WWW.ctl.org

CTl Journal
Summer Vol. 40, No. 2

COOLING
TECHNOLOGY
INSTITUTE




__HUDSON

ON THE LEADING EDGE OF AXIAL FAN DESIGN

Jite IV

with CIl-IfEdgC ®

“lu

THE NEXT GENERATION OF AXIAL FAN

Hudson has engineered the next generation of axial flow fan. The
innovative Tuf-Lite IV is engineered using computational fluid
dynamics (CFD) technology to provide the most aerodynamic
efficiency in the industry. Finite element analysis (FEA) and
Hudson's stringent internal testing standards are used to
design the most durable Tuf-Lite® blade for the most extreme
environments. Tuf-Lite IV is a game changer in the cooling
tower and air-cooled condenser markets. Due to the optimized
design, the Tuf-Lite IV was developed to attain a wider speed
range application and achieve required results more efficiently
than other fans in the market. Don't settle for anything less
than a Tuf-Lite®. Hudson is committed to providing the most
reliable* and efficient fan to our customers.

LAUNCHING IN MAY 2019
NOW ACCEPTING ORDERS

* - Thirty-six (36) month standard warranty applies, refer to standard T&C's.

THE WORLD LEADER IN AXIAL FLOW FANS leuu’ngpgm?um

CCHART O

9660 Grunwald Road, Beasley, TX 77417-8600 &= (281)396-8100 =: TufLiteOrders@hudsonproducts.com  Hudson and Hudson Service ar



The CTI Journal
(ISSN: 0273-3250) O I | ‘ n S
PUBLISHED SEMI-ANNUALLY

Copyright 2019 by The Cooling Tech-
nology Institute, PO Box #681807
Houston, Texas 77268. Periodicals

postage paid at Houston, Texas. F e q 'I' U re A r'I'I C I e s

MISSION STATEMENT
It is CTI’s objective to: 1) Maintain

and expand a broad base member- Adiabatic Fluid Coolers And Condensers: Impact of Pad
ship of Individuals and organizations System Design on Saturation Efficiency and Unit Operation

interested in Evaporative Heat Transfer
e A e ML A1 Trevor Hegg, Gordon Struder, Jennifer Hamilton, Chad Nagle and Pat Strine
dress emerging and evolving issues

o 20 Underwater Robotic Technology for Online Tower

qus formats to enhance the_capabili- BaSi n Clean | ng

ties and competence of the industry to
realize the maximum benefit of EHTS, Steven Rydarowski, Joe Leist and Randi Morgan
4) Encourge and support cooperative

(DO S EHTS Tachnol- 28 Tailoring Scale Prediction Models to a Specific

ogy and efficiency for the long-term

benefit of the environment, 5) Assure Appl ication: Cooling Water

acceptable minimum quality levels and

performance of EHTS and their compo- Robert J Ferguson

nents by establishing standard speci-

fications, guidelines, and certification e . . .
programs, 6) Establish standard test- 46  Utilizing New Technology to Provide Comprehensive
ing and performance analysis systems

and prcedures for EHTS, 7) Communi- Asset Management for COOIing Tower Maintenance

cate with and influence governmental Glenn Schaefer and Eric Koehler
entities regarding the environmentally

responsible technologies, benefits, 50

antllis8lesaEsaciatziwith EHTS, and Reclaim Water for Cooling Tower Makeup; Not as
8)E d rt f d = .

methods for exchanging technical Simple as Perceived

information on EHTS. Ray Post, P.E., and Brad Buecker

LETTERS/MANUSCRIPTS . -
WENETVE the cTHAY andWTETE TN 58 High Efficiency Heat Exchanger For Ice Energy

for publication should be sent to: The
Cooling Technology Institute, PO Box Storage and Beyond

# 681807 Houston, TX 77268. Gradly lliff, Levon Atoyan and Mitchell Ishmael

SUBSCRISIIONS 62 The Rest Of The Story: You Have Treated Your

The CTI Journal is published in
January and June. Complimentary Cooling Tower - What Can Go Wrong?

subscriptions mailed to individuals in .

the USA. Library subscriptions $45/ Adam Green, Esq. and Robert J. Cunningham, Pe
yr. Subscriptions mailed to individuals

outside the USA are $45/yr.

CHANGE OF ADDRESS SpeCin Sections

Request must be received at sub-
scription office eight weeks before

effective date. Send both old and new 66 CTI Licensed Testing AgenCieS

addresses for the change. You may fa .
your change to 281,537 1721 or omails 67  CTI Sound Testing and Thermal Performance

vmanser@cti.org. 68-69 CTI ToolKit

PUBLICATION DISCLAIMER 72-75 CTI Certified Towers
CTI has compiled this publication with

care, but CTI has not Investigated,

and CTI expressly disclaims any duty
to investigate, any product, service e p q r m e n s

process, procedure, design, or the

like that may be described herein.

The appearance of any technical data,
editorial material, or advertisement in
this publication does not constitute en-
dorsement, warranty, or guarantee by
CTI of any product, service process,
procedure, design, or the like. CTI
does not warranty that the information
in this publication is free of errors, and
CTI does not necessarily agree with
any statement or opinion in this pub-
lication. The entire risk of the use of
any information in this publication is
assumed by the user. Copyright 2019
by the CTI Journal. All rights reserved.

Multi Agency Press Release
Meeting Calendar

View From the Tower
Editor’s Corner

ORADNNDN

P——

.
usnniii

e
...see page 52

...see page 46

...see page 42




CTI Journal For Immediate Release

The Official Publication of The Cooling Technology Institute Conta Ct g Cha i rman CTI

5 ’
Vol 40 No.2 Summer 2019 Multi-Agency Testing Committee
Journal Committee Houston, Texas
Paul Lindahl, Editor-in-Chief - _
Virginia Manser, Managing Director/Advertising Manager . 2 septe.m ber-2019
Kelli Velasquez, Administrative Assistant Cooling Technology Institute, PO Box 681807, Hous-
Andrew Manser, Administrative Assistant ton, Texas 77268 — The Cooling Technology Institute an-
Angie Montes, Administrative Assistant nounces its annual invitation for interested thermal testing

Graphics by Sarita Graphics agencies to apply for potential Licensing as CTI Thermal

Board of Directors Testing Age{lcies. CTI provides an indePendent third party
Helen Cerra, President thermal testing program to service the industry. Interested
Frank Foster, Vice President agencies are required to declare their interest by March 1,
Frank Morrison, Secretary 2019, at the CTI address listed.

Steven Chaloupka, Treasurer
Peter G. Elliott, Director
Thomas Kline, Director
Chtis Lazenby, Director F t M t. D t

Kent Martens, Director U U re e e I n g q es

Jeffery Parham, Director

Janet Stout, Director CO itt ee An nu al

Address all communications to: Workshop Conference

Virginia A. Manser, CTI Administrator

Cooling Technology Institute July 12-15, 2020 February 9-13, 2020

PO Box #681807 Steamboat Grand ‘The Westin Galleria

Houston, Texas 77268 Steamboat Springs, CO Houston, TX

281.583.4087

281.537.1721 (Fax) July 11-14, 2021 February 7-11, 2021
The Inn at Loretto Sheraton

Internet Address: http:/www.cti.org Santa Fe, NM New Orleans, LA

E-mail: vmanser@cti.org February 7-11, 2022
el

The Westin Galleria
Houston, TX

METRIX

Now Available - New Cooling Tower Switch

Field Configurable STS484E-SW
Market Leader in Machinery Monitoring

Features:

Water Resistant

Corrosion Resistant {31655)
ZERO Leakage

Configurable Alarm Thresholds

4-20 mA Signal
Raw Signal
2 Isolated Solid State Relays
Hazardous Area Approvals STSAB4E-SW
Vibration Transmitter
and Switch

+1 800.638.7494
www.metrixvibration.com Based on Highly Reliable ST5484F Design




Quality & Worlmanship Backed By \
Amarillo Gear 1 Year Warranty. '

RENEWING

YOUR AMARILLO®GEAR
AS EASY AS 1-2-3.

When you contact Amarillo Gear After receiving your drive, an Finally, after your approval, your
Service™ about RENEWING your Armarillo* Gear Technician will drive will be "ENEWED, inside and
drive, we will send you a Not To inspect for wear and damage. Many out, tested, painted and returned
Exceed quote to give you anidea of times there are parts that can be to you with an As New
the Pﬂtﬂmal total cost of RENEWAL. cleaned and reused Pmdiﬂg you, one year warranty.

the customer, with considerable

cost savings. You will then receive

an As Found Condition Report,

photographs and an updated quote.

(806) 622-1273 + info@amarillogear.com + AmarilloGearService.com

"—:-':_‘ Amarillo Amarillo Gear Service™ is focused on keeping
‘%‘ Gear Service” existing gear boxes,...existing. A.geardrive that
d_,‘;{" you may have thought was ready:to'be replaced,

may now have the opportunity fora new.life
with quality, Amarillo parts and service: Ask us
about our ACC and Industrial gear box renewal
programs.

neme - = CONtact us and let's see if we can take the stress
out of your old gear drive.

B e T S e il — =1} i

pi— e el e B ,h- N e e
- .!.-.#.5Ff.igfé::‘quiqeﬁﬂ_ti#-fd{?qur:f..m_.thﬁ.ﬁf{if_.{f;r#s.t.w.rih.ittyr New Orleans location |- K fi

mm
. 'y . i
m‘-'ﬁm[ﬂ"r e A ghvision ob Amaeilis Gear Comaany, (LD BB A Marmin Waber /Berbahiee FLathawiy Company



Part of CTT’s mission includes “advocacy and dia-
log on the benefits of cooling technologies with
government agencies and other organizations with
shared interests”. In this issue, the Editot’s Corner
highlights some of the advocacy that CTT has been
performing. On behalf of the CTI members, 1
thank those advocates who spend hours on phone
conferences, attendance at outside organizations
or government meetings, and developing response
documents in support of our CTT interests.

