conductivity based cycles
indicate.
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6.8 Basic Water Chemistry and Under standing the Water Analysis Results

Thewater analysis provided by EcoWater CHC can be difficult to understand. However, by
under standing the terms shown in that analysis, you can make sense of your water analysis.

Example of Water Analysisprovided by Ecowater CHC
Water Analysis Results for

VRTX 40 gpm unit started 12/27/05

Sample Sarnple | T(°C)| pH pH Alkalinity | Hardness {macCaCOgl) Chloride TDS Conductivity Cycles of Bacteria
fid Date (Fieldy | (Fieldy (Lak) ({mgCaCoyLl) Total Ca iy {moily | (mgily {microseimensicm) Concentration (Cly CFUs/mL
make up 06/20/06 0 280 @ 845 745 91 216 171 45 138 787 1136

SUmp 06/20/06 275 93 832 110 531 385 246 419 2190 3283

Laboratory Comments and Recommendations

A standard water analysisincludes pH, akalinity, total hardness, calcium hardness, magnesium
hardness, chloride, TDS, conductivity, cycles of concentration and bacteria population. Other analyses,
such as silica, zinc, copper, iron are aso performed for some cases.
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Terminology

pH: ThepH isameasure of acidity or alkalinity of water. pH < 7 isacidic, pH > 7 isakalineand pH
of 7isneutral. As pH increases, water becomes less corrosive but the scaling tendency of some
insoluble sdlts, such as calcium carbonate and cal cium phosphate, increases. Each time you descend a
whole number (for example: from 7.0 to 6.0), the acidity of solution increases by afactor of 10. Thus, a
pH of 6 is 1000 times more acidic than apH of 9.

The pH Scale
Range pH H” OH’ Substance
Concentration Concentration | Examples
0 1 0.0000000000000
1
1 0.1 0.0000000000001 | Battery acid
2 0.01 0.000000000001 | Lemon juice
Acid 3 0.001 0.00000000001 | Vinegar
4 0.0001 0.0000000001 | Orangejuice
5 0.00001 0.000000001 | Coffee
6 0.000001 0.00000001 | Normal rain
water
Neutral 7 0.0000001 0.0000001 | Distilled water
8 0.00000001 0.000001 | Milk
9 0.000000001 0.00001 | Salt brine
10 | 0.0000000001 0.0001 | Baking soda
Alkaine | 11 | 0.0000000000 0.001 | Milk of
1 magnesia
12 | 0.0000000000 0.01 | Ammonia
01
13 | 0.0000000000 0.1 | Chlorine
001 bleach
14 | 0.0000000000 1]|Lye
001

Alkalinity (Alk.): Alkalinity isameasurement of the buffering capability of water with the addition of
acid. With the addition a certain amount of acid, pH can lower dramatically for water with low
alkalinity, but pH only decreases slightly when its alkalinity is high. The main contributors of akalinity
are carbonate ions, bicarbonate ions, hydroxide ions, and dissolved CO, present in water. For most of
waters, bicarbonate (HCO3) is the dominant contribution to alkalinity. Alkalinity affects both corrosion
and scaling tendencies.

Calcium Hardness (Ca): Cacium isone of the principle e ements making up the earth’s crust.
Calcium normally gets into water when rain water causes calcium carbonate to leach from limestone
depositsin the soil. It isthe maor contribution to water hardness. Calcium aids in the formation of
soap curds during cleaning and in some instances can form hard scale.

95



Magnesium hardness (M g): Mg, like Ca, isleached from the soil by rainwater. It contributes to the
total hardness but is generally present at much lower levels than Ca. Magnesium hardnessis a
calculated number based on measured total hardness and calcium hardness:

Magnesium hardness = Total hardness - Calcium hardness

Total hardness: Thisisthe sum of Caand Mg hardness. Fe (Iron), Mn (Manganese), Al (Aluminum)
and other metals also contribute to the total hardness but these substances are usually present in such
small quantities that they can be ignored. Hard waters are generally considered to be those waters that
require considerable amounts of soap to produce afoam or lather, and that also produce scale in hot
water pipes, heaters, boilers, and other units in which temperature of water isincreased materialy.

The hardness of water varies considerably from place to place. In generd, surface waters are softer than
ground waters. The hardness of water reflects the nature of the geological formations with which it has
been in contact. The following illustration shows the general character of the water suppliesin the
United States. The softest waters are found in the New England, South Atlantic, and Pacific Northwest
states. lowa, Illinois, Indiana, Arizona, New Mexico, and the Great Plains states have the hardest
waters.

