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VATER SYSTEMS
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s [he purpese of cooling
systems IS to transfer heat
from one substance to
another

®The substance that gives up
Its heat Is “cooled”

® The substance that receives
the heat Is the “coolant”

= g e
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rocess In

Cold Coollngi :
Water In =4 2

Cooled Process Out

Common Measurement of Heat
A BTU is the amount of heat required to
raise the temperature of 1 |b. of water 1°F
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I '* basic types of cooling Water
S commonly used in industry...

_ 1 hrough
=7 Closed Recirculating
= 3. Open Recirculating







Onw....; s gﬂéye—tem

elmiplest /pe of system
vvater | r sses water through heat
X rrar gers only one time

= f___J sch rged Pack to original source

_-'._..-l—

=+&"No recirculation occurs - mineral content
~ of water remains unchanged

u’H
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..- WLESH CHARACTERISTICS
f P_E%able Water Systems  Avg. Temp. Change: 4.4-5.6°C
-« Process Water e Amount of Water Used: Large =

« General Service



r\ J ce through cooling water

= system) uses large volumes of

fwéter to achieve the cooling
=—= process...
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& Lzife eﬂo Umes of water used
* Lat e V1 Iumes of water discharged

\/\/r.rﬁ source typically seawater,
chf _Water or river water

ﬁlscharge water returned to the same
~ source, but in a different location to
prevent recycling

el
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e
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ONcE™ 'ougws{emeh
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Advantaesf

> Loy 17'operat|ng costs: Pumps, etc.

. \/\/rlréf _dergoes minimal temperature change
-ew itz

= .--_._ ——

| "afge volumes of water required

— ‘f‘thronmentaI concerns: Thermal pollution
“® Cost: Expensive to treat large volumes

=
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OrlceMN ough Sy‘“few
sosIde aﬂ- e

Environiale tal’
> |pie m/J charge restrictions
> P %" der Increased pressure to reduce water

sage
e
— - =

= Water must meet minimal requirements
“» Availability: Reliable supply needed
e Quality: Degrades during ‘dry times’



SEOSED RECIRCULATING
vvr\ TIER ¢ SYSTEMS
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SI65ed Recircllating ¢

L o

ystems

- e A

A f‘JJ recirculating system (closed
JOJO -.moves heat from a process by

19 a fixed volume of cooling water

——tF ”t’ls Aot open to the atmosphere. No
,, = water is evaporated.




— EXAMPLES CHARACTERISTICS

e Diesel Engine Jackets e Avg. Temp. Change: 5.6-10°C

* Automobile Radiators e Amount of Water Used: Low
e Chilled Water Systems



Ieiens\Wien Closed Loops are Useful...
| el r} acesses: High heat flux systems

I--_

HIL Restrlctlons Volume/thermal

: =;Extended Equipment Life: Easier to control
- corrosion In closed systems (e.g. chillers)



=2 Hm_ﬁm y-;Heat

Secondary
Exchanger

Makeup

= EXchanger

—— Process
e Exchanger

= “"'hlSﬂcondary Heat

e

Pum
mp

‘”, Exchanger
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ELEMo! sratures range from -1 °C in a chiller
3662 °C Ina hot water heating system.

N© r//.# ez‘/ca/ water loss from the system
\zvsw l@sses occur from leaks around expansion

o e T o o " =

-~ — fanks, ‘seals and valves

'..__.—-1-
—
'u:h-__.:'_'-

- S psses average 0.1-0.5% of system capacity per
~ day



21 OrrJJJr
= (foe Product Build-up
P @gmg Small orifices, ports, valves

icroblologlcal Growth/Fouling

=

...Scale Is generally not a
concern In closed loops
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Open r ‘Wrculating systems are open to the

£l rmo_)o}r [e at the tower. As the water flows
OVEN 1 e tower, heat picked up by the process is
retef < d “oy evaporation. The cooling water then
seturns to the heat exchangers to pick up more

—F.'_Hl'-

Z’i{:'ff:_:_a. heat.

-

Sy/SLENIS,




Recirculating

i,,
3
awa\&-

it S

D r 9 >
T Rt é‘ - Cooling Tower
— Pump
= ..--—-_.-L:-; =
e EXAMPLES CHARACTERISTICS
o . Spray Ponds * Avg. Temp. Change: 11.1-16.7°C
* Cooling Towers e Amount of Water Used: Moderate

e Evaporative Condensers
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Cold Chilled
Water Out

Process Out

- Open recirculating systems work on the basis
of two principles...
& HEAT TRANSFER
& EVAPORATION



Evaporation

hICh heat *® Process by which the
ed from hot cooling water
tance to releases its heat to
the atmosphere so
| that it can return cool
— water back to the
-‘ | heat exchangers
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Ooen ' IT‘GH_@_H@ Sysinm?t"

Cooliglef tonieis provides two conditions that
e,r ance the evaporation process...