We are all familiar with continuous improvement.
CTT recognizes this and is working to make im-
provements through all segments of the organi-
zation. We are actively upgrading our website and
working on a members’ area. We are developing
a regulatory update publication focusing on activ-
ity that impacts cooling technologies. To keep up
with a fast-paced wotld, both the Long-Range Planning Commit-
tee (LRPC) and Strategic Issues Task Force (SITF) will be meeting
every other year before the October Board of Directors meeting.
This will increase the speed and processing of new ideas and action
items. Previously, these two groups met in brain storming sessions
about every five years in addition to the quarterly conference calls
which will continue. We look to expand our outreach with other
organizations through presentations and reciprocal attendance. The
Product and Materials Certification Committee is proceeding with
selection of the FRP Certification Process as we finalize the testing
protocols.

I thank all those who participate in the above-
mentioned activities and those who contribute to
CTTs continued success, which could not be pos-
sible without the past contributions of others. I
note the passing of Paul Puckorius, a pioneer in
our industry, one of the first water treating mem-
bers of CTI, Past President, and Honorary Life
Member. We will miss Paul’s participation dur-
ing our program sessions as we recognize all his
contributions to the organization. I extend sin-
cere condolences to his family and friends. We
recognized Ed Schinner with a Lifetime Honorary
Member award at our meeting in New Otleans.
In his remarks, he noted significant events of the
CTI from broadening our organizational scope
to establishing the thermal certification program
which leveled the playing field for the industry. It
was informative to hear Ed’s perspective of the CTTs history, in-
cluding that of all his professional organizations, he enjoyed CTI
the most — “the meetings were always fun, good people, social gath-
erings, mutual respect and friendships”.

Let’s keep that atmosphere going and establish more significant
events!

I hope to see you in Memphis and again February 9-13, 2020 at the
Westin Galleria in Houston!

Respectfully,

Helen Cerra
CTI President 2018-2019
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Editor's Corner

Dear Journal Reader,

CTI meets in Memphis this July. We look forward to
seeing you there.

Following the recent Editor’s Corner format, some of
the highlights of recent activity are as follows:

So far, California has, after input from CTT and other
organizations, stayed true to the term sheet with DOE
in which heat rejection equipment is excluded from
their fan regulations per the CT1T definitions (Title 20).
Title 24 covers building energy efficiency, and we ex-
pect them to re-open pursuit of increased minimum
efficiency for cooling towers, with which CTT is engaged.

ASME proposed a change to remove the exemption for small diam-
eter tubing and equipment to the Boiler and Pressure Vessel Code.
For many years, this exemption has led to the design of small di-
ameter tubing and equipment to other standards without adverse
safety issues. CTI, along with multiple other organizations, com-
mented against the proposed rule change. At a meeting this fall,
the governing ASME committee effectively deferred any action to
a time after the 2019 code is final. ASME did not drop this, and it
is already in discussion in the ASME committee for the next cycle.
CTT is engaged.
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® Measures in velocity per CTI Standard 163

SERIES B85

USB PROGRAMMABLE
SMART VIBRATION SWITCH

® Cystomizable time delay to prevent
false trips

® Field programmable for quick installation

On the Legionella management front, the CTI and
ASHRAE guidelines are moving toward completion
this year. Another document by NSF International,
Standard 444, was in progress for multiple building
water hazards, including Legionella. This standard is
now ASHRAE SPC514, with a target of completion
within 2 years. The membership, which includes some
previous NSF members and new members under the
ASHRAE process, is in process, and the committee will
begin shortly as an ASHRAE standards committee.

The new Pitot tubes using the tip design resulting from
the CTT funded research project are now in use on a
global basis. Additional research is in progress to refine the applica-
tion of calibration data using the new design.

As many of you know, quite a few of you in our industry have been
sharing old pictures and other information about the early history
of cooling towers with me. Please continue to share what you find.
I hope to have some things to share in 2019. FYI, some pre-1900
pictures from Europe and the United States are in hand so far, as
the oldest.

Respectfully,
Paul Lindahl, CTT Journal Editor

SPCB PIEZ0TRONICS

MTS SYSTEMS CORPORATION

1 800 859 4464 | pcb.com/usb
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Adiabatic Fluid Coolers And Condensers:

Impact of Pad System Design on Satura-
tion Efficiency and Unit Operation

Trevor Hegg, Gordon Struder, Jennifer Hamilton,
Chad Nagle and Pat Strine; Evapco, Inc.

Introduction

e What are adiabatic pads and what do they do?

e What variables affect adiabatic pad
performance?

e [s saturation efficiency all that matters to
adiabatic fluid cooler or adiabatic condenser
thermal capability?

Closed circuit coolers and refrigerant condensers
which utilize air-cooled heat exchange are growing
in popularity for various reasons, but mainly to con-
serve water. However, in climates with high ambi-
ent temperatures, air-cooled heat exchangers require

too much capital cost, consume too much energy and/or require
too much plan area. In many cases, incorporating adiabatic pads
on an air-cooled heat exchanger (a.k.a., an adiabatic fluid cooler or
refrigerant condenser) is the best solution to balance costs, energy
consumption and the size or number of units required.

——
— -

Figure 1: Typical Adiabatic Air-cooled Heat Exchanger

Executive Summary

A surprisingly wide range of claimed saturation efficiency was dis-
covered for adiabatic pads during an investigation of various adia-
batic pad designs and suppliers. Therefore, an extensive adiabatic
pad test program was conducted to help understand actual/verified
pad performance and the variables which impact pad performance.

Jennifer Hamilton

Because adiabatic pad performance has a direct
impact on adiabatic unit performance, verified pad
performance should be considered a fundamental
building block for any thermal ratings methodology
expected to yield 100% fully rated dry and adiabatic
performance for units utilizing adiabatic pads.

The adiabatic pad test program included testing ten
pad designs from four adiabatic pad suppliers (3
pad designs from each of two suppliers and 2 pad
designs from each of the other two suppliers). The
independent research contained in this report is of-
fered for the benefit of industry, and to de-mystify
some of the variables surrounding adiabatic cool-

ing technology which have been misrepresented in the
marketplace. It is important for manufacturers, specifiers and own-
ers/end users to remember that an adiabatic fluid cooler or refriger-
ant condenser is no more than an air-cooled heat exchanger that is
sized to operate at a lower-than-ambient air dry-bulb temperature.
The adiabatic air pre-cooling system uses water to depress the ambi-

ent air dry-bulb to a lower value, reducing the necessary size of the
heat exchanger compared to a 100% air-cooled equivalent.

The following are specific recommendations borne from this re-
search and separated into the three broad categories, namely 1)
Adiabatic Unit Manufacturers; 2) Adiabatic Unit Specifiers; and 3)
Adiabatic Unit Owners/End Users.

1. Adiabatic Unit Manufacturers should be certain that
their unit design accounts for the following conclusions
which have been proven by this research.

a. Saturation efficiency changes with air velocity — it is
not a constant value!
. As shown in Figure 13, the maximum saturation
efficiency achieved for the various adiabatic pad
depths and designs tested in this program was:

Air Velocity [m/] Saturation Efficiency

2.5 76%
3.0 74%
3.5 72%

b. Saturation efficiency and air side pressure drop are
equally important in rating the thermal performance
of an adiabatic unit.

c. Water flow rate and water temperature have very
little impact on adiabatic pad saturation efficiency
when measured on a full-size adiabatic fluid cooler
or condenser.

2. Adiabatic Unit Specifiers must be aware of the following
when preparing specifications for adiabatic units.

a. The overstated saturation efficiency claims which
are published by adiabatic pad suppliers are likely
to cause unknowing adiabatic unit manufacturers to

@ CTI Journal, Vol. 40, No. 2
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provide equipment which does not meet its specified
performance.

b. There are no independent third-party perfor-
mance certification programs or field test standards
published for adiabatic fluid coolers or refrigerant
condensers.

c. Itis wise to specify an optional field performance
test to provide a specification with sufficient “teeth”
that will cause suppliers to provide fully rated equip-
ment.

i. Recommended Language: See Attachment #1 at
the end of this paper.

d. To eliminate uncertainty regarding thermal capability,
require adiabatic unit manufacturers to guarantee:

i. Thermal capacity at the specified design point
when operated adiabatically.
il. Thermal capacity at the specified dry switchover
point with adiabatic pads installed.
iii. Adiabatic Pad Saturation Efficiency at full fan
speed.
NOTE: Actual adiabatic pad saturation efficiency
can be determined using Equation 1 by measuring
the air dry-bulb temperature and wet-bulb temper-
ature entering the face of the adiabatic pads and
the air dry-bulb temperature exiting the coil or unit
without load on the adiabatic unit.

Adiabatic Unit Owners/End Users

Adiabatic technology has been an accepted means for
improving the thermal performance of air-cooled fluid
coolers and refrigerant condensers for decades.  After
reading this paper and recognizing the facts behind the
limitations and variables in adiabatic air pre-cooling sys-
tems, end-users and specifying engineers may be asking
themselves:

Q: Why haven’t more HVAC, Industrial Process, and
Industrial Refrigeration Systems using adiabatic pad
technology had more performance issues in the field?

A: The short answer is that the deficient unit capacity is
often hidden by simply operating the unit in adiabatic
mode at wet-bulb temperatures lower than promised
by the unit manufacturer (i.e., more frequently than
would be required for a properly sized unit).

When the presumed adiabatic saturation efficiency is not
achieved, it’s likely that the HVAC, Industrial Process,
or Industrial Refrigeration system can still be satisfied
throughout the year due to:

i.  Adiabatic pre-cooling system prolonged run-
time at a wet-bulb temperature lower than
specified (greater annual water use compared to
assumed design data);

ii. Increased fan run-time or higher fan RPM
requirements (greater annual energy consump-
tion),

iii. Safety factors applied to load calculations;

iv. Conservative “worst case” design temperatures
utilized for equipment selection; and

v. Chillers and compressors which can temporar-
ily handle higher fluid and higher condensing
temperatures.