Groundwater Hardness Map
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Waters are commonly classified in terms of the degree of hardness. There are different standards, as
listed in the following Table:

Table: Water hardness Classification

Developed by Water Quality Association

Term ppm as CaCO3
Soft <171
Slightly hard 17.1-60
Moderately hard 60 — 120
Hard 120-180
Very hard > 180

The hardness of water is derived largely from contact with the soil and rock formations. Rain water as
it falls upon the earth isincapable of dissolving the tremendous amounts of solids found in many
natural waters. The ability to dissolve is gained in the soil where carbon dioxide is released by bacterial
action. The soil water becomes highly charged with CO,, which, of course, exists in equilibrium with
carbonic acid. Under the low pH conditions that develop, basic materials, particularly limestone
formations, are dissolved. The Figure below shows where this originates and how it attacks carbonate
minerals. Since limestone is not pure carbonate but includes impurities such as sulfates, chlorides, and
silicates, these materials become exposed to the solvent action of water as the carbonates are dissolved,
and they pass into solution too.

In general, hard waters originate in areas where the topsoil is thick and limestone formations are
present. Soft waters originate in areas where the topsoil is thin and limestone formation is sparse or

LT

TOPSOIL

Zone of intense bacterial action — CO, in large amounts
Some action on basic compounds— CaCOj; + H,CO; — Ca(HCO3),, €tc.

SUBSOIL

Zone of less bacterial action — CO, in small amounts

Continued action on basic compounds— CaCO; + H,CO; — Ca(HCOs)s,
€tc.

Zone of intense chemical feaction
CaCO3 + H2003 e d Ca(H 03)2,
03 + H2C03 —> Mg(H 03)2
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Chloride (CI"): Like Sodium (Na), most chloride salts are very soluble in water. They can cause
corrosion at high levels. Chloride is used to calculated cycles of concentration becauseit is stable in
cooling water systems.

Total Dissolved Solid (TDS): TDSisthetotal concentration of dissolved components, such as salts
and sugar. Salts, like NaCl, dissociate into ions; while some organic matters, like sugar, do not break
up into ions when dissolved in water. There are different approaches to determine TDS, but it is
commonly estimated from conductivity.

Conductivity: Conductivity is defined as the ability of an aqueous solution to carry an electric current
and can be easily measured by a conductivity meter. It is used to estimate Total Dissolved Solids
(TDS).

Cooling water problems

Scale - Minerals such as calcium and magnesium are relatively insoluble in water and can form scale
deposits when exposed to conditions commonly found in cooling water systems. A layer of scale as
thin as 1/64 inch can reduce heat exchanger efficiency by 15%. Scale formation can be controlled by
scale inhibitors such as threshold inhibition chemicals and scale conditioners. Chemical treatments
include acids, polymers and polyphosphates which prevent scale formation by keeping the scale-
forming mineralsin solution to prevent deposits from forming.

Corrosion - Most metals used in cooling water systems are very susceptible to corrosion. Keeping
surfaces clean is the most important aspect of preventing corrosion, since under-deposit corrosion can
take place and result in serious damage. Corrosion can be uniformly distributed throughout the system
or it can be localized, causing severe pitting and rapid equipment failure. There are various corrosion
inhibitors used in chemical treatment.

Microbiological deposits - More cooling water treatment programs fail due to lack of microbiological
control than any of the other two problems mentioned above. Scale, corrosion, and fouling often are
symptoms of an unsuccessful program, but the root cause is inadequate microbiologica control.
Makeup water and wind can carry microorganisms into a cooling water system. Uncontrolled
microbiological fouling can lead to problems at every point in the cooling water system. Corrosion
occurs under the bacterial slime layer. Inorganic foulants are trapped in this slime layer, compounding
the problem. Microbiological chemicals often used include chlorine, chlorine aternatives, and
appropriate biocides

Rarely do corrosion, scale and fouling occur independently of one another. Usually two or all three
develop together to cause loss of heat transfer and premature metal loss. For example, microbial
fouling can cause scaling and corrosion to occur; corrosion can contribute to iron fouling and
encourage more corrosion to occur. To break this cycle, proper problem identification isimportant for
selecting and applying a practical, economical solution to any deposit problem.
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I ndicators for concern

1

Cycles of concentration are too high or too low: For each installation, there is arecommended
cycles of concentration. Thisis achieved by properly setting the blow down conductivity point.
If cycles aretoo high, water quality deteriorates and may exceed the treatment capability,
causing performance problems. If cycles are too low, there will be too much blow down, thus
reduced water saving. Also, cooling water may not get enough CHC treatment at low cycles.

Examples of causes for changesin cycles of concentration: a). Conductivity meter is out of
calibration and not working properly. The Conductivity meter should be cleaned and calibrated
for each visit. b). Changesin evaporation rate due to system load or weather. c). Changesin
makeup water chemistry.

Changes in makeup water chemistry: Thisis usually caused by changes in the source of makeup
water. Well water (ground water) is generaly quite stable for each well but could change
significantly from other wells nearby. Surface water changes with seasons. Some cities use a
combination of different water sources for municipa water.

Changesin hardness and alkalinity in makeup water will changes the scaling tendency. Changes
in chloride also changes water’ s corrosivity. Changes in conductivity (TDS) directly affect
cycles of concentration. Therefore, conductivity set-point may need to be adjusted.