- Jree _ter Inte tiny droplets, thus providing
flef & escape routes for water molecules to
e _H-“v el e rate

i-____.-
.

= :'i ‘Eans provide rapid flow of air through the tower

- -
i

‘which removes evaporated water molecules and
allows even more to escape.



ssifications of Open Recirculating
- Cooling Towers...

| '5 he nlcal Draft
—‘\{aporatlve Condensers

=
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e .
NEttival Draft.Coolingfiewer

e ——

-

HOIRAIISIISEST:.
_)_rr|:£ C()()| dry, outside air Hot Air & Water Vapor

'rnrc gh the water, which
Nl 1aAces evaporation

e
-
r _. .——I -

Chimney

SEVleist, warm air naturally

-._ e

— ises Upr & out of the tower Hot-Water
:__"' - == Sprays
= ___Shape causes alr to move At
more guickly through the
: Cool
lower section, where the Water
. : Water
water Is flowing Basin & Makeup

Support
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, / operated fans to move air
rough the cooling tower...

o

| Forced Draft Towers

~ Induced Draft Towers



FOICEU Draft Jiowers ——_!'*i"'

-

SFPUshiair threugh
Hot Water In tOWG r
e Use limited to smaller

Solid Sides
systems due to high
e horsepower required

Water



Jassified as; either counterflow or crossflow

Louvered
Sides

Air

Counterflow Crossflow
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\ e ‘tower that combines a closed
fed rgulf- co0ling system with an open
Eecircul atlng one

:ead of having the recirculating water
p'en 10 atmoesphere at the tower, the

— —water IS carried Inside of cooling colls



Basin
® Cold Well

® Drift Eliminators
® | ouvers

® Cells

® Fill

® Spray Nozzles



3 - i
Coaligiel "Owg@mp@nem?;"

2 MOWER E 5) ASIIN: Area under the cooling tower where CW. is
collagisg el d held LRIt IS pumped back to the exchangers.

COLD W /FL . Deeper part of tower basin where the screens &
U US F_E‘ mstalled to circulate the water.

- JRF‘ LIMINATORS: Removes entrained water droplets from
,_ﬁfa-? fﬂjeavmg the tower. The moisture laden air is forced to change
jy%ttlon and water droplets are removed.

g:'_:; : EOUVERS Sloping boards on the outside of the towers where air

_ enters. Prevent water spray from leaving the tower.

~® CELLS: Cooling towers are divided by partitions that separate it
Into distinct sections. Each cell has its own fan system.
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T J ter Into small
a film as it
-~ = ca ga_rdes through the

(D

,-.,’

¥ — e S

—
=
—

=, Two types of fill

Film Fill
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jowerFill . J—:"

Splash- F\/C'* =

—

‘l-
2 Delf reg

‘0ff wood or plastic are used to break
1 o’ dreplets

rJJUJ 45" e Eill:

i _*_'__ " =

-:?_: Plastic, wood or metal packing that divide inlet
= =water Into thin films which maximize exposed

—
-
-

~ surface area

e Film packing allows greater air flow and
generally results in improved tower efficiency

—

> I
el 9f



Sl Nozzles
Water Dlstrlbutlon System

Sprea

“_.,._ _..-

I

o _,_.L ater Inlet  Orifices Deck | I Supp‘.rts

Structural Spray

.-F_:-‘? = = Tower deck with gravity

i—_

— & distribution through holes

Water Depth Ceramic Laterals
Nozzle

“Deck Pressurized spray headers

.........
------------------
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EICIENT Of ojelfzlifelg ofi the coollng water system Is

Shibieallto the pProduction process In any

Irelt] 5_ fle ':plant

2 QOE 1l operatlon of cooling water systems are
der er:ident on two things:

g ,::G_) ‘Maintain good mechanical control

-

= ® Maintain good chemical control

_’:-1"

,_—

.
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eadlly Available; Cheap
gndled Pumpable
?y large amounts of heat

e -
—

S“ not expand/contract much at
= :normally encountered temperatures

" = Does not decompose

.E--
IHIJ
TR



WWel L_je_r n apserb more heat than virtually any
F SL bstance that would be considered for

N

i Fs

e
‘Du
|I F

= Minor increases in temperature
_-° Minimal environmental impact

® Everything Is compared to water: Specific Heat
= 1.0



Whyalsn't ater_F’EW

Codliglef; e —

-
—— - i —————

APISSOIVES ¢ v apythingl it touches: Metal;
Szlfip) Jr@ '

> Ugjje]® e dlssolvmg ability has earned water
rr e t ﬂe

= Universal Solvent



Hydro_

I-Rai'n

/ //// by Vegetatlon

-.- vaporatlon)