However, in all of these circumstances, an adiabatic fluid cooler or
refrigerant condenser with fully-rated performance will operate in
adiabatic mode fewer hours , annually (saving water), and will un-
load fans to lower part speed or cycle fans off (saving energy) more
frequently for any load profile and geographical location versus an
adiabatic unit that incorporates over-stated saturation efficiencies.

Bottom line: fully-rated thermal performance saves end-users wa-
ter and energy (3$$’) while reducing long-term maintenance of
adiabatic pads and fan motors due to their less frequent operation.

Another common question by the Adiabatic Owners/End Usets is:

Q: How do I get a specifying engineer to ensure I receive
fully-rated adiabatic fluid coolers and refrigerant condensers in
the absence of any third-party certification standards?

A:  Request the specifying engineer to specify and require that
adiabatic unit manufacturers guarantee thermal performance
capacity in both adiabatic mode and dry mode operation (see
Thermal Capacity section of Attachment #1).

And

Request the specifying engineer to include language in the specifica-
tion for an optional field performance test at the desire and expense
of the owner if a thermal performance deficiency is suspected (See
Thermal Capacity Test Guarantee section of Attachment #1).

Editorial Note

The test results contained in this report have been shared with the
respective manufacturer of each adiabatic pad tested. Manufactur-
ers have either agreed with or not refuted test results. It is recog-
nized that the adiabatic pads tested represent only a portion of the
adiabatic pads currently available in the global market. Testing will
continue in search of the next generation of best pads.

Adiabatic Cooling Operating
Principle

The basic principle for any air pre-cooling system is to reduce the air
dry-bulb temperature entering the coil. Figure 2 illustrates a basic

arrangement where water is distributed over the entire adiabatic pad
plan area to saturate the adiabatic media.

Ambient air passing through the wetted adiabatic pad increases
in moisture content (i.c., increased relative humidity), cooling the
entering air dry-bulb temperature toward the entering air wet-bulb
temperature. The lower dry-bulb temperature exiting the adiabatic
pad is referred to as the depressed dry-bulb.

In an adiabatic fluid cooler or refrigerant condenser, the pre-cooled
air or depressed dry-
bulb travels through
the tube and fin coil,
offering a substantial
increase in heat rejec-
tion capability.

Figure 2: Adiabatic
Cooling Operation
Principle

CTI JOlll'Ilal, Vol. 40, INO. 2 9
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Saturation Efficiency

Adiabatic pad manufacturers express the pad’s ability to achieve a
discharge air dry-bulb temperature (leaving the pad) for a known
entering air dry and wet-bulb temperature as saturation efficiency.
The dry-bulb temperature exiting the adiabatic pad media is calcu-
lated using Equation 1 below.

0

Equation 1: T

DB exiting = TDB mtmiﬂg_ OSatm'atiwz Efficiency * (TDB erzz‘erz'ng- TDB mtmﬂg)
The concept of saturation efficiency is further illustrated on the
psychrometric chart, shown in Figure 3, and the example below.
The air dry-bulb temperature reduces along a constant wet-bulb line

[Point 1 to Point 2] when using an adiabatic pre-cooling system.
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Figure 4: Adiabatic Pad Suppliers’ Published/Claimed Saturation Ef-
ficiency Curves (6” [150 mm] Pad Thickness)

Why is adiabatic pad saturation efficiency so critical to adiabatic
cooler and refrigerant condenser performance?

The thermal capability of an adiabatic unit is strongly influenced
by the adiabatic pad saturation efficiency. Overstating adiabatic pad
saturation efficiency will overstate unit performance, which will im-
pact system operation. As an example, the resulting leaving fluid
temperature using two different saturation efficiencies are com-
pared in Table 1.1 below.

Design Conditions Design Actual
Saturaticn Efficiency 0% T0%
Entering Dry-Bulb TEMPErakire, Tos g pers 35.00°C 35.00°C
! 1 =i
e - = Entering Vet-Bulb Temperature, Tus s 28 C 2388 °C
Deprassad A Dry-Bulb Temperature, = 35 = 90| 35- = 35 = TO% (35
Figure 3: Psychrometric Chart Enbering Dry Coil, Tos s 23.89) 23.80)
Calculated using Equation 1 = 25.0°C =2T.33°C
in Fi : | Approach Tamparatun, Tos - Tom s T.E*C T22%C
For the example shown in Figure 3: ot T Tt 1B

T, = 322°C Point 1
entering o
WB entering 21.1°C
o = 239°C Point 2
WB exiting = 211°C

In this example, adiabatic pad saturation efficiency is calculated by
modifying Equation 1 to solve for efficiency:

(TDB entering — Tpp exitiug)

%Saturatmn Efficiency =
(TDB entering TWD cnterirlg)

(32.2°C —23.9°C)
Yosaturation Ef ficiency = m

o (8.3°0)
ﬁSnturatiDn Efficiency = (11.1 OC)

Ysaruration Efficiency = 75%

Several manufacturer’s published saturation efficiency curves were
studied. The wide variation in published saturation efficiency re-
lated to adiabatic pad thickness for the different pad manufacturers
prompted an extensive test program. As an example, Figure 4 be-
low shows several adiabatic pad manufacturers’ published/claimed
saturation efficiency curves for 6 adiabatic pads with various flute
angles and flute heights. As shown, published saturation efficiency
curves are generally limited to entering air velocities from 0.5 — 3.0
m/s and the claimed saturation efficiencies range widely, from 65%
to 97%. Please note, only some of these adiabatic pads were in-
cluded in the ten adiabatic pads tested in the test program.

Table 1.1: Saturation Efficiency Impact on Leaving Fluid Temperature

Table 1.2 below shows that overstated adiabatic pad saturation ef-
ficiency can also have a significant impact when selecting a unit.

Conditions Example 1 Example 2
Saturation EMiciency 'BEA T4
Enbering Dry-Bulb Temparalure, Tos misig seos 35.00°C 35,00 *C
) T 388G FEETR
Depressad A Dry-Bulb Temperatuna, = 35 — B90%" |35~ w35 = T036"(35-
Entbaring Dry Coil, Toa s 23.89) 23.88)
| Calculated using Equation 1 =250°C =2122°C
3 g Fluid Tem T; 32.22°C 32.22
Approach Temperaine, To. - Tos wy 722 *C 5.00 *C

Table 1.2: Saturation Efficiency Impact on Dry-Bulb Depression

Table 1.2 shows a 2.22°C difference in the calculated depressed dry-
bulb temperature. The difference in unit size and horsepower re-
quired is generally inversely proportional to the calculated approach
temperature. Therefore, if the same 32.22°C design leaving fluid
temperature is used for both 90% and 70% saturation efficiency,
the unit with a 70% saturation efficiency would need to be approxi-
mately 44% larger than the unit with a 90% saturation efficiency
[7.22°C + 5.00°C]. Table 1.3 below expands on this concept show-
ing the difference in plan area, fan power, operating weight and cost
of the units required to satisfy the same design condition by using
different saturation efficiencies.

_ Example 1 Example 2
| Design Conditicn 440 KW @ 32.22°C Condensing
Saturation Efficiency B0% T0%
Daprossed Dry-Bully Temparatuns 25.00"C ZT.22°C
Modal Nurnbar A B
Plan Area 24m x 6. 1m 2.4m x 8.5m [+ria]
Fan Power 28 kW 40 kW *3E%]
Diperating Weight 4258 kg 5693 KW +33%)
Relative Unit Cost §1 $1.30 +30%] |

Table 1.3: Saturation Efficiency Impact on Unit Selection

CTI Journal, Vol. 40, No. 2
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The Table 1.3 example above cleatly illustrates the impact saturation
efficiency has on unit selection, first cost and other key decision
parameters.

Additionally, if the adiabatic pads do not achieve the saturation ef-
ficiency used to thermally rate the unit, the system’s operation will
be negatively impacted. These negative consequences include:

e Higher leaving fluid temperatures or refrigerant condensing
temperatures

e Greater system energy consumption

e Prolonged adiabatic operation time

e Increased water use
To better understand adiabatic pads and their impact on unit rat-
ings, we tested multiple adiabatic pad designs and investigated other
parameters that might have an impact on adiabatic pad saturation
efficiency.

Parameters that [Potentially]
Impact Adiabatic Efficiency
e Secveral design parameters are commonly believed to influence
adiabatic pad saturation efficiency. These include:
Linear Adiabatic Pad Depth
Entering Air Velocity
Pad Configuration and Wetted Surface Area
Supply Water Flow Rate
e Supply Water Temperature

Adiabatic pad manufacturers acknowledge the first three param-
eters listed above have a significant impact on saturation efficiency.
The last two parameters are also commonly discussed in the indus-
try by equipment suppliers and design engineers, but there is not an
overwhelming industry consensus as to their impact.

Testing and Results

To verify the impact that various parameters have on saturation ef-
ficiency and resulting adiabatic unit performance, numerous labo-
ratory tests were performed over several months at the Evapco
Research Center in Taneytown, MD (USA). These tests and their
results are described below.

Adiabatic Pad Test Chamber

Saturation efficiency testing was conducted in the adiabatic pad test
chamber shown in Figure 5. The purpose and value of this chamber
is to quickly evaluate and compare the accuracy of manufacturet’s
published data and to determine the impact performance variables,
such as supply water flow rate and temperature, have on saturation
efficiency. This testing is used to determine which pads were best
suited for full-scale testing,

All thermal parameters were measured with precision platinum re-
sistance temperature detectors (RTD) and recorded using an Agilent
34972A data acquisition unit. All RTD’s have a resolution of 0.01°F
(0.005°C). The chamber was instrumented with the following:

e Tive (5) Entering Air Dry-Bulb RTD’s
e Four (4) Entering Air Wet-Bulb RTD’s
e Five (5) Leaving Air Dry-Bulb RTD’s
e Two (2) Leaving Air Wet-Bulb RTD’s
e Two (2) Inlet Water RTD’s

e Two (2) Outlet Water RTD’s

Figure 5: Adiabatic Pad Test Chamber

The test chamber incorporated a calibrated, internal nozzle wall, for
accurate airflow measurement. The nozzle wall and airflow mea-
surements meet the criteria outlined in Air Movement and Control
Association International, Inc. (AMCA) Standard 210, Laboratory
Methods of Testing Fans for Certified Aerodynamic Performance
Rating. Air side pressure drop across the adiabatic pad media was
measured with a differential pressure transmitter. Supply water flow
rate was measured using an in-line flow meter.