Relative calcium concentrations of sump water and makeup: When makeup water chemistry
and cycles of concentration are stable, changes in sump water calcium hardness may indicate
changes in the performance of the CHC system.

Significant increase in bacteria population: Often thisis caused by contamination. Follow-up
sample is recommended. Survey the system and find out the cause.
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CHC-INSIGHT

6.9 INSTALLATION CERTIFICATE

The undersigned hereby certifies that all items described below, leased/rented to the undersigned pursuant to the lease/rental agreement
between the Lessor/Seller and the undersigned (the “ Equipment”), have been delivered, and that this Equipment has been accepted by
the undersigned and is now operational.

Chamber
Unit Serial #: Serial #:
Located
Equipment at
In the City County State
of of of

Company Name

INSTALLATION INFORMATION

Plumbing/Installation

Contractor:

Telephone #: Date:
Electrical Contractor (if

applicable):

Telephone #: Date:

Date System
Operational:

Customer Signature

EcoWater CHC Tech/Rep Signature)
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6.10

Water Sampling Instructions

Water Sampling - Field Instructions

When collecting samples, you must follow these steps:

Water samples should be collected from the following locations if accessible:
Make-up water, basin, and any other points of interest.

Normally one make-up sample should be taken for each site, each tower being treated should have its
own basin sample taken.

Make sure the collected sample represents real water chemistry. When you collect samples from
non-flowing lines, open the valve and let the water flow for a few minutes before you fill the bottle.
Always rinse sample bottles, if it is a new bottle, two rinses will be fine. However, if it is a used

bottle, three or more rinses are recommended.

Sample bottles should be completely filled to the top (no air space left), tightly seal the lid and make sure

the bottle is marked correctly. & .

A correctly marked bottle will include the customer’s name, state, sampling date, location, pH, TDS

and temperature. -

If sampling a basin, you will want to remove the lid, turn the bottle upside down and then emerge the
bottle at least two inches below the water level. Then turn the bottle over, allowing it to fill completely,
and then remove the bottle and place and tighten the lid.

1
! | 4

5
4
8

The collected samples should be shipped in the provided padded envelope back to EcoWater CHC.

Attn: Chemistry Lab, 5850 Corridor Parkway, Schertz, TX 78154. If this sample is for bacteria testing,
please follow the proper guidelines for submitting, which can be found on Bacterial Water Sampling-Field
Instructions.

If sample bottles or padded envelopes are needed, contact CHC Customer Service with quantity needed.
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6.11 Dip Slide Testing
Dip strip testing — Field I nstructions:
Dip strip testing must be performed for each and every non-make up water sample taken.

Procedure:

1. You will need one Dip Strip per tower being treated by CHC.
Open the Dip Strip and remove the test strip from the foil package.
3. Submerge the test strip in the water from the tower for three (3) seconds, being careful not to
submerge in a high turbulence stream; this could damage the test strip.
4. Remove the test strip from the water and sling off any excess water by waving the strip from side to
side.
a. DO NOT ALLOW THE TEST STRIP TO TOUCH ANYTHING AT THIS POINT!
5. Place the test strip into the supplied zip-lock bag.
6. Label the bag with location, sump and date.
7. Place the test strip in a location out of direct sunlight for a period of 48 hours. This location must have
a stable temperature in the range of 77-95 degrees F.
8. After 48 hours, compare test strip to the results comparison page supplied with the Dip Strips.
9. Record the test results in Ulysses.
10. EcoWater CHC requires pictures of any Dip Slide that shows a count larger than 10,000
11. Samples that have a count greater than 100,000 will require a more in-depth test.
a. These tests can only be performed at our lab.
b. The samples will need to be refrigerated and shipped overnight to EcoWater CHC.
12. Dispose of the Dip Slide.

N

Bacteria Growth Check

Brain Heart Infusion Media is used for the cultivation of " v
a wide variety of microbiological organisms including "

batteria, yeasts, and molds. It has also been proven Ba‘Cter’a G
effective in the cultivalion of many types of pathogens. | Ch e
TEST PROCEDURE: L .
Dip one test strip in the water sample for 2 seconds;
for surfaces, add deionized/distilled water and swab This test kit includes 30 packsts of bacteria growth test strips

for 2 seconds. Place the strip into one of the clear, and 30 clear plastic bags for incubating the strips.

small plastic bags. Seel the zipper seal onthe bag ~ e Bacteria Grawth Check™ sirips have been specially
with a minimal amount of air in the bag. Incubate at with Brain H media that allows
room temperature, in the dark where it will be i sm:g_"“"" of fastidious aerobic bacteria found in
undisturbed, for 48 hours. Incubation temperatures of

70°F fo 100°F (21°C - 38°C) are okay. Ideally, the s ey e

incubation takes place at 85°F (29°C). After 48 hours,
examine the test sirip (do not remove from the plastic
bag) for aerobic bacteria growth by comparing the strip
to the color chart. Record your results. Dispose of the
plastic bag with the strip in regular trash that is not
accessible to children or pats.