-

-—

e Ponds and Lak

Rivers

Moist Air
2 g& to Continent

Rain falls to earth

-~ | - Becomes ground water =
e - | - Enters ponds, lakes, rivers, oceans —

Evaporates back into air
Rain again




MINERALS

K e o

' EARTH

LLLLL L LY

(1) Dissolved Solids (2) Dissolved Gases (3) Suspended Matter

\WWater contains 3 types of
Impurities
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IVEESoUrces ofWater™—

——

SurfaceWat T A
BNIBY/ih dissolved solids

> Fliejgidg _“éhded solids
anges quickly with seasons & weather

> OIJrIJJF\
Gr 2%:‘.:".' |

.__—. —_—

': S Ig"ﬁ |n dissolved solids

—-—.:-'-—‘-

e

- * lew Iin suspended solids
== ngh In Iron & manganese
® [ ow In oxygen, may contain sulfide gas

* Relatively constant quality & temperature




Wht Ct hemical Propertles of
\/\k er Are Important?

H "—'
i T -
— T ﬂ'_
= -_ I i -
— I e e
h T L,

i
-

— —
——



-

INPEITANT =IePRE -t-1

— _._.,-:-._i""

3 -
e el -

i g
.-. F'- x
._f :

LﬁConduchny
| 2 Hardness
:—:* 3. Alkalinity

e

e —
i :
E -

e
—
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== 4. pH
—= e n
e

i
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* \easure of water’s ability
10 conduct electricity

® Pure water will not
conduct an electrical
current

* As minerals accumulate,
conductivity increases

Distilled
Water with
Salt
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Corlelule .Wi:— ~Z

RIGlerionall ter amount o
clissallVelel qf"‘ ;l;gls inl the
WAlLES ___- e

Did Vou know?

The oceans alone contain
= enough dissolved matter to
= Used 1o ) measure TDS bury all of the land on earth

=HVliernc s ﬁas (umhos) under 112 feet [34 meters] of

*_._5'; alcium, magnesium, mineral deposits
ﬂ-aﬂgalmlty, silica, sodium

= { Conductivity

e 1 Corrosion/Scale
Potential

 —— =



RETEITESS g, J;"

SWAMGINTOT Calcitm & Magnesium: present
rleigelp) es‘s eacts With ether minerals such as

I--_

gnroo a e alkalinity, phosphate, & sulfate
- fr*f:ji to come out of solution & form hard

= _*_'__ " =

— =de ﬂSItS In heat exchangers

‘f‘ =Ca/Mg inversely soluble with temperature

- ® Potential for hardness deposition affected by
alkalinity levels



A @.JJLJ.L o

-_ S

——

-,"

Jeaiisonate & Bicarbonate lons

v h ardness to form scale (e.q.
| Carbonate)

] '1':. maintaln within specified range

“',:A\Ikallnlty Scale/deposition

\

i

—
—— _-—
—__

2 @Alkalmlty Corrosion
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== Measure of hydrogen ions present in water...
H+ ions 1t --pH ¢
H+ ions ¢ --pH €



Orl

SOIN20 = ‘Neutral” not ‘pure’ water

- Bﬁllrmm etween hydregen & hydroxyl
orp ;- he Wwater

l\z aif alnlng good pH control critical to
wocslmg system operation

e Short PH excursions can be detrimental
®* | ew pH: Corrosion

* High pH: Scale
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RIocess by which hot water returns
IFJF the unit heat exchangers,
relee es it’s heat to the atmosphere,
| %{f@oled and returns back to the
..u,_, - process
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EVzigelgelife e

i = :-.:'»—" : — s c—— S —

enr 107 | 5°C] drop In temperature results in an

-».

1

£l J 0. 5% off recirculated cooling water
L ER — (RR)*(dT/10)*(.85)

WEis |

== ER: vaporatlon Rate [gpm]
g‘jﬂ% Recirculation Rate [gpm]
ST dT Temp drop across tower [DegF]

H\
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Cr tratlon Of Dlssolve e

.
selids ——

i —
L T

- Only e r'v'vater can’ evaperate
Jdissplvedi solids leave the liguid

_‘1

Constant
Evaporation

. -—-'

LL | ére are no other water losses
- f)m the system, the evaporation
5‘— process causes an increase iNn the oSt 1
~ concentration of dissolved solids in
the recirculating cooling water.

\j\jr[ ar
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—
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soHEENtration of D‘issolve |

OJJ (l q e —— -

. — —————— —

—— [—==-
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AVineralscale will formyiif the dissolved
solldls cos jcentration in the cooling water
oewm s oo high

Su@ fS%\tu ration

-l-l-._—



R

mp2ct of Blowdown on s
OHeceEntration Ratio.