The chamber was used to test a variety of adiabatic pad types and
depths from several manufacturers. It was also used to determine
the effects of water temperature and water flow rate. Test results
proved to be consistent and repeatable, producing an overall test
tolerance of +2%. This tight tolerance provides a high level of con-
fidence in the technical data presented in this report. Additionally,
key small-scale test results were compared to full-scale unit testing
to confirm the accuracy of both results.

Full-Scale Test Chamber

Testing of selected adiabatic pads on a full-scale unit was conducted
in a thermal test chamber (Figure 6). Results from full-scale testing
were compared to small scale testing and used to develop perfor-
mance models to generate fully rated adiabatic fluid cooler and re-
frigerant condenser thermal capacities.

Figure 6: Full-Scale Test Chamber

@ CTI Journal, Vol. 40, No. 2
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All testing was performed to meet the criteria of industry recog-
nized test methods, such as:

e ASHRAE Standard 20, Method of Testing Remote Mechani-
cal-Draft Air-Cooled Refrigerant Condensers,

e European Standard EN 1048, Air cooled liquid coolers ('dry
coolers"). Test procedures for establishing the performance,

e Huropean Standard EN 327, Forced convection air cooled
refrigerant condensers. Test procedures for establishing
performance,

e CTI ATC-106, Acceptance Test Code for Mechanical Draft
Evaporative Vapor Condensers, or

e CTI ATC-105-DS, Acceptance Test Code For Air Cooled
Closed Circuit Cooling Towers

Similar to tests conducted in the Adiabatic Pad Test Chamber, all
thermal parameters were measured with precision platinum resis-
tance temperature detectors (RTD) temperature probes and re-
corded using an Agilent 34972A data acquisition unit. All RTD
temperature probes have a resolution of 0.01°F (0.005°C). Fluid
flow was measured using a magnetic flow meter or venturi tube
for water and a Coriolis flow meter for ammonia. Fan motor input
power was measured with a calibrated digital kilowatt meter at the
motor disconnect. Atmospheric pressure was taken during the test
using a mercury barometer.

Linear Adiabatic Pad Depth

According to adiabatic pad manufacturet’s published data, the most
influential design parameter for adiabatic pad saturation efficiency is
the pad’s linear depth (Figure 7). Three pad depths from one manu-
facturer were tested in the adiabatic pad test chamber and on a full
scale unit to validate this observation.

Figure 7: Example Adiabatic Pad

Each point in Figure 8 represents the calculated efficiency from test
data gathered in the full-scale lab with the solid line representing the
best fit line to the data. The test data from the adiabatic pad test
chamber and full scale unit testing confirmed that linear pad depth
does indeed have a significant impact on saturation efficiency at a
comparative, nominal entering air velocity.

L
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Figure 8: Saturation Efficiency for Multiple Pad Depths

Entering Air Velocity

Saturation efficiency varies significantly with entering air velocity,
regardless of adiabatic pad design or pad depth. This effect was
confirmed by the test data associated with every test performed
(e.g., Figures 8, 9, 12.1-12.8, and 13). Therefore, it is inaccurate to
apply a constant adiabatic pad saturation efficiency independent of
entering air velocity as part of the unit rating methodology.

Supply Water Flow Rate

Supply water flow rate is a parameter that is often discussed in
conjunction with adiabatic system performance. To quantify the
impact flow rate has on adiabatic system performance, the supply
water flow rate was varied over one of the adiabatic pads and cal-
culated the saturation efficiency from the measured temperatures.
Tests were performed at flow rates ranging from 50% below to 50%
above the manufacturer’s recommended water flow rate with the
results presented in Figure 9.

Percent water fiow rabe over the Adiabatic Pad, cxpressed as a percent
ofthe adiabatk: pad marsBeture’s recommended Dow rase

TN 100 8135, L i)

15 L1-] L K1 L]

Alr Valsziry (m/y)

Figure 9: Adiabatic Pad Saturation Efficiency at Multiple Water Flow
Rates

The test results provided in Figure 9 suggest that increasing the
water flow rate per pad plan area has minimal effect on the resultant
depressed air dry-bulb temperature and, therefore, minimal impact
on saturation efficiency. However, it should be noted, increasing
the water flow rate over the pad increases water use unnecessarily.
An optimally designed adiabatic unit uses the minimum threshold
supply water flow rate which will keep the adiabatic pad(s) fully wet-
ted, thus maintaining effective air dry-bulb temperature reduction
while using the least amount of water possible.

@ CTT Journal, Vol. 40, No. 2
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Supply Water Temperature

The supply water temperature distributed onto the adiabatic pad is
another parameter marketed as influential to saturation efficiency.
Supply water temperatures ranging from approximately 6°C to 36°C
were tested on a full scale adiabatic unit. Table 2.1 below exhibits
measured adiabatic pad saturation efficiency for the range of water
temperatures tested.

Water Supply Difference from Saturation Capacity Effect
Temperature to Adiabati Entering Wet- Efficiency
Pad Bulb
358 °C +15.2 °C 66.2% -3.2%
30.2°C +9.6 °C 66.4% -2.9%
19.4 °C -48°C 68.4% Baseli
14.1°C -9.7°C 69.4% +1.5%
6.8 °C -17.0°C 70.8% +3.6%

Table 2.1: Adiabatic Pad Saturation Efficiency at Multiple Water Supply
Temperatures

The testing and data suggest water temperature has a small impact
on adiabatic pad saturation efficiency and unit capability.

It was hypothesized the reason water temperature is marginally ef-
fective in increasing adiabatic pad saturation efficiency is because it
equalizes to the entering air wet-bulb temperature. To confirm this
hypothesis, the entering and leaving water temperature were mea-
sured and compared to the entering air wet-bulb temperature. Table
2.2 exhibits the entering and leaving water supply temperatures as-
sociated with the full scale testing where the adiabatic pad height is
about 1.98 meters.

Water Supply Temperature Entering Wet-Bulb Water Supply
Entering Adiabatic Pad Temperature Leaving
Adiabatic Pad v.
Entering Wet-Bulb
358°C 206°C +0.11°C
30.2°C 206°C +0.06 °C
194 °C 242°C -0.06 °C
14.1°C 23.8°C -0.06 °C
6.8 °C 238°C -0.11°C

Table 2.2: Entering and Leaving Water Temperatures at Multiple Water
Supply Temperatures

The adiabatic pad test chamber using a 0.6 meters tall adiabatic
pad was used to evaluate how quickly the supply water temperature
equalizes to the entering wet-bulb temperature. In the most extreme
example tested (a 20 °C difference between the entering water sup-
ply temperature and entering air wet-bulb temperature), the water
temperature equalized to within 3.3 °C of the entering wet-bulb
temperature after 0.6 meters of travel, pad height direction.

The rapid equalization of supply water temperature to air wet-bulb
temperature explains the marginal impact on full scale adiabatic pad
saturation efficiency and thermal capability.

Wetted Surface Configuration
and Area

The surface configuration and fluting pattern of an adiabatic pad
can have a significant impact on saturation efficiency as represented
by each manufacturer via published literature.

Most adiabatic pad manufacturers utilize a 15/45 or 45/45 degtee
opposing flute angle configuration for adjacent corrugated sheets
(15/45 example shown in Figure 10). Corrugation (flute) height
ranges from 5 mm to 7 mm and the flute is continuous in the air di-
rection, from the entering to leaving edges. These numerical values
are typically incorporated into each brand’s catalogue description.
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Figure 10: 15/45 Degtee Opposing Flute Angle Configuration

One particular adiabatic pad utilizes a 45/45 degtee opposing flute
angle configuration for adjacent corrugated sheets as shown in Fig-
ure 11. The corrugation (flute) height is 7 mm. However, the 45-de-
gree (air direction) flute angle is non-continuous in the air direction,
from entering to leaving edges. The 45-degree angle is continuous
for the first 50 mm, linear pad depth, followed by a horizontal flute
section, also 50 mm in depth, and then continuing at a 45-degree
angle (parallel to the first 50 mm) until reaching the pad’s leaving
edge.

Figure 11: 45/45 Degtee Opposing Flute Angle Configuratio

The adiabatic pads tested and reported in this document use essen-
tially the same total surface to achieve entering air dry-bulb cooling
due to the flute height and shape being approximately the same.
The main difference is that one adiabatic pad exhibits two air di-
rectional changes whereas the other adiabatic pad designs do not
change air direction once the air stream enters a flute(s).

The variation in published adiabatic pad saturation efficiencies for
different wetted surface configurations (refer to Figure 4) again vali-
dated the need for the extensive test program. The following fig-
ures 12.1 — 12.8 illustrate the adiabatic pad saturation efficiencies as
determined in the adiabatic pad test chamber compared to the pad
test chamber compared to the manufacturet’s published/claimed
efficiency curves.
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Figure 12.3: Saturation Efficiency for Manufacturer B
B —150 mm (Version 1 Flute Configuration)

Figure 12.6: Saturation Efficiency for Manufacturer C
— 150 mm (Version 2 Flute Configuration)
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Figure 13: Measured Saturation
Efficiency of Tested Adiabatic Pads

Effect of Air-Side Pressure Drop

The difference in wetted surface configurations results in different
saturation efficiencies but choosing the highest efficiency adiabatic
pad may not result in the highest unit thermal capacity because air
side pressure drop is just as important to unit thermal capacity as
saturation efficiency. The benefit of installing an adiabatic pad that
achieves a high saturation efficiency can be negated or even detri-
mental if the air side pressure drop across the pad results in less ait-

to test adiabatic pads in search of the next generation of best pads.

