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Definition of Closed Water System

Not Open to Atmosphere

No Water Evaporation [mu%i?:;dfailsj
E|)e5|grr11ed ffo%\/llmmal Eaumlnﬂumam M m
ess than 1%) water _
losses Supply ool
Constani or vanable yalve
speed secondary pumps
Used to transport Chilled
or Heating Hot Water or
both with two pipe
systems Pump
controller
plcalc?/ treated with
her dosage levels of - Ao
chemlcal treatment chack
vilies
| Air separator and
Constant spesd exuan:sim tank(s)
primary pumps

Still subject to corrosion and scale
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Corrosmn CeII Reaction

v A T VA "i R TN A N T

Water (Electrolyte)

Fe2+ OH-

Cathode
| Electron
—_Fow T
ANODE REACTIONS CATHODIC REACTIONS
Chemical Oxidation Chemical Reduction

4 Fe0 — Fet++ 4+ 2e 1/202 . H20 +2e —- 20H"™
- 2Fe(OH)2 + 1/202 + H20 —> 2Fe(OH)3



Galvanic Corrosion Basics

Stainless Steel (Passive)

eTitanium Cathodic -
«Bronze More Easily
Protected
*Copper (More Noble)
*Brass

*Stainless Steel (Active)

eCast Iron
e Mild Steel
eAluminum
Anodic - eZinc
More Easily ]
Corroded *Magnesium

. (Less Noble)
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Galvanic Corrosion
(COPPER INDUCED)

Galvanic Corrosion
Example - Copper Plating on Steel

Fe® + Cu*? ----> Fe*? + Cu®

F +2
e Ccu? /
FeO/Ze'




The Water Treatment Triangle

Corrosion

Deposition e L Biological
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Evaporator (Chilled) Tube Design

e Enhanced on both sides
 Thinner wall thickness..
e delivers higher efficiency

l\l'“tm'l} “l i

 Once Corrosion/Scale/Deposition Starts........
* Insulation Effect — Scale, Fouling, Bio
 More energy to lower water temp

e Efficiency loss as high as 40%

Lic)



So Now What Do We Do?
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The Solution

* Mechanical

e Chemical

e Operational

* Pre-Operational
o ay-Up




The Mechanical Solution

Proper Air Removal

Proper Water Velocity

Seal/Valve Operation

F I | t r atl O n Figure 1: Single Typical Mechanical Shaft Seal
Cail Spring
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Filtration of Closed Systems

Routine Filtration for
Closed Systems

Large systems system
turnover of 2 to 4 days

Variable speed pumps -
Reduce velocity
Increase the tendency
for deposition of debris

Greatest Impact: Enhanced Tubes
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The Chemical Solution

Select program based on water chemistry
and application

Create/Maintain Passive Barrier

Special attention to copper inhibitor and
monitoring

Reqgular Water Testing and Monitoring



The Chemical Solution
Program based on water chemistry & application

Inhibitor Pro’s Co

Cost effective Breakdown,
Works rapidl bacterial food

Perceived as safe Effectiveness, scale
formation

Silica
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Scale Inhibition

Solution as part of the chemical
program

Ensure treatment formulation includes scale
control agents

Monitor system chemistry closely
In hard water areas soften the fill/makeup water

If softened water used, review treatment
chemistry
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Copper Protection My

CH; N
Most used - azoles: I
«Tolyltriazine (TTA) — most commonly use.. Na

*Benzotriazole (BZT) — commonly used
*Halogen Resistant Azole — unigue properties

Increasing levels - sulphate and chlorides

Chemically bonds with copper and copper alloys
to create film, stable for 5 - 7 days

Complex with Cu* preventing plating g
subsequent aggressive pitting L,
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Closed Water Monitoring

Check inhibitor levels, conductivity & pH once/month
e Compare with make-up vs. inventory

Chilled Microbiological analysis monthly
Check for Chilled SRB bacteria quarterly

Inspect coupons quarterly, analyze

(Corrosion, Deposition, MB fouling)
* 0.1 mpy copper corrosion rate - critical systems
« Upto 2 mpy steel (“hard cap”) for less critical systems
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Corrosion Monitoring

Corrosion Coupon
Assembly

Corrosion coupon monitoring
IS an in-expensive method

Closed system should be
equipped with system
metallurgy coupon sites
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Biological Monitoring

ATP &
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Operational

Regular movement of water on systems that are idle
— Maintain Passive Film

Monitoring/Minimizing system losses — Maintain
chemistry and minimize oxygen re-intrusion into system

System Layup — Special Actions taken during idle periods,
typically over one month
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Closed System Pre-Op Cleaning

Cleaning and Passivation of new piping surfaces

Proper water treatment is essential for
Removing oils/slag from manufacturing
and construction
Protecting new pipe and creating a
protective passive layer.

The precautions taken on Pre —Op cleaning
Will add years to Heat Exchanger/Chiller life
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Closed System Lay-up

Cleanliness of the heat transfer surfaces
Proper water treatment is essential for

maintaining top efficiency
minimizing corrosion.
The precautions taken on laying up

Will add years to Heat Exchanger/Chiller life

Prevent undesirable shutdowns
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Questions?

Mark llaria
GE Water & Process Technologies
603-490-6357