If you want to know the specific bacteria in your water,

have a fresh sample tested by your local e ".
< 1, 000 microbiological laboratory. | < 100 y OOO
<102 >10? >10* >10° >10°
LR —p— .
e s @ aactaramy
62010 bncsvral o Syvires, . - MACHE I LIS « 10 WC <=Lless >=Greater
WATERNCRNE ™ b o Fadermark of induniriad Test Systems, Inc.. Roct HEL, 5C USA
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6.12 CSR Form (Blank)

The CSR forms for each account are specific to that account. Please request the appropriate forms
from EcoWater CHC Service.

6.13 Procedurefor Chemical Passvation

In order to chemically passivate a cooling system, an inhibitor (WR-6035) will need to be added and
the pH of the system controlled between the range of 6-7. In order to accomplish this, EcoWater CHC
uses a Walchem pH/Conductivity controller. Water from the cooling system flows across the probes
for conductivity and pH, after which citric acid (first) and WR-6035 (second) are injected. The
discharge from the injectors returns directly back to the sump. Two chemical pumps will be used to
inject WR-6035 (EZB10D1-VE — Clear Plastic) and the citric acid (EZB10D1-TC — White Plastic).
The citric acid pump should be plugged into the electrical pigtail labeled “pH” off the controller, while
the WR-6035 pump will be put on aslow continuous feed.

In order to get started, the pH probe and the conductivity probe must be calibrated. Refer to the
Walchem manual on how to perform calibration. In order to calibrate you will need pH 4 and pH 7
standards for the pH probe and a bottle of “One Shot” calibration solution for the conductivity probe.
Once cadlibrated, the range for pH control needs to be programmed. It isrecommended that the upper
limit be pH 6.8 and set the span for 0.4, which will shut off the acid pump when the pH gets below 6.4.
We recommend operating the system at < 2.0 cycles of concentration based upon the conductivity of
the make up water. Consult the Walchem manual on how to set these parameters.

Prior to starting the passivation process we recommend you blow down the system to well below the
conductivity set point so when you start adding chemicals they do not immediately trigger a blowdown.
Pictures of the tubes (condenser) or basin (cooling tower) should be taken prior to passivation and then
again after. The processis successful if the color of the galvanized metal goes from a shiny aluminum
to adull gray color.

At start-up, you will need to prime the chemical pumps with the respective fluids; consult the pump
manua on how to do this. Once you are ready to go you will need to have available a WR-6035 test kit
and should have 1 gallon of Antifoam AF in case foaming becomes an issue. The test kit will have the
procedure on how to determine how much WR-6035 isin the system. Should foaming be an issue, you
will need to pour in 8 ounces of antifoam at atime into the system in order to kill the foam (alittle anti-
foam goes along way).

The controller will bring the pH of the system in line automatically. As stated earlier, the acid pump
(EZB10D1-TC — White Plastic) gets plugged into the “pH” electric pigtail on the controller. Typically
a good setting for the acid pump speed will be 300. Y ou will need to put in a slug does of the WR-
6035 to get the residual into the 40-100 ppm range. This can be accomplished by turning the pump up
to a speed setting of 325 and let it run for about 10 minutes, and then pull a water sample to run the
WR-6035 test. The WR-6035 pump (EZB10D1-VE — Clear Plastic) should be plugged directly into a
power outlet so it can run continuously. Once you get into the recommended WR-6035 dosage range
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(40-100 ppm per the test), you can then start backing the WR-6035 pump speed setting down until itis
in arange where the residual dosage is specified (40-100 ppm). Y ou will probably find that you will
step the WR-6035 pump down a couple of times until the dosage comesin range. Typically the final
setting of the 6035 pump will be around 150. Once set up, the system should take care of itself until
the chemicals are consumed.

Once the system has been passivated, prior to disconnecting the chemical pumps, they should both be
flushed by pumping water through them for a couple of minutes. Also, if thereisany chemical left in
the drums, it should be carefully poured into a drain with flushing water, and the drums should be
rinsed out a couple of timesaswell. Also, you must replace the bung hole caps. When done,
remember to take “after” pictures of the same locations as the “before” pictures.

Some helpful points:
1 Mark the chemical level in the drum by time every so often in order to gauge how much

material you are using on adaily basis. The process should take 3-5 days, so if you are over
feeding, you may run out of chemical too quickly.

2. It is okay to overdose with the 6035 (better to overdose than under dose). It isnot okay to get
the pH much below 6 in the system.
3. Use standard precautions when handling the chemicals. Y ou should be wearing safety glasses

and rubber gloves and be aware of where the nearest eye wash station isin case needed. Also,
you should have a source of water available so you can rinse your hands or the areain case acid
is spilled.

4. If the chemical injection points are to remain on the system, install pipe plugs into the female
bushings after removing the chemical feed lines.