Reiterating points raised in the
paper:
e Water flow rate and water temperature have little to no effect

on adiabatic pad saturation efficiency when evaluated on a full
size adiabatic fluid cooler or condenser.

e Adiabatic pad depth impacts adiabatic pad saturation efficiency.

e Adiabatic pad saturation efficiency changes with air velocity —
it is not a constant value!
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e Adiabatic pad saturation efficiency and air side pressure drop
are equally important in evaluating adiabatic unit thermal
performance.

e None of the adiabatic pads tested in this research achieved a
90% saturation efficiency in the normal operating entering air
velocity range for this type of equipment.

e Specifying independent field or full scale laboratory testing us-
ing industry recognized test methods confirms adiabatic fluid
cooler or condenser thermal performance to required operat-
ing conditions in the absence of strict certification programs.

As stated in the introduction, engineers and end-users face an un-
known stumbling block when trying to apply adiabatic technology.
This is due to the widespread variation in “claimed” adiabatic pad
saturation efficiency in the global marketplace, which can result in a
dramatic impact on the size or performance of the air-cooled closed
circuit cooler or refrigerant condenser. Additionally, adiabatic unit
manufacturers commonly apply a constant adiabatic pad saturation
efficiency when selecting adiabatic units, regardless of actual enter-
ing air inlet velocity. “Claimed” adiabatic pad saturation efficiencies
of 80-95% have been seen on datasheets from adiabatic fluid cooler
and refrigerant condenser manufacturers. Based on the test results
of this program, even 80% adiabatic pad saturation efficiency was
not achieved at typical entering air velocities for most adiabatic fluid
cooler and refrigerant condensers. Full scale laboratory tested satu-
ration efficiency based on the unit’s actual air inlet velocity should
be used to calculate actual adiabatic unit performance.

Unfortunately, there are no “adiabatic specific” third-party perfor-
mance verification test standards or certification programs for adia-
batic coolers, adiabatic condensers or the adiabatic pads — hence
Attachment #1 is offered as a reasonable means of specifying thet-
mal capability and testing given currently available test standards.
Overstating thermal performance is common where third party ver-
ification or certification programs do not exist. Additionally, end-
users often do not mandate thermal performance guarantees into
specifications. Increased (and unnoticed) frequency of adiabatic
operation at wet-bulbs lower than promised by the manufacturer
masks underperforming adiabatic fluid coolers and refrigerant con-
densers. Until strict certification programs exist, end-users should
insist on field or full scale laboratory acceptance testing and capacity
calculation to determine if the adiabatic and dry thermal capacity of
the unit meets or exceeds specified design conditions.

Attachment #1

Suggested Specification: Adiabatic Cooler Thermal Capacity and
Test GuaranteeUnit(s) shall be selected and guaranteed to satisfy
the following two design conditions.

I. Dry Mode:

When operating in dry mode (i.e. adiabatic pre-cooling system
OFF), unit(s) shall be guaranteed to cool a design flow rate of
Ips of water (___% glycol, if applicable) from __ °C entering fluid
temperature to ___°C leaving fluid temperature ata ___°C entering
dry-bulb temperature. Coil pressure drop shall not exceed __ kPa
at the design flow rate.

I1I. Adiabatic Mode:

When operating in adiabatic mode, the unit(s) shall be guaranteed
to cool a design flow rate of ___ Ips of water (___ % glycol, if
applicable) from __ °C entering fluid temperature to ___°C leav-
ing fluid temperature at an entering air condition with an entering
air wet-bulb temperature of ___ °C and simultaneously occurring
entering air dry-bulb temperature of ___ °C.

Thermal Capacity Test Guarantee:

Unit(s) shall be guaranteed to provide the Dry Mode Thermal Ca-
pacity specified above when field tested in accordance with CTI
ATC-105DS, Field Thermal Test Procedure for Dry Coolers.

If the units are suspected to be deficient in thermal capacity, the
ownet/user has the right to request a Dry Mode field thermal pet-
formance test per CTT ATC-105DS, Field Thermal Test Procedure
for Dry Coolers, at their own expense. The test shall be conducted
by an independent third-party test agency per the ATC-105DS test
procedure within one year from date of shipment. In recognition
of a +/- 2% field test tolerance, if the CTI Standard ATC-105DS
field test results report a capacity of 98% or greater the unit shall be
deemed to have satisfied the guaranteed Thermal Capacity.

The third-party test agency shall be a CTT licensed thermal test
agency (http://cti.org/licensed TestingAgencies.php).

The manufacturer shall be given a minimum thirty (30) day notice
prior to the test date and shall be allowed to both pre-inspect the
unit and witness the test.

If the field thermal performance test results report the unit capac-
ity to be less than the guaranteed Thermal Capacity, the equip-
ment manufacturer shall reimburse the owner for the cost of the
field performance test. Additionally, the manufacturer shall absorb
all costs to make corrective measures to increase unit capacity to
guaranteed Thermal Capacity or greater without exceeding the
specified total fan motor energy of the unit(s). Corrective measures
must be completed by the equipment manufacturer within six (6)
months of a test which finds the unit to be less than guaranteed
Thermal Capacity.

The equipment manufacturer shall then pay to have the modified/
corrected units re-tested per ATC-105DS to confirm the corrective
actions have improved capacity to the guaranteed Thermal Capac-
ity If the retest results report the capacity to still be less than the
guaranteed Thermal Capacity, the manufacturer shall provide new
units which provide the specified thermal capacity free of charge
and absorb all costs for removing and replacing the thermally defi-
cient units.

The manufacturer shall pay to have the new/replacement unit’s field
thermal performance tested per ATC-105DS to confirm they meet
the guaranteed Thermal Capacity. If the test on the new/teplace-
ment units reports capacity to be less than the guaranteed Thermal
Capacity the manufacturer shall repeat the process (at their own
expense) of providing new units and field tests per ATC-105DS
until a field test result reports that the installed units meet or exceed
the guaranteed Thermal Capacity without exceeding the specified
total fan motor energy of the unit(s).

(#4 4 4 CTI Journal, Vol. 40, No. 2



STD-202: Standard for. Publication of
Custom Cooling Tower Thermal
Performance Test Results

The Performance & Technology technical commit-
tee has developed Standard STD-202 to encour-
age cooling tower capacity of 100% or better.

Custom cooling towers built by the Participating
Manufacturers (PM) are field-tested for thermal
performance by CTl-Licensed Thermal Perfor-
mance Testing Agencies and the results are pub-
lished in accordance with this Standard.

This program provides big benefits to owners/op-
erators of custom field-erected cooling towers:

+ Performance tests demonstrate the actual
thermal performance,

« Power generation is increased due to proper
thermal performance,

« Heat exchanger efficiency is increased due
to lower water temperature and lower energy
consumption in the entire system.

This is a voluntary program. For the period of pub-
lication of these results, the PM are:

» Composite Cooling Solutions, L.P.
« EvapTech, Inc.
» SPX Coaling Technologies, Inc.

CTlI STRONGLY RECOMMENDS THAT YOU
SPECIFY STD-202, FOR YOUR COOLING
TOWER NEEDS:

1. The cooling tower vendor shall be a Par-
ticipating Manufacturer in the Cooling Tech-
nology Institute (CTIl) STD-202 program for
Publication of Custom Tower Thermal Perfor-
mance Test Results, as validated by listing
as such on www.cti.org.

2. The cooling tower shall be subject to accep-
tance testing conducted by a CTl-Licensed
Thermal Performance Testing Agency, ac-
cording to the latest edition of CTI ATC-105.
Testing shall occur within one year of com-
mercial operation of the cooling tower.
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Composite Cooling Solutions, L.P.

EvapTech, Inc
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All Multi-Agency
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Underwater Robotic Technology for

Online Tower Basin Cleaning

Steven Rydarowski, Joe Leist and Randi Morgan
Scantron Robotics USA, Inc

Introduction

Cooling tower basin cleanings and inspections are ex-
pensive. Traditional methods add to the initial costs
through the needs for draining, shutdowns, refilling,
retreatment, and closed space entries. Safety personal
must be kept on hand, which adds fees. A new meth-
od of robotic cleaning helps reduce these costs by
keeping tanks filled and online, and nearly eliminates
closed space entries.

Traditional Methods

Water tower basin cleaning is not a new concept, nor is it a sudden-
ly-emerging need. Tank cleanings, and inspections, have been a nec-
essary part of maintaining functionality. The traditional methods
of cleaning and inspecting industrial water tower basins—perma-
nent structures within industrial facilities designed to contain non-
flammable liquids, classified by OSHA as permit-required confined
spaces—tequire some form of entry by personnel into the confined
spaces of the water towers. Three methods make up the traditional
models: vac trucks, divers, and offline robots.

Vac Trucks

Vac trucks clean water tanks much the same way as a living room is
cleaned: people go in with vacuums and suck out as much dirt as is
possible. The use of industrial vacuums makes this a fairly efficient
method once started, but there is a major issue with starting: getting
the people into the basin itself.

First off, the process does not work with a filled tower, so the tank
must be drained. Treated water must be safely disposed of by the
operator and the tank shut down (often referred to as a turnaround
or an outage). Water towers cannot be operational during this
process.

Secondly, vac truck cleaners must perform confined-space entries
when entering the tank. These come with recognized inherent dan-
gers and require permits, paperwork, and oversight to perform.
Having people inside of the water tower as they suction out sedi-
ment and other build up keeps people at risk for the duration of
the cleaning.

Finally, the water tower basin must be refilled after the cleaning is
complete. Water is added, then treated. However, this is all at a cost,
which is often ovetlooked. The drained treated water is essentially a
loss for this process. Replacing it is never free.