Blowdown:

® Deliberate
discharge of water
to prevent the
dissolved solids

- With- from getting to
Continuous .
Blowdown hlgh
Maintaining
4 Cycles




VigreEup Water, - —

SWATIBUAT O Walter
Eylired to replace
\j\/g[;fr Y/

Evaporation

Makeup

Evaporation +
Blowdown Blowdown
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pOIAING Timeylindex

Aot o time.
rerlnrerl or the
Goneentration of any
O to! reach| one-half

o N o © O
LT e

e T » T2 =60 hours

Concentration (ppm)
(@)}

-_;gi" érlglnal 4-
‘:’ soncentration =
*"Important for proper S e
~ selection & dosing of 0 24 48 72 96 120

treatment chemicals Time (hours)
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~ [left unchecked these
problems cause

® [ oss of heat transfer
® Reduced equipment life

A\
| 06(/ ® Equipment failures
== % e Lost production
e ® | ost profits
== * Increased maintenance
CORROSION costs

e Plant shutdown






VIIIETE "Scaie!:»

> Codligle w Ater contains many different
mmérrul‘ normally these minerals are
cl]ss Ji\ d Al the water

Jﬂé certam conditions minerals can
= ﬂme out of solution and form into hard,

— ﬂense crystals called SCALE

precIp AUl



Scaled Heat Exchanger Tubes

Calcium Carbonate
Magnesium Silicate
Calcium Phosphate
Calcium Sulfate
Iron Oxide

Iron Phosphate
Others...




VIRETE!

rt" ollowing| Factors Affect

~ Scale Formation..

Vi v\r‘ Concentratlon

= \Water Temperature

iN#-étér pH
— ﬂ‘éuspeno ed Solids

JU\Water Elow Velocity
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Tang) 0@ e@ale

Scaling Tendency
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l\/lmer-gs ~ *s—;

e il

Seelld r, s in hot areas of coollng
SYSLENIS]
- e ol ek heat transfer efficiency

—

= i]\z EC anlcaI/ChemlcaI cleaning
— ':djnder deposit corrosion (pitting)

~ = Plant shutdown
® Equipment replacement



_ - i
RIEventing Mineral Scales”

Tt concentration of scale forming
mmem *Blowdoewn, clarify/filter MU

Feelelt Cld 1o reduce pH & alkalinity:
Fav uces scaling -- increases corrosion

__-

?_-‘Mechanlcal design changes: Increase

= Water velocity, backflush, air rumble
* Apply chemical scale inhibitors

ﬂ



hreel Classifications Of Scale
Inhibiting Chemicals Are...

= ® Crystal Modifiers
= e Sequestrants
e e Dispersants



%e iy
)\ VP

@
S W1

Organophosphonates & organic dispersants
distort the crystal structure of scale so that it
does not become tightly adherent
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giEesentative PRoSphoRaiEes s

=

OH
Ho _5,4,

i

Ho DOH

HEAMBP

?H
HO-EP.
Ira

¢
P
“

’ﬁCDDH

HO
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; ; PO yphﬁsphates & anionic dispersants form a
i’:.r'f-*‘t—'omplex with troublesome minerals to prevent

a -
Uhtreatéﬂ 2 N

— them from forming scale



Corngati) rL» suchi as polyacrylates are large
HJJBU es that impart a charge causing
S ele rmlng minerals to repel each other






gorresion is the mechanism by which
r e als are reverted back to
_elr natural “oxidized” state

— -
e
—- m——
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Battery ,&naloqy

® Anode

e Cathode

® Electrical Circuit

* Metal lost at anode

Cathode
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Sfifglified Corrosion

...4"
Water w -a?—'
DISSQ /e
Minerz ::'_

Tf—-—ﬂ'-*- > Metal
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SRS AT e anode, pure iron begins to break down in
COfIIEIGE vw the cooling water. This step leaves behind
elacrror 5.1
- Ste 2 .Jlectrons travel through the metal to the

“cath de

= '_- V\ﬂ‘-—-"

S ¢ At the cathode, a chemical reaction occurs

'f)etween the electrons and oxygen carried by the cooling

~~ \ater. This reaction forms hydroxide.

> . Dissolved minerals in the cooling water complete
the electrochemical circuit back to the anode.



y Femoerc ,_;---re
= 'ssd \vﬂ Solids

f_:_%;; Deposﬂs
" e \Wat ter Velouty

-—:'__
i

- \icrobiological Growth






':-_"_._;__ = In general, for every 18°F in
— water temperature, chemical
reaction rates double.

Corrosion Rate




O'Lr.he ; segﬂéerf-@

e _)]DDOJ\f‘fm d |dS
= C Omglw CII‘CUIt firomi cathode to anode

] Derﬁ “Deposns
e A @“_Je pitting sites develop under deposits

.—:___
--l'_._—

= ater Velocity

..—"'".-:_._—-—

-~~~ = Too low = deposits
- = Too high = Erosion

I Microbiological Growth

e Deposits; Produce corrosive by-products
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F/wﬁc Corosi

= e

All coolinie) s )5 e eLallrgy experiernces some degree. of
corrosior, Iils ob/ect/ Ve /5 1o, control the: corrosion Well.
Er19LIC/f] U‘_.ﬁ aximize the. life: expectancy of the. systemn...