5. Tubing for pumpsis 3/8” OD %2’ 1D Polyethylene. If needed, you can get a 25 ft roll at Home
Depot.

6. Y ou need 1/2” female bushings for the injection nozzles from the pumps.
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6.14 CHC Control Station M anual

CWZWAIATED
ECOWATER
S Y S 1y E M S°E
\\/
PROFESSIONA.L
PRODUCTS

CHC
Control Station
Technical Manual

CHC Insight

Monitor Control Station

EREREFE

**For Distribution to EcoWater CHC Representatives only**
7/12/14 Rev C
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Forward
This manual has been written for the sole use of the Ecowater CHC Representativesto aid in the
under standing, and technical application of the CHC Control Station. This manual isnot
intended as a supplement to the Oper ation/Service Manual and should not be released for
customer use. If the customer has purchased the system and they request information that is

shown herein, please request the appropriate documentation from EcoWater CHC Service
Department.
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Control Station Description
The Control Station has been designed to monitor and control the CHC treatment system. It utilizesa
PLC (Programmable Logic Controller) that has been programmed by EcoWater CHC to meet the
operational requirements. Its screen layout has been designed to minimize the need for customer
interaction as well as minimize confusion in screen function and layout. There are User Screens as
well as Set Up screens. The Set Up screens will be configured at the time of installation and do not
require configuration by the user, for this reason, the Set Up screens are Password protected. The
control station isintegrated into the system as shown in this diagram:

Conductivity using
Toroidal Conductivity Probe

CHC Power Switch (Optional)

Blow Down Actuator

/

CHC Phase and Overload (Optional)

CHC Pressure Switch (Optional) \

Filter Power Switch
CHC Vacuum Switch Optional
Filter Phase and Overload (Optional)

Filter Pressure Switch (Optional)

~

Micro SD Memory Card

Alarm Indicator Filter Back Wash Control

Filter Alarm Monitoring
Alarm Tracking

Communications Options (RS232, RS485,
Ethernet, Phone Modem, Cell Modem,

Modbus)

PL C Basic Specifications
The Control Station operates on 24 VVolt DC Power
The Input signals are required to be 20-24 Volt DC
The Outputs utilize relay contacts and can handle up to 120V, 2A power control for each
The display isa monochromatic 3 %2” LCD that is direct sunlight readable.
The operational temperature range for the product exceeds our CHC system specifications.
PLC Make- Horner APG XLT, model number- XE-XT102AB. (www.heapg.com)
Refer to the Electrical Schematic for wiring specifications.
There are severa Communication Options, refer to EcoWater CHC Service Department for more
information.

Mounting
The Control Station must be mounted in an appropriately rated enclosure. This enclosure could include
amotor starter box or could be enclosed in a separate box to the side. The front panel israted for
Nema4X (IP65) use. Please refer to the PLC's Manual for further specifications.
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Basic Functions
Power Recovery- If the power fails the system will automatically reboot, and continue its operation
upon the return of the supply power. No user settingswill belost. No Alarm History will be lost.
TheUser Interface- The user interface has been constructed to alow soft touch screen button use as
well as Fkeys to minimize the operator’ s interaction requirements. Refer to Screens for further
information.
Multiple Language Ability- The user interface was constructed to allow multiple languages as
selected in the set up screens. The Initial and Set Up screens will aways be shown in English no
matter what language is chosen.
Conductivity- The conductivity of the system is monitored continuously with the use of the supplied
Toroidal conductivity probe placed in a continuous water flow on the filtration skid that bypasses the
filter. Allowsfor control of conductivity based blow down aswell as HI and LO alarms placed around
the normal conductivity levels. Functions have been added to alow the calibration of the conductivity
sensor to AIR as well as to ahigher known conductivity value liquid.
Blow Down Control- The blow down is controlled by a blow down set point that is selectable within
the user screens. The blow down utilizes the conductivity valve against the selected blow down
settings to control and maintain the conductivity within the system water. A dead band (found within
the Set Up screens) is utilized to reduce valve opening and closing frequency to lengthen valve life. A
simple test has been added to the Bleed screen that allows for the easy verification of Blow Down
Valve operation.
Filter Control- Thefilters are monitored continuously and their cleaning routines are controlled by
the Control Station. The number of back washes are shown on the main screen for easy viewing. A
Manual Back Wash initiate feature has been added to the main screen to allow your testing of the back
wash ability of thefilter. The filter control interfaces with adifferential pressure switch (DP) aswell as
the back flush solenoids to aid in the control and monitoring of thefilter.
Pump Monitoring- The control station can be configured to monitor the power system of the pump,
thisincludes the power status of the pump, its thermal overload condition as well as monitor the Power
Phase condition of incoming power. The system can be configured to monitor the pump’s pressure if
required.
Alarm Indication- Alertsare shown under their corresponding labels, the alarms have been prioritized
to minimize nuisance alarms. Upon an alarm activation, an output of the controller can be utilized to
send a24VDC signal to an indicator for the customer’s use.
Alarm Storage- Asaarms occur, they are stored in the control station’s memory for future use. They
can aso be stored continuously onto a Micro SD memory card if it isinstalled in the controller.
Optional Features- As shown above many of the monitoring features of the pumps can be turned ON
and OFF asrequired. The station aso has the ability to communicate in other ways with building
control systems and other communication systems, contact EcoWater CHC for further information
about the communication abilities.
Set UP Screens- The Set up screens contain the basic system settings needed to configure the
operation of the system.
Password Protection- All sensitive configurations of the system have been password protected. From
theinitial Start Up screen, you can press the SET UP button that will change the screen to the Password
screen. As the appropriate password is entered and the Enter (F3) button is then pressed the system
will conduct several possibleitems. These items could be entering into the Set UP screens (password
5850) or Conducting a Factory Default on all system settings (password 8789), clearing the counter
memories (password 1000), or ssimply restoring the user setting to User Defaults (passwords 112 or
977). If any of the defaults are completed al counter memory isreset to 0. This means that the back
wash counts, secondary back wash counts, current conductivity calibration, ect will be lost.
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System Screen- Within the system screen, basic controls of system functions can be changed. The
functions include: Changing the Date and Time, Adjusting the Screen Contrast, Memory Card Deleting
and Formatting, and Program uploads from memory card (used for updating program).