Divers

Divers clean water basins without draining the water. A team enters
the tank and performs the cleaning in the filled tower. Many com-
panies claim to be able to perform cleanings while basins remain
online, only requiring the pumps be turned off. This appears to save
operators some of the inconveniences associated with cleanings,
but it does so at great costs.

First of all, permit required closed space entries must be done in
order for this cleaning to be performed. Closed spaces always incur
risks and dangers. In 2015, 136 US workers died in closed space en-
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try-related incidents.1 Because of the extreme risks,
oversight and permitting are required for these.

Secondly, divers are exposed to constant risk and po-
tential exposure to dangerous materials. Being sub-
merged for lengthy periods of time in treated water
or other chemical mixtutes could lead to extreme
mishaps, such as chemical burns and inhalation or
even drowning. Because of these safety risks, support
and medical crews must be on-hand at all timed dur-
ing diving procedures. These are expensive and drive
up costs quickly, especially after estimated times grow
or are passed.

Finally, unlike other methods, turbidity becomes an
issue. The actions of swimming and moving while sediment is bro-
ken up and collected moves a great deal into the rest of the water.
This may cause something as mundane as slightly cloudy water, but
it could cause much worse problems down the line, such as clogs
downstream and increases in bacteriological buildup. These greater
risks could lead to increased needs for maintenance and cleanings in
the future, making this method relatively inefficient and excessively
costly.

Offline Robots

Robotic cleaning services have already made a foray into the world
of industrial tank cleaning. Large machines enter tanks, break up
and pick up material, and later exit the tank. It sounds simple, but it
is a more advanced version of the vac truck methods.

First, these robots are not submersible. This means tanks must be
drained in order for the robots to enter and clean. Just like the vac
truck method, this is costly and comes with a shutdown of the tank,
interfering with production.

Second, these robots cannot fully suction and collect everything on
their own. After the robots are finished cleaning, vac truck techni-
cians are still required to enter the tank to clean what the robots
have left, meaning confined space entries are still a requirement of
the process.

Finally, these robots are bulky. They weigh up to 500 Ibs. and can
damage basin linings and structure. The increase in risk to the tank,
as well as the maintained risk to personnel, makes this process a
lesser upgrade to the prior methods.

The New Method: Online Robotics

Inspired by industrial pool cleaner robots, the first online industrial
water tank cleaning robots were designed for the potable water in-
dustry in 2010. These robots demonstrated clear success and prom-
ise, despite being bulky and using inefficient methods. They proved
capable of removing sediment while also keeping employees from
entering confined spaces. Online robotic technology has developed
and evolved in the years since, accommodating a much wider array
of tank applications and industries, while also improving speed and
efficiency.

Online robotic systems improve cleaning and inspection processes
by allowing water tower basins to remain online and cutting liabili-
ties. The basic process has robots enter the tower, break up and
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suction out sediment and other build-up, and leave the tank. People
should not have to enter the tank; and the basin does not need to be
drained—in fact, this process requires the tower to be full. The suc-
tion requires water to be pulled from the tank and filtered outside
of the water tower basin, which helps to eliminate turbidity.

Process

m 1. Deploy robot
! 2. ROV operators navigate the robat
throughout the tank

3. Auger breaks up tough sediment

and pumps to dewatering site

4, Polymer injection
5. Remediation/Dewatering

6. Recycle water

Figure 2 - Illustration of the online robotic
industrial water tower basin cleaning process

Step 1: Deploy Robot

The robot is deployed into the tank by the use of an operator-
owned, custom crane, or by the use of a crane operated by the client
facility. The crane carefully lowers the robot to the tank floor, and
the on-board pumps are immediately engaged in order to avoid and
eliminate turbidity as it makes contact with sediment.

Figure 3 - Robot being deployed into a basin using custom crane

Step 2: ROV operators navigate the robot
throughout the tank

Remote operating vehicle (ROV) operators govern the robot’s
movements, auger, and pump from a control box. In order to more
efficiently navigate a tower, lights and live-feed cameras attached to
the frame of the robot are utilized by operators. Blueprints can be
used in instances of low visibility due to poor water quality.

Step 3: The Auger Breaks up Tough Sediment
as it is Pumped to a Dewatering Site

The type of sediment determines the type of auger installed on
the robot. While there are many different types of augers used, the
most common is made of stainless steel. A brush auger, however, is
used in order to protect liners, such as a rubber liner.

Figure 4 - Online robotic tank cleaning operator

A powerful, on-board pump eliminates the creation of turbidity as
the robot moves throughout the water tower basin. The mixture of
water and sludge are sucked through hoses to an external dewater-
ing site. The location of the pump was carefully considered to elimi-
nate turbidity, which is a major concern for most tower operators.
The robot is capable of a 2-foot suction footprint in every direction
from its base, further alleviating any potential turbidity.

Figure 5 — Auger at front of robot
Step 4: Polymer Injection

In order to increase the speed of separating the suspended materials
and increasing efficiency of dewatering and remediation, polymers
can be injected into the system. This process is always discussed
with clients and does not move forward without proper approval.

Remed

Figure 6 - Flow chart for online robotic tank cleaning method
depicting at which stage polymer can be injected
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Step 5: Remediation and Dewatering

The mixture of sludge and water is dewatered and remediated, al-
lowing clean water to be returned to the water tower basin. Com-
mon means of dewatering include using one or a combination of
plate/filter presses, dewater boxes, weir tanks, geo bags, or centri-
fuges. Other filtering methods may be applied as well.

Industrial water is commonly treated with expensive chemicals, such
as chlorine or polymers, to help combat fouling or prevent corro-
sion. Disposal of such waste when draining a water tower often in-
curs heavy disposal fees and negatively affects the environment. By
separating solids from the liquids, clean water is recycled back into
the basin and dry material is left for disposal. Chemical treatments
are not removed through this process. Disposal fees for liquid waste
can cost up to 7 times those for solid waste; therefore, this step is
essential to reducing the costs associated with waste disposal.

Plate Prass Filter Prass

Figure 7 - Common dewatering methods used in online robotic tank cleaning

Step 6: Clean Water is Returned to the Water
Tower Basin

A continuous pumping process returns clean water to the tank from
the dewatering site, recycling the water and often drastically improv-
ing the quality.

Figure 8 - Clean water pumped into the basin after remediation process

Sediment Mapping

Traditionally, a “stick test” is used to determine the amount of
sludge and sand within a water basin. A length of stick or pole is
put into the water until a solid is reached. The height of water on
the removed pole is assumed to be the depth of the water. That is
then used to make an estimate of the thickness of the buildup on
the bottom of the basin. This method can fail for several reasons:

1. The data is fairly incomplete and is too little from which
to work.
a. Sediment is rarely uniform, so testing even a few
areas may give way to incorrect predictions.
2. Depth readings may not be as accurate as anticipated.
a. The stick can easily get caught on a part of the tank,
especially if water visibility is low.
b. The buildup might also be fairly permeable, allowing
the pole to pass through without much resistance.
3. Water movement might affect the level on the pole or the
pole might be put in at an angle.
These inaccuracies can be costly and create errors. Service estimates
are based off of sediment estimates, so service times and equip-
ment rental costs will vary from planned costs. Errors in either di-
rection cost money: over estimates mean workers and rentals must
be paid for scheduled time even though a job is finished, while un-
der estimates mean jobs take longer and cost more than expected.

ROVs, however, have a much better, and far mote accurate, means
of assessing the amount of sediment within a water tower called
sediment mapping. A proprietary method of measuring sediment
levels, sediment mapping involves taking specific measurements in
order to paint a clear image of how much sediment has built up in
different areas of a tower. With a clearer picture, estimates become
more specific and accurate, especially in regard to the amount of
time a cleaning will take.

Sonar imaging is used in order to clearly find where the top of the
sediment rests. An underwater ROV scans the tank, collecting up-
ward of 500 data points for an average-sized cooling tower, painting
a picture of the bottom of the basin. Sedimentation is then calcu-
lated from this data.

At this point, what has actually been measured is how deep the wa-
ter is at each point. Since water remains level on the surface, depth
changes must be caused by either the tank shape or the sediment
buildup. Therefore, the data is then compared with the basin con-
struction diagram. The following calculation gives results in an ac-
curate understanding of the buildup within the water tower.

Hsediment = Hdrawing — (Hmeasured + Hsonar)
Hsediment = sediment height

Hdrawing = distance between water surface and the basin
floor, as measured from water level and basin diagram

Hmeasured = Distance between sonar and sediment, as mea-

sured from sonar

Hsonar = Height of sonar from water surface

The data is then compiled and charted in order to create a sediment
heat map. These create visual representations of the unwanted ma-
terial on the bottom of the basin.

While the heatmaps may be helpful, another step is taken to create
a more visual representation of the data. Three dimensional topo-
graphic maps show clearly exactly what the buildup depths look like
and give an easily accessible view of the peaks and valleys of where
sediment settles.
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Figure 10 — 3D Topographic Sediment Map

These three-dimensional maps provide an accurate view of the
placement and collections of sediment on the bottom of a tank.
The hills and valleys allow for cleaning to be performed in a tar-
geted manner, reducing wasted time attempting to clean areas where
little cleaning is necessary.

Multiple sediment maps, especially using those created before and
after cleanings and after the water tower has been in use for a rea-

sonable length of time, can be used to identify where unwanted
material tends to collect. This can allow for plants to schedule for
cleanings at a necessary rate and possibly correct movement or
feeding issues leading to buildup. Analysis can also be done to cre-
ate a better understanding of how the water in the tank moves and
flows beneath the surface.

Inspections

Traditional tank inspections either utilize divers or require basins
to be drained. Both methods require confined space entries, which
come with great costs and risks. Online Robotic inspections, on the
other hand, do not need to send people into the tank at all.

Inspections are done by putting an ROV with lights and special un-
derwater cameras into the water tower basin. They move through
a tank much in the same way a drone moves through the air. Small
turbines enable steady, stable control of the ROV’s movement while
HD pictures and video are generated. These give an accurate undet-
standing of a tower’s infrastructure, corrosion, and buildup under
the water. Ultrasonic thickness testing can be done to determine the
structural integrity of a tower. Also, API-653 certified inspections
can be done, all while the basin remains online.