- .__--'ai el
e
. J.'I., -

= *-JGeneraI Corrosion

———

S
- _'-l:r""
" e

— 2 Localized Pitting Corrosion

— —

—

-~ 3. Galvanic Corrosion
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e Preferred situation
e Take a small
amount of metal

evenly throughout
the system

* Anode very large

al _ Unlform Attack




M 170

=
] i
.

“® \etal removed at

Ssame rate but from a
much smaller area

® Anode very small

e Often occurs under
deposits or weak
points

® | eads to rapid metal
failure



SEIVANIC Collios

CLIfS Y /nemﬂ: nﬁ .

fenentimetals are in-
BIEISaie sys tem

> Moge re, lve metal
vvJM e@ﬁe in
——— gﬁa~ nece of less
= :ﬂF‘eacﬂve metal

f-_"' ‘Potential for galvanic
- corrosion increases
with increasing

distance on chart

e

T —
*

jon!

N _"
ACTI\

. 4

,l_:'.E?_'_ m.\___' —

= =

Magnesium

Bl “u Cl vVl
g

Brass
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Corresion
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DESIOY/SIcooling) system meta
C orroJJOn r@duct depesits in heat exchangers
r]':‘E-F iansfer efficiency is reduced by deposits

]
= e '

el equment develop
Sadak S|de and water side contamination occurs
=\ ater usage Increases

_""'" .-z_._—-—

~ = Maintenance and cleaning frequency increases
s Eqmpment must be repaired and/or repaired
® Unscheduled shutdown of plant
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AUSE corrc )SION resistant alloys $
> AclUe crease) system pH: Scale
\o olge rotectlve coatings: Integrity

= Si0se “sacrificial anodes”: Zn/Mg

'Apply chemical corrosion
~ inhibitors

.



Aflgel|e T‘i"@ﬁ&_ﬂhibl

INCuIosion cell by Anodic Inhibitors
e rrr ~anod|c e Chromates

: e Nitrites

® Orthophosphates
® Silicates

- pitt .--“attack can
= pecur at an
" unprotected anodic  ® Molybdates
sites if insufficient
iInhibitor Is present
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greorrosion cell by Cathodic Inhibitors
block]ng-ﬁ_ ® Bicarbonates
“lectrocnenieel * Polyphosphates

[eaction at the .
= Cathode olysilicates

__-___--_-"'_‘__. e . 2
=4 -Cforrosmn rate Is Zinc

e
—

— ‘reduced in direct

~ _proportion to the
reduction In the size
of the cathodic area.
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EETIEYCl '@B'r H--I H-hl

ReEcHmetal oy Gneral [nhibitors
fllngliple glfl* urfaces e Soluble Oils
WIETHE t ey are

rlf][)(l > 0r cathodic

—

® Tolyltriazoles
® Benzotriazoles
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FOULNY



=ouling

EOULING is the accumulation of solid
mcrtarjei‘ than scale, in a way that
ngr,gge the operatlon of equment o]

-

|
|
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Oimon. Foulants: ﬁ

fispended Solids—

- — — — JE—

——
—

asliiseand, ‘Mudland Iren
> Dift & St
- Hrom Contamlnants e.g. Olls
== ﬁ- | @Slon Products

E --_"'-

.,-—'l-_

= 'Mjcroblo growth

~® Carryover (clarifier/lime softener)



Velermemperature
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“Process Leaks
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OISOl n depesits in hot and/or low flow
IECS or @Ilng systems

Sif eH—:)J:F e heat exchangers are the most
sull Ier ble to fouling

—r

-'_ :.-fwt : osﬂ;s ideal for localized pitting corrosion
g

- s Corrosive bacteria thrive under deposits
- * Metal failure results
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,,9 olant efficiency’
-m productivity

210 c_l g;E: 'schedule delays

=lnc 'e'd downtime for maintenance

= -l-l'_._ ——_—

— - C r@*s;t of equipment repair or replacement
___.-ni!-

____._..-._-

& Reduced effectiveness of
- chemical inhibitors
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IliEeNtevels Of Control Can Be' Employed
1o r\r ress The Effects Of Fouling...

e A'J -
_'-- -
. —

- ._—1.-

= ;- 1 Prevention

*:fﬁf 2. Reduction
e 3. Ongoing Control
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Prevention 3
~ Gooel o] rrr f makeup clarification
> Gooel (omrr‘e of corrosion, scale, & microbio

Reductl—:'
J m .blowd own

stream filter

.-_-__'J..—

.,2":-_-
""'_-_-

— —

-l e

= e Béckflushing, Air rumbling, Vacuum tower basin
® Chemical treatment
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Suspended Solid
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~ The micrebial fouling
Process IS...