109



Screens

There are several screens that can be used within the Control Station this section looks at all of the
possible screens, their hierarchy and display and control options for each screen.
From each screen several Fkeys have been constructed to allow operational, and screen changed
function. All screens have been designed to utilize soft keys (buttons on LCD) as well as the hard keys
(Fkeys) to control the features and actions of the system.

Main
All Return to Main keys ( 0 ), change the screen being shown back to the Main User Screen.
All screens except the Alarm Screen automatically will revert to the Main User Screen. Thetimeit
requires for each screen is shown in the screen flow hierarchy as shown within this manual.
There are two basic types of screens that can be accessed by the Control Station software, there are
USER screensaswell as SET UP or SYSTEM screens. All SET UP and SY STEM screens are
protected by passwords and EcoWater CHC recommends that the user is only made aware of those
passwords that are appropriate to them. That means that if the customer isa Full Service Agreement
(FSA) customer they should only be made aware of the pass words for resetting the User Defaults and
that NOTHING MORE. However if the customer has purchased the CHC Treatment system, we are
allowed to pass on the required information to the customer about all possible passwords. Please refer
these customer’ s to EcoWater CHC Service so that the appropriate documentation can be given to
them.
Anyone can view and change the settings of the User Screens as desired. The user screen language will
reflect that language chosen in the Set UP Screens. The Set UP and SY STEM screens will always be
shown in English no matter what language is chosen in the Set Up Screens.
The following pages discuss the screens in more detail :
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I nitial Screen

CHC Insight

Monitor Control Station

Version 2A

ser Q
up  LOG

Warning Screen

You probably don't want to
change any system
settings, but if changes
are required contact your
VRTX Representative

Password Screen

User Screensin Detail

Once Power is applied, this screen appears to indicate the Software
Revision number and allow access to the Set Up screens and Alarm
Screens. If no actions are taken the unit will revert to the Main
screen in 15 seconds. The user can also pass directly to the Main
screen by pressing the Return to Main soft key or the F4 Hard key.

This screen appears when the customer tries to enter the System
Screen. The system screen is pass word protected. The System
Screen allows the user to change the date, time, start and stop the
program, etc.. To continue to the Pass Word Screen you must

go back to theinitial screen and then enter into the Set Up screens

This screen appears when the customer tries to enter the System

or Set UP Screens. By pressing the box, an apha numeric key pad

will be shown to alow for input of CODE. Once the codeis entered

it will be shown on this screen, and if the F3 key is pressed with the
appropriate Code being shown, the screen will change to the Set UP
Screen. If the Codeis correct and you press the F1 key, the screen will
change to the System screen. If abutton is pressed and the codeis
incorrect, no action will be taken.
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Alarms Screen

This screen isonly available from the Initial Screen. It allows the user
to review the date and time of each Alarm occurrence. Alarms are

Alarms

A considered asfailures as well as power ON and OFF occurrences.
This section describes Alarm
mm/dd/yy HH:mm:ss ACT
This section describes Alarm
mm/ddlyy HH:mm:ss ACT

Thie section describes Alarm
mm/ddlyy HH:mm:as ACT
This saction describes Alarm

Thisisthe Main User Default screen for monitoring. All screens except the
Alarm Screen automatically default back to this screen with atime frame. If
any of the MAIN (F4) keys or soft keys are pressed this screen will appear.
This screen indicates al current system status alarms and values.

Within this screen there are severa key areas of interest:

CHC area- Appearsif selected for monitoring in the Set Up screens.

If any Alarms are active- They are displayed under the CHC label.

If the system is operating within specification an OK will appear as shown.
FILTER area- Within thefilter area, if the systems are operating within
specification the OK will appear. If an alarm is active the filter # will be
shown to theright of the FILTER label and its corresponding Alarm will be
shown, in this example PUMP OFF isindicated. The current Back Wash
Counts for each filter are aso shown, if only onefilter is selected, only its
Back Wash Count will appear. During a back wash an“ING” will be shown
to the right of the BACK WASH label, as shown. Conductivity HI an LOW
alarms are also shown in this area.