Safety Improvements

One of the most dangerous aspects of industrial tank cleaning is
confined space entries. In the past, employees have been sent into
enclosures in order to gain the access required to perform clean-
ings. This meant personnel were exposed to chemicals, which re-
quired various PPE—including monitors, masks, gloves, and pos-
sibly suits—in order for safety to be maintained. Permits had to
be made for each entry, with proper supervision and authorization.
Even with these safety practices, confined space entries still carry
great hazards and risks. When issues do arise, retrieval of personnel
from inside of a tank can often be difficult and slow, which length-
ens exposure and reduces the ability of emergency workers to pro-
vide aid in a timely manner. In fact, statistics from the Department
of Labor show approximately 96 people die each year in confined
space entry accidents, 61% of which occur during construction, re-
pair, or cleaning processes. People are injured and do die each year
using the traditional method.

The Online Robotics method, on the other hand, strives to avoid
and eliminate confined space entries whenever possible. Since ro-
bots are sent in through an opening in the tower and retrieved using
a winch system, people do not enter the tanks. When issues or dam-
ages do occur, they occur with the robot, not a human being, Ro-
bots can easily be pulled from the tank and repaired or replaced—
people tend not to be so lucky.

Time spent in safety planning and preparation is also significantly
reduced. General industrial safety standards are met and adhered to,
but there is not need for additional procedures on most sites. Since
confined space entries are not required, time is not spent identifying
who must go in and addressing the permitting needs. Specific site
needs can be focused on without as much worry as to who goes
where when. This shift also saves money by reducing costs in plan-
ning time and liabilities.

Exposure to extreme climate is also reduced and limited. Prolonged
exposure to extreme heat and cold, as well as rain or sleet, can be
common dangers for those who clean tanks. Online Robotics, how-
ever, allow employees to limit exposure when the need arises. Driv-
ers control robots from inside an air-conditioned trailer. Positions
within a team can be easily rotated, and monitoring of dewatering
and pump lines can be done from under cover. The only weather
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condition which precludes the use of Online Robotics is prolonged
extreme cold. The reason is simply that if the water is frozen, it
will not flow through the robot. In such cases, draining a tank is
not really an option, either, as frozen water will not flow through
an exit line. Below is a picture of a robot after being utilized for an
extended period of time in sub-zero temperatures.

Conclusion—A New Standard For
Industrial Tank Cleaning

The savings, especially those in continuing to utilize tanks while
services are performed, completely outweigh the competition. Any
time spent offline for cleaning is time spent in losses of production.
There should be no need to drain for simple cleanings any more.
Refilling and treating new water takes time and costs money, which
usually goes unnoticed. Wet waste disposal also has significantly
higher fees than the dry waste Online Robotics creates.

Environmental savings also abound in Online Robotics. Drain-
ing basins needlessly dumps thousands of gallons of treated wa-
ter out, affecting the other systems into which it flows. Taking out
more clean water to fill the tanks also requires unnecessary burdens
placed on water and ecosystems. Wet waste has a much higher envi-
ronmental impact than the dry waste created using Online Robotics.

The safety increases provided by Online Robotics keep employees
healthier, saving both lives and money. Reduced liabilities by reduc-
ing confined space entries helps keep employees out of harm’s way.
Keeping people from danger limits risks and liabilities, which pre-
vents injury and saves money. Also, the reduction of permitting re-
quired for confined space entries saves both time and money.

Online Robotics, therefore, is the next wave in industrial tank clean-
ing. It is cost-effective, environmentally friendly, and safer than any
previous option. Soon, it will be the standard of the industry.
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Figure 11 —Robot Exposed to Extreme Cold during use
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Tailoring Scale Prediction Models to

a Specific Application: Cooling Water

Robert ] Ferguson, French Creek Software, Inc.

Mineral scale formation is a problem across many
industries and in diverse applications and equip-
ment. Fach application may have specific char-
acteristics that must be considered if a modelling
system is to be reasonably accurate. The modelling
of cooling water and oil field production chemis-
try have been studied extensively since the 1970%
and state-of-the-art physical chemistry models de-
veloped to simulate them with acceptable accuracy,
even under extreme conditions.

Open recirculating cooling water predictive models,
for example, must incorporate algorithms to con-
centrate the water treating the process as an “open”
system and address cooling system specific situations
including pH control methods and even the impact of chlorina-
tion. pH prediction of the concentrated recirculating water is a key
requirement.

Oil and gas production chemistry modelling presents another set of
unique challenges, including the distribution of gasses such carbon
dioxide and hydrogen sulfide between phases as a brine transitions
from bottom hole conditions to the well head, and then flashes at
the separator. Such a system must incorporate algorithms to treat
the process as a “closed” system and partition the critical gasses be-
tween phases with pressure and temperature changes, and account
for the impact of the sometime dramatic environmental parameter
changes upon pH, solubility, and physical constants.

Membrane systems did not begin to receive the same rigorous treat-
ment as oil and gas production, cooling water and applications such
as geothermal power production, until the 1990’. Much of the
software in use by the industry relies upon simple index calcula-
tions on the level of the Langelier Saturation Index, and saturation
indices based upon total analytical values. The mainstream reverse
osmosis application specific software generally used is not up to
the rigors of high ionic strength, high recovery, and water reuse
membrane systems. They are definitely not capable of adequately
modelling cascade systems. The simple indices used for predicting
scale formation, and as driving forces for dosage optimization, do
not simulate high ionic strength activity coefficients and near as
well as far effects. The simple models fail to account for speciation
and the ion association of even such standard (yet critical) pairs
such as CaSO,° aqueous.

Scale inhibitor models in these simple models also do not ac-
count for inhibitor dissociation and the active form of the mol-
ecules. They also tend to lack the sophistication of models used in
other applications which necessitate an induction time extension
approach. Without adequate speciation models, inhibitor solubil-
ity can not be adequately modelled, or insoluble forms controlled
predictably. They also ignore, in many cases, application specific
challenges such as membrane specific ion rejection, pH prediction
and control in vented (open) or tight (closed) systems, and concen-
tration polarization at the membrane water interface.

Robert J Ferguson

This paper discusses the practical application of
advanced physical chemistry techniques commonly
employed to cooling water systems.

The techniques are discussed and applied to:

e predicting scale formation;

e identifying the upper driving force limit for in-
hibitors and blends;

e developing inhibitor models for minimum effec-
tive dosage;

e developing models for preventing failure due to
inhibitor solubility; and

e modeling inhibitor synergy and competitive
inhibition.

e Themethods discussed have been validated in field applications.

Introduction

In the past, water chemistry and scale control modeling in open
recirculating cooling water systems was a straightforward process.
Concentration ratio and ionic strength of the recirculating water
were relatively low. Systems were operated with acid feed for pH
control or at a concentration ratio where inhibitors could prevent
or limit scale formation and growth without pH adjustment. The
evaluation systems for modeling scale were adequate for low ionic
strength systems. Characteristics of these computer models, many
of which are still in use today, include:

e scale predictions are based upon simple indices. (1,2,3,4)

e indices are calculated from total analytical values and do not
account for the ion associations and common ion effects prev-
alent in higher dissolved solids waters.

e calculations estimate carbonate from uncorrected “M” alkalin-
ity titrations and do not correct for non-carbonate alkalinity.

e ion activity estimations use methods appropriate for low ionic

strength solutions, but that lack accuracy and applicability in
high TDS systems.

Models based upon the simple indices and calculations ceased to be
applicable in the 1990’ and began to be replaced by more sophis-
ticated modeling algorithms. Modeling of systems benefits from
the incorporation of sophisticated calculation methods to improve
accuracy and optimize treatment. This is of special applicability to
those a) operating at higher cycles of concentration and “zero dis-
charge”, b) using reuse water such as reverse osmosis concentrates,
and industrial discharges for makeup, and c) those operating in high
ionic strengths. In this context, treatment optimization includes pH
control and anti-scalant dosages.

The use of simple indices and prior art for modeling open recircu-
lating cooling systems can result in:

e pH prediction errors in excess of 0.5 pH units,

e acid requirement predictions off as much as 10X, and

e oross underestimates of sulfate contributed to the makeup and
recirculating water from acid feed.
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Assumptions on which historic simple index scale evaluations are
based can impact system operations by:

¢ Opverestimation of CaCO, scale potential

® Opverestimation of inhibitor requirement for CaCO,

e Establishment of lower concentration ratio controls when
CaCO, limited

e Under estimation of sulfate salt scale potential (CaSO *2H,O
BaSO, Sr80,)

e Establishment of out-of-range maximum cycles when sulfate
scale limited

A further complication of using simple indices for scale prediction
is errors in dosage requirements calculated from their use. Dos-
age models calculate the minimum effective anti-scalant dosage as
a function of parameters such as scale indices, temperature, and
time. The errors in indices will be translated directly into the dos-
age recommendations. The same errors can affect limits for inhibi-
tor performance. These errors can become significant when data
from low TDS systems is extrapolated to high TDS waters using
the simple indices.

The restrictions and limitations of historic modeling can be mini-
mized or eliminated by their replacement with an ion association
model speciation engine. The use of such tools is becoming com-
monplace on a user level in water chemistry areas such as cooling
watet, oil field brine chemistry, and reverse osmosis. In the past, so-
phisticated tools and calculation methods use was limited to univer-
sity researchers, large end users such as utilities and oil companies,
major water treatment service companies, high end consultants, and
smaller water treatment service companies willing to invest in tech-
nology to differentiate themselves from their peers.

A computer program for modeling an open recirculating cooling
water system might have the specific objectives of:

e Predicting and quantifying potential problems as a tower con-
centrates the make-up water.

e Determining the maximum cycles of concentration (aka con-
centration ratio) untreated, with pH control, and with scale
and corrosion inhibitor feed.

e Optimizing treatment rates.
Other potential objectives might include the evaluation alternative
make-up water sources and blends.