The most complex
The least understood

The hardest to measure
and monitor

Controlled using the least
desirable, most
expensive, & potentially
hazardous products



Tiroublesome I\/Ilcroorganlsms
In Coollng \Water..

1. Bacteria

= 2. Algae
e 3. Fungi
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e fomorlreg [0) el _
Lzl 2 bacteria is
J]}/a a am of sand to

= afs Tower
—' S Size allbws many
— -(fmlllons) to fit into a o mp

- small volume of
water. .. Sears

Tower
(Chicago)
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e _l:~ e 192000 times

il

: -é—- ::ﬁa“’s-many bacteria in a
— ‘QZ'OOOO | cooling system

-~ as there are people in the

world!

120z.
Cooling Water

Cooling System

40,000 X
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'.' * Slime Formers
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acidic waste that lowers pH and
rosmn

o Dy gm_y_ 2 arge volumes of iron deposits that foul

- HmJ- -e'amds from ammonia that increase
: -'----::c-e @smn & lower pH

2 __..-

==
..'-F_

=2 F_orm sticky slime masses that foul & cause
~ reduced heat transfer
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Pleul<ORIIGES
o Epelesi er ﬁg bacterla In bulk water

-l-l-_._—

—- —- =B 'at?ter'la attached to surfaces

___

— ‘-@ver 95% of bacteria in a cooling system are
- sessile and live in BIOFILMS



Blofllugses

> Corjiflgufichione
wertel ge)elfel

.
-
e

S|
> Upielieleefels f corrosion

_-d

rrgv.o S r—'_e ‘debris which
QU1 ,FK“ ’vexchangers and
== i* ET_-f.IH

—I-—

:’-TD- ovide nucleation sites
for scale formation

N

Biofilm Formation



Blofllugses

ViBYENRSUlating than most:

corflfslen JQZE e

clt]e e'r " -'ransfer
file] ney. -

- Jnc,ggf -dP Acress heat
' aﬂgers & reduce flow

Ith risks (legionella)
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Biofilm
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® <‘9(]L“f‘:ﬁ'? nlight to grow
- roumrl 1 tower decks & exposed areas
= iglgae mats”
P tdj?stribution holes on tower decks
}P.'—Iu’g screens/foul equipment
-® Consume oxidants
® Provide food for other organisms



- = Use carbon in wood

——————

fibers for food

e Destroy tower lumber
by either surface or
Internal rotting (deep
rot)

® | oss of structural
Integrity of tower
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SNVICroprganismi Sources: Air or Makeup Wwater

- Fool]ru' provide the ideal environment
IBIRMICK Tolologlcal growth

= ]\l: 1ents Ammonia, oll, orgamc contaminants
= _"eTﬁperature 70-140°F acceptable

= pH:6.0-9.0 idea

- — Location: Light/No Light

- — Atmosphere: Aerobic/Anaerobic



sontrolling Microbiologic

GO _ |

-_ S
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\Weriar Ol} rJ. y

- fhmm e @rganic contaminants (food)
= No food = No “bugs”

= _g_jap i De3|gn Considerations

i r——

Jﬁff:— _Clean basin, plastic, cover decks

.—-._....—-—

‘Chemlcal Treatment with Biocides
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PROGRAMS
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5 10 f* IlPhosphate
rsants
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%'""EJ]' Organlc
-® Oxidizing Biocides
* Non-Oxidizing Biocides
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JESned for system with corrosive (low
mrlrrlne\ ‘&/or alkalinity) waters

l\/loJ/eé -pased corresion inhibitor
e rl Psphonate for scale inhibition

1_

-_g;lf_b.l_spersant polymer for fouling protection

——
-
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VEN SUT e 'to aluminum mdustry

- \/\/om; ) eII N high heat flux systems
WiEre ’heat transfer surfaces experience
Jm, skln temperatures

_'—_.--

= _ﬁ“‘Prowdes protection over a wide range of

e

e

-~ operating parameters
=Calcium: 0-500 ppm
= VI-Alkalinity up to 2,000 ppm



Viely/Pnosphoenate: Pf-@glﬁlg:"

> Mol /orla fel “Yorkhorse” of program
Stlldic ce 1VE anodlc corresion inhibitor
~ Do LSS t depend on controlled deposition

1210 etes rapid oxidation of metal surfaces to
g:*:-‘ fe onm a tightly adherent layer of metal oxides

~_ ® Protective layer impermeable to other anions,
especially chlorides and sulfates

:T--
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" General Control Guidelines

- \/Jel /'orléf"
:)C f- ‘nate

'l- h
I_

o Temperature:

e Conductivity:

6-16 ppmi (as MeO4)
1-2 ppm (as PO4)
0-500 ppm

50 -2,000 ppm

120 Hours max.
135-180°F [57-82°C]
2,000 micromhos max.

- .