Conductivity area- The current conductivity value from the Toroidal probeis
shown here. The units of measure will change from uS/cm to ppm as
selected in the Set-Up screens.

BLEED area- The current Blow Down Bleed limit is shown in this area.
if the unit is currently blowing down, an “ING” will be placed to the
right of the BLEED label

The Soft keys at the bottom allow the user to pass to other corresponding
screens
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Air Calibration Screen

AIR CALIBRATION
Current
R
Put Sensor in Air-

Press F1
Press F3 for HI
Calibration

SAVE HI Pdain|
F1 CAL

HI Calibration Screen

HI CALIBRATION

NEW Current
R Ak

Clean Probe,

Insert Probe into
Known
conductivty
solution, Prass
F3
AR SAVE
CAL F2

Bleed Screen

BLEED SETTINGS

BLEED SET POINT

This screen allows the user to insert an Air Calibration point (LOW)
into the scaling of the Toroidal conductivity probes scaling.

Once the sensor is cleaned, the user will leave the probe in open

air and as the current conductivity’ s reading stabilizes, the F1 key
will be pressed to insert the Low (0) calibration point

This screen allows the user to insert a High Calibration point

into the scaling of the Toroidal conductivity probe’ s display.

The user can clean the probe and insert it into a known calibration
solution, or they can choose to |eave the probe in the system
water if the conductivity value has been verified. They will then
enter the known conductivity value into the NEW box. They can
incrementally increase or decrease the value with the UP and Down
buttons, or they can press the New box on the screen to insert the
value directly with a numeric key pad that will appear. Once the
New value has been selected, the SAVE F2 key can be

pressed to insert the new value into the calibration scaling of the
conductivity probe.

This screen is used to insert the appropriate BLEED Set point to control
the cycles of concentration. The Bleed Setting can be increased or
decreased incrementally by pressing the UP or DOWN buttons. If the
value box is pressed on the screen a numeric key pad will appear
allowing the user to directly insert the appropriate value.

If the Bleed Test F1 key is pressed, the current state of the blow down
actuator will invert (Close > Open or Open >Close) for a period of
20 seconds to allow for actuator function verification.
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Help Screen

If the HELP soft key is pressed on the Main screen the HELP Screen
will be shown. The phone number shown on this screen can be
FOR HELP CALL: installed in the Set Up screens.

A Refer to Service
Manual, Call above
number for assistance
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SET UP Screens
This Section is currently being rewritten

Other Screens
SYSTEM Screen

Set Network ID
Set Network Baud
Sel Contrast

View Status
View Diags
View /O Slots
View Protocols
Sel Fkeys Mode
Sel Serial Ports
Sel Time/Date
Set Beeper

Sel Screen
Removable Media
Fail - Safe System

Alphanumeric Input Screen

| 05850 |
D) ()
(=)

PRS I TUV I WXYI
; s g Esc

() )

The System Screen can be accessed while indicting the First Set UP
screen.

Whilethisfirst Set Up screen is shown (Select Language screen), if
the F2 key is pressed the System screen will appear. Within this
screen you have the option of selecting severa settings that may be of
interest. Use the up and down buttons to move the cursor over your
desired setting and press the return button to enter that settings
screen. Settings of interest may include the CONTRAST screen
where you can change the contrast of the LCD, aswell asthe
Removable Media Setting, that allows you to format, save, or Update
the systems software with the use of the Micro SD card.

Contact EcoWater CHC Service for more information if needed about
the Svstem

This screen automatically appears if you select any of the boxes on the
screens that require an input. (Bleed Set Point, Passcode, Help Set Up,
Controller Set Up, etc.

Y ou can select the appropriate input by pressing the corresponding
keys. Oncetheinput is correct press the return soft key and the input
value will appear in the box you first pressed.

Y ou can use the Left and Right soft keys to move the cursor over an
area you need to correct on you input value, or you can press the
ESCape soft key to return to the previous screen without an input
value.
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The Control Station’s Software can by updated at the factory or at the customer site. This section

Updating The Software

refers to the procedure needed to update the software in the field (customer site). IT ISVERY
IMPORTANT TO FOLLOW THISPROCEDURE EXACTLY ASSHOWN BELOW.

1
2.

O N OA~®

10.

11.
12.

Turn the power OFF to the Control Station, by turning off the power disconnect.

Open the Motor Starter and insert the supplied memory card into the memory slot on the
top of the PLC. DO NOT forcethe card into its slot, it will smply dlideinto its
connections and click onceitisin place. The card' s electrical connection will face the
Control Station’s Face plate.

Turn the Power back ON.

Once the Initial screen appears, Press the Set UP soft key or F2 hard keys.

The Password screen will appear and enter 5850 into the passcode area.