VIBIy/Phosphonate: Pro




Moly N0SP onate

Fogram Benefits

IPIEVEQT eat Transfer
— r<~rlur ' energy COStS
REOLEC ed Orrosion

E‘ énded equipment Life & reliability

-l-l'_._ e

= @*lmpact on guenchability
~ _Production not negatively impacted

__,ﬁ;;







Alkallg - ‘Ziﬁ@ﬂggram-ﬁ":"

-~ Usas J V‘# levels of zinc together With ortho
Ofle 05| Ie for corrosion control

oly f] rlc dispersant used for general
ersancy & scale control

ttractlve cost performance under high
"_- ‘stress conditions

e Basic program can be customized to fit
system needs
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Niciprovides cathodic corrosion protection
> Ofiple o sphate provides anodic
(orro\ n protection

= ;f_¢_E'T"‘ éy to the success of the alkaline zinc
f rdgram IS the polymer dispersant

-
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Al icl_JJL} ‘Zme;ﬂggram#

- Po vmer Dlspersant

l\/lrlngum\ Zinc & phesphate in soluble form at
flicjeis {’s than they would under normal
GICun sl'ances

-_._,—-'-'

::- _'G Perating at higher pH’s allow program to
= jajﬂwde excellent corrosion protection at very

.-—"

low:levels of zinc (< 1.0 ppm)
e’ Also provides scale control
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RIKEIITE/ ZINC: Rrogriam

- — — — JE—

—

General Application Ranges
- ej l ton Calcium & M-Alkalinity
= 2 ppm M-Alkalinity 1,500 ppm
'GOO ppm M-Alkalinity 300 ppm

l :l\:"

U



N — 5 ——)

—

—

Al icl_JJL} ‘Zme;ﬂggram#

- General Control Guidelines
> Zife (Jo ;ble) 0.5-2.0 ppm
20)tho! *@ Extremely variable
- _JEJJE’ Hble PO4: 1.5 ppm or 40% of total PO4

r‘aﬁnum 15-1,000 ppm
= ‘,M Alkalmlty 50 -1,500 ppm
~® HTI: 120 Hours max.

® Temperature: 160°F [71°C] max.
¢ Conductivity: 6,000 micromhos max.
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Stel OJJJ; ed Ph_&ate-&m@??"
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SUEES high levels of orthophosphate to
orovjrle—-e orrosmn pretection

- olyf rlc dispersant provides calcium
31ohate stabilization

,=:§up_plemental Tolyltriazole (TT) used for

—

~ yellow metal protection
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Sic OJLJ; 2a Ph _@bﬁte-ﬂw

> OOArrrr" ‘at near-neutral pH

> rliejel e els Off ortho phosphate (10 -17
ooms rowde anodic corrosion Inhibition

= *Po -—phosphate & calcium complex provide
*—':ea’hodlc corroesion protection

—'L__--'—

= Dispersant polymer for CaPO4 stabilization

1
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Polym' is-p‘qggft-

- = ——— o i——

SJISEY 1O pr gram S polymerlc dispersant

JIOJF , rganlc scales such as calcium
OF te & calcium phosphate

i partlcles suspended in water --
J:eontrol foulants such as:
— = =Manganese & iron oxides

- =Suspended solids like mud & silt

> |p
ce
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2Blymer Dispersant

- = ——— o i——

AVEEHanism: Charge Reinforcement

201\ /me fadsorbs onto particles & increases
“charge naturally present

=== E ' alte d particles repel each other

- - —

-:ﬁeduces chances of collision &
= agglomeratlon

® Prevents formation of deposits

't'r -
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__*‘“ «cellent choice when..
ch, 10 ns on use of heavy metals

.,.-—

ater temperature < 150°F

| Tnake -up calcium &/or M-alkalinity
lgh Incoming O-PO4 levels
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Sjtel OJJJ; 2d Ph_ég_rate-P
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- General Control Guidelines

> Toizl Q—r@ 8 -17 ppm (Ca dependent)
2 2.0 ppm insoluble max.
15 -1,000 ppm
_. 6.8-8.4 (Ca dependent)
—'—?f...‘rH'-_T'I_:_ | 96 Hours max.
“e Temperature: 150°F [66°C] max.