Press the Enter soft key or F3.

The Set Up Screen #1 (Select Language) screen will appear.

From this screen, and this screen only pressthe F2 hard key. It isnot 1abeled on the
screen, but it will allow you to enter into the SY STEM screen.

Press the Down arrow until the cursor is shown over the Removable Media setting.
Press the Return button (looks like an arrow going down and to the left) to enter into the
Removable Media screen. The screen should ook like this one shown below:

Select the DEFAULT.PGM file by moving the cursor with the Up and Down soft keys.
Press the Return button and the following screen should appear:

Media Directory

Format Flash Card

Are You Sure?

Del Sa
R EE)
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13. Pressthe OK button on the Load Application window.
14. Asthe software is being up loaded this screen will be shown indicating that progress of
the upload:

Media Directory

(=)

15. Oncethe softwareisinstalled the screen will change with awindow and it then asks
you if you would like to place the unit in the RUN mode. Press the OK button and the
unit should revert back to the initiation screen.

16. If any problems occur or the system does not start operating with the Initiation screen,
call EcoWater CHC Service for help. The software was designed to check its own
Check Sum upon power on and if the Check Sum of the running program does not
match the stored program, the unit will indicate this failure with a“ CRC Error”.

17. Once the software is loaded, al settings will need to be verified in the User and Set Up
screens.

18. Once all settings are correctly made and verified, enter back into the Set Up screens and
continue to the Load as Defaults screen and press the Load Defaults button.
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Control Station Connections

The Control Station has been designed to allow the interface to serve many versions of CHC, Filtration,
alert, function and communication options. Most of the options are build directly into the system and
only require connection to the hardware and Setting Screen Configuration to implement their use.
However the optional communication formats require software modification and are not discussed in

this section.

Pins
+

G

ov
Al
A2
A3
A4
1

12

13

14

15

16

17

18

H1
H2
H3
H4
C1l
R1
C2
R2
C3
R3
C4
R4
C5
R5
C6
R6

Name

24 VDC Power
Negative
Ground
Negative Ref.
Conductivity
Analog Input
Analog Input
Analog Input
CHC Power
Filter Power
CHC Pressure
Filter Pressure
Filter Electrical
CHC Electrical
Filt 1 BW High
Filt 1 BW Low
Filt 2 BW High
Digita Input
Digita Input
Digita Input
Common (R1)
Relay Out 1
Common (R2)
Relay Out 2
Common (R3)
Relay Out 3
Common (R4)
Relay Out 4
Common (R5)
Relay Out 5
Common (R6)
Relay Out 6

Function

Supply Positive Power Input

Supply Negative Power Input

Earth Ground

Supply Negative Reference Input

Conductivity Sensor Input (Black wire)

Not Used

Not Used

Not Used

CHC Power Input (24 VDC Signal)

Filter Power Input (24 VDC Signal)

CHC Pressure Input (24 VDC Signal)

Filter Pressure Input (24 VDC Signal)

Filter Electrical Failure Input (24 VDC Signal)
CHC Electrica Failure Input (24 VDC Signal)
Filter 1 BW switch high Input (24 VDC Signal)
Filter 1 BW switch low Input (24 VDC Signal)
Filter 2 BW switch high Input (24 VDC Signal)
Not Used

Not Used

Not Used

Common for Relay 1

Blow Down Relay Control Signal

Common for Relay 2

Filter 1 BW Control Signal

Common for Relay 3

Filter 2 BW Control Signal

Common for Relay 4

Filter 1 Back Pressure Relay Control Signal
Common for Relay 5

Filter 2 Back Pressure Relay Control Signal
Common for Relay 6

Alarm Relay (for Indicator light or BCS integration)
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6.15 Electrical Schematics
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Cabinet Style CHC (Push ON/OFF)

With Modification
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Cabinet Style CHC (HOA Switch)
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CHC Chamber Parts and Infor mation

Old Endbdl
Elbow Grommet
U4 tubex 1/4MPT vacTube J
|1 1@
Lg GrooveLock Vac Tube N
Q Clampw/sedl O-rings - Brasshi
1/4tube | / Nozz|e
lllll Endcap New Endbdl  Hex Bushing
| 3/8x3/8Elbow
ﬂﬂﬂj@-ﬂ[ﬂ:m:‘ JIE=] [EEIH:%\
38 Colpiing L I 3/8x 14 Elbow
NoY) Ha( Head
NOZZI Bolts
O-rings 3/8x 1/4 Reducer
Sn GrooveLock € B
Clamp W/sed

Discharge
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Other Reference Materialsin file

CHC equipment views with callouts, old and new
CHC operation manual (example)

Corrosion Coupon Analysis

Walchem Conductivity meter (s) operation manuals
ZGF Manuals (al)

Filtomat Manuals (al)

Turbo Disk (looking for)
Forsta Manual

Spears Manua

MSDS sheets for Rydlyme, D5, and Micronice
Spray nozzle worksheet

Power schematics

DP switch procedure
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