® Conductivity: 7,500 micromhos max.
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rlg__jo erly controlled pPregrams

eller protectlon against corresion and
elfL

: Uorlv controlled program causes
= -:'tS’évere Corrosion
. Scalmg

® Fouling







AiOrganic-Program

OIEheavy metal/phosphate program

> All Orf' ic programs use high pH &
rll'@ﬁ Ly conditions to provide corrosion

101C; :éctlon In a scale forming cooling
__-:’ ;., ystem environment

_" “Organic scale inhibitors prevent mineral
deposits



AiOrganic-Program

lierganic components make this a very
envju_nﬁ acceptable pregram

= Cont iains no heavy metals that can be
0] e prtated (e.g. zinc sulfide)

"" JContams No Inorganic phosphates to
"?-_- ‘precipitate with iron in low-pH localized
leak areas
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- Ooerswe‘ under ‘allkaline conditions at pH S
oervveer 3,5-0.4

. _)QDJC ﬁ Jof I/ for systems where makeup calcium &
V= I|n|ty cycle naturally to within program
*_::- =~ gL fdelmes
== '_S”upplemental acid/caustic feed may be required
- te maintain proper M-Alk.

e Maintaining the proper calcium-alkalinity
relationship Is critical
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c*f"‘ Control Guidelines

'h_-

- Calle]t 1m 80-900 ppm

V] F\JK,-» 1ty 300-500 ppm
: Temperature dependent
et 8.5-9.4
e HTI: 48 Hours max.

e Temperature: 110-140°F [43-60°C]
e Conductivity: 4,500 micromhos max.
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RlepEry controlled programs

xcellg_p |5 otection against corrosion and
| *ca}. ng 2

= -P_@F sontrolled program causes

= f.’tS’evere Corrosion

',._ Scalmg

® Fouling

.
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EENETate 3 microorganism’s cell wall and
Ollmut? “the internals of the organism

- f”ee i' /e against all types of bacteria
e l\ —mlcroorganlsm resistant to oxidizers

1_

:‘-L_‘.H‘;"}_K_J_I_I everything given sufficient
- concentration levels & contact time
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-___r ST, Oxidizers
® Gas Chlorine

X|d|zers e Bleach
_or ary piocide In e Acti-Brom

_..'.'—

"_:-Sé';’i arge cooling water e« BCDMH

- _.-"

— Hﬁp]|cat|0n5 e Stabilized Bromine
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SHICIINE Disadvantag

- i

- - —

-'F-

SIBWEIRKIlIFAt high 1 pH

SONSUME m ammonla sulfides, Iron, manganese, & hydrocarbons
Voleti)e angljf stripped, thus high usage rates

w2 HIIgH resit dl 1s (or slug feeding) cause wood delignification

> rlie)ii eed [ﬁtes and residuals can cause higher corrosion rates

3 Hoje __,control (or slug treatment) leads to degradation of water
;rea'th]ent compounds -- e.g. organophosphates and triazoles

_::_ °f,€t]lor|nated organics, e.g., THM’s, are toxic, regulated, and
~ persistent in the environment

'fj W I
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SIOIINETAdvantage

SIgREIbioeidal activity at significantly lower dosages than chlorine
HIETEASEM Kl ~rate better recoverability from upsets
Mare aauvew a ligher, wider pH range

—-— =

Ne rle --|n biecidal activity in the presence of ammonia since
ororr es are as active as HOBr

. _'J__[\ alogen residuals in the effluent

—

— _r_,romlnated organics are less persistent than chlorinated organics in
s —

— - receiving water

e ——

“= [ower residuals: less wood delignification, less tolytriazole and

—_

- " organic phosphate degradation, and less corrosion
® [ ess mechanical stripping (at pH <8.0)

—
-'F-

—




SIOIIE 1 Hﬂtagesﬂ’:"

SRSTOIINE 1S More aggressive to HEDP
(orJQJomc ate)

I--_

A J il ne source is needed to generate ACTI-
\ "En site.

oducts have fixed bromine to chlorine

s Low residual can be difficult to control.

e | ower residual or intermittent feed can result in
ack of algae control
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- Qrg mr*' compounds that react with
e r I'components
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NOIFOXIdIZINgBiocidesss
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SEETIETally not used as the primary biocide
If] Jrury_f*;' stems due to cost
2 F/OJ(,-: y Slug| fed at high dosages

= & Often used for clean-up or contingency.
= fﬂreasons
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jiierent microorganisms exhibit different
IEVEISH Heastance 10 various non-
o,qrhf' g piocides

— FS[E fIC 1o type of microorganism
=3 J\'A/c’frk within specific (limited) pH ranges

. —

; = Carefully regulated by EPA
e Safety/Handling issues

’l‘-:
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NBIEOX iz‘iﬁg@@eidegd’"
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NBIEOXIdizing,Biocides s

“Common Non-Oxidizers
J,u ne
1) '_Lr._t'-"'—';: dehyde
=o.- g
=0 {uaternary Amines
s Glut/Quat Combo
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> No ggele tical method! of dlrectly testing
Jeveb .rnon exidizing biocides in CW

> Ol I dosage & application frequency
ﬂf uid e determined through indirect

measurement

—e Mlcroblo counts, sessile monitoring, ATP,
toxicity testing, biofouling monitors




After Blodlspersant

: Do not kill -- Penetrate deposits and

increase the effectiveness of oxidizing
& non-oxidizing biocides.
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