In achieving these objectives, the following must be included to re-
flect the operating system:

e The Physical System

e Make-up water ion concentration and chemistry as the water
cycles

e pH prediction and Control

e Speciation and Scale Prediction

e Corrosion rates and control requirements

e Residence Time

e Minimum Effective Dosage

Scale Prediction and the Concept of
Saturation

A majority of the indices used routinely by water treatment chem-
ists are derived from the basic concept of saturation. A water is
said to be saturated with a compound (e.g. calcium carbonate) if
it will not precipitate the compound and it will not dissolve any of

the solid phase of the compound when left undisturbed, under the
same conditions, for an infinite period of time. A water which will
not precipitate or dissolve a compound is at equilibrium for the
particular compound.

By definition, the amount of a chemical compound which can be
dissolved in a water and remain in solution for this infinite period
of time is described by the solubility product (Ksp). In the case of
calcium carbonate, solubility is defined by the relationship:

Equation 1 (Ca)(CO,) =Ksp
where

e (Ca) is the activity of calcium
e (CO,) s the carbonate activity
e Ksp is the solubility product for calcium carbonate at the tem-
perature under study.
In a more generalized sense, the term (Ca)(CO,) can be called the
Ton Activity Product IAP) and the equilibrium condition described
by the relationship:

Equation 2 IAP = Ksp

It can be shown that the Langelier Saturation Index is the base ten
logarithm of calcite saturation level based upon total calcium in
the water, an estimate of carbonate calculated from total alkalin-
ity, and the solubility product for the calcite polymorph of calcium
carbonate.2)5

The degree of saturation of a water is described by the relationship
of the ion activity product (IAP) to the solubility product (Ksp) for
the compound as follows:

e If a water is undersaturated with a compound: IAP< Ksp
(It will tend to dissolve the compound).

e If a water is at equilibrium with a compound: IAP= Ksp
(It will not tend to dissolve or precipitate the compound).

e If a water is supersaturated with a compound: TAP>Ksp
(It will tend to precipitate the compound).

The ratio called Saturation Ratio, Degree of Supersaturation, or
Saturation Level, describes the relative degree of saturation as a ra-
tio of the ion activity product (IAP) to the solubility product (Ksp):

Equation 3:
IAP

Ksp

Saturation Ratio

Equation 4:
Saturation Index

log10 (Saturation Ratio)

In actual practice, the saturation levels calculated by the various
computer programs available differ in the method they use for es-
timating the activity coefficients used in the IAP; they differ in the
choice of solubility products and their variation with temperature;
and they differ in the dissociation constants used to estimate the
concentration of reactants (e.g. CO, from analytical values for alka-
linity, PO, from analytical orthophosphate). G5

Table 1 defines the saturation ratio for common scale forming spe-
cies and provides the basis for their discussion in this paper. Simple
indices use analytical values for the ions, e.g. Ca. For example, by
definition, the Langelier Saturation Index is the base ten logarithm
of saturation level if calculated a) using analytical values rather than
free ion concentrations, b) using an alkalinity which is not corrected
for non-carbonate alkalinity, and ¢) using simple activity coefficients.
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Some programs will output a Sauturation Index rather than a Satu-
ration Ratio. The Saturation Index is be definition, the log10 of
Saturation Ratio.

Ion Association in Cooling Water and
Higher TDS Brines

Tons in solution are not all present as the free species. For example,
calcium in water is not all present as free Ca.*? Other species form
which are not available as driving forces for scale formation. Exam-
ples include the soluble calcium sulfate species, hydroxide species,
and bicarbonate - carbonates. Table 2 outlines example species that
can be present in a typical water.

Speciation of a water is time prohibitive without the use of a com-
puter for the iterative calculations required. The process is iterative
and involves:

1. Checking the water for a electroneutrality via a cation-
anion balance, and balancing with an appropriate ion (e.g
sodium or potassium for cation deficient waters, sulfate,
chloride, or nitrate for anion deficient waters).

2. Estimating ionic strength, calculating and correcting activ-
ity coefficients and dissociation constants for temperature,
correcting alkalinity for non-carbonate alkalinity.

3. teratively calculating the distribution of species in the wa-
ter from dissociation constants

4.  (a partial listing is outlined in Table 1).

5. Checking the water for balance and adjusting ion concen-
trations to agree with analytical values.

6. Repeating the process until corrections are insignificant.

7. Calculating saturation levels based upon the free concen-
trations of ions estimated using the ion association model
(ion pairing).

The use of ion pairing to estimate the free concentrations of reac-
tants overcomes several of the major shortcomings of traditional
indices. Indices such as the LSI correct activity coetficients for ionic
strength based upon the total dissolved solids. They do not account
for "common ion" effects.”” Common ion effects increase the ap-
parent solubility of a compound by reducing the concentration of
reactants available. A common example is sulfate reducing the avail-
able calcium in a water and increasing the apparent solubility of
calcium carbonate. The use of indices which do not account for ion
pairing can be misleading when comparing waters where the TDS is
composed of ions which pair with the reactants versus ions which
have less interaction with them.

When indices are used to establish operating limits such as maxi-
mum recovery or maximum pH, the differences between the use
of indices calculated using ion pairing can be of extreme economic
significance. In the best case, a system is not operated at as high a
recovery as possible, because the use of indices based upon total
analytical values resulted in high estimates of the driving force for a
scalant. In the worst case, the use of indices based upon total ions
present can result in the establishment of operating limits too high.
This can occur when experience on a system with high TDS water
is translated to a system operating with a lower TDS water. The high
indices which were found acceptable in the high TDS water may be
unrealistic when translated to a water where ion pairing is less sig-
nificant in reducing the apparent driving force for scale formation.

Langelier Saturation Index

1.6+
147

1.2

Mo lon Pairing Correction

High Chloride Water
lon Pairing Used

High Sulfate Water
lon Pairing Used

I r11n1r111,5.
Total Dissolved Solids
{Thousands)

Figure 1 Ion Pairing Reduces LSI
(Sulfate Effect Greater Than Chlorine)

(Ca)(COs3)
Calcium carbonate SL.=
Ke cacos
(Ba)(COs)
Barium carbonate SL= ——
Ksp Baco3
(Sr)(COs)
Strontium carbonate SL.=
Ksp sicos
(Ca)(504)
Calcium sulfate SL.=
Kqp casos
(Ba)(S04)
Barium sulfate SL=——
Ky Basos
(Sr)(S04)
Strontium sulfate SL=———
Kep ssoe
(Ca)’(POsy’
Tricalcium phosphate SL.=——
K casroap
(Ca)(F)’
Calcium fluoride L=
Ksp carz
(Mg)(OH)*
Magnesium hydroxide SL.=
K Mgrom2
Ha4Si04
Amorphous Silica SL=————
(H20)*Ksp sioz
Tables 1 and 2 were reproduced from Reference 3,
Ferguson, R.J., Computerized lon Association Model
Profiles Complete Range of Cooling System Parameters,
International Water Conference, 52nd Annual Mceting,
Pittsburgh, PA, IWC-91-47.

Table 1 - Saturation Level Formulas
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Figure 1 compares the impact of sulfate and chloride on scale po-
tential. The curves profile the calculation of the Langelier Satu-
ration Index in the presence of high TDS. In one case the TDS
is predominantly from a high chloride water. In the other case, a
high sulfate water is profiled. Profiles for the index calculated based
upon total analytical values are compared with those calculated with
ion association model free ion activities.

CALCIUM
[Calcium] = [Ca'"] +[CaS04] + [CaHCO: ") + [Cal0s] + [CalOH)™)
+ [CaHPOy] + [CaPOy] + [CaH:POL™Y)
MAGNESIUM
[Magnesiom] = Mg 7]+ [MgSO4] + [MgHCO:" + [MgC0s] + [Me(OH)"]
+ [MgHPOy] + [MgPO' [+ [MgH PO [+{MgF]
BARIUM
[Barium| = [Ba'"|+ [BaS0y] + [BaHCO4"] + [BaCOs] + [BafOH)Y"Y
STRONTIUM

[Strontium] =[S0 + [SrS04] + [STHCOy""] + [SrC0y] + [Sr(OH)']
SODIUM

|Sodium] = Ma'l)+ |NaSD;‘|j + [Maz50y] + [NaHCO] + [NaCD;“]
+ [NagCOs] + [MaCl}+[MNaHPOY
POTASSIUM

[Potassium] = [K''] +H{KSO¢" + [KHPOLT] + [KCI)

TRON

[Iron] = Fe'')+ [Fe' '] + [Fe(OH)") + [Fe(OH)""] + [Fe{OH): "]
+ [FeHPO4+1] + [FeHPOy) + [FeCI™™) + [FeCly™) + [FeCl)
+ [FeS04] + [FeS04') + [FeH:POy ™) + [Fe(OH:'] + [Fe(OH)]
+[Fe{OH) ] + [Fe{OH)z] + [FeHaPOs™)

ALUMINUM

[Aluminum] = [AI™Y) + [AROHM) + [ANOHR + [AKOH)Y) + [AFY] + [AIF;]

+ [AlF3] + [AIFS"] + [AISO.'Y + [AKSOu™

Total Analytical Value Free lon Concentration

to use in simple index calculation. Langelier noted the necessity of
correcting for non-carbonate alkalinity in his original paper.(1) He
also pointed out the desirability of including the impact of ion as-
sociation and common ion effects in all but low TDS waters. The
graphs in Figure 2 compare models with and without correction for
non-carbonate in an ammonia contaminated system.

Failure to correct for non-carbonate alkalinity when using simple
indices can result in the establishment of a much lower pH con-
trol point than is really necessary to minimize calcium carbonate
scale potential. The lower control point can increase the difficulty
in maintaining control in poorly buffered waters, and increase the
sulfate based scale potential of the water due to the higher sulfates
in the feedwater and brine. Ion association model saturation levels
corrects for the errors introduced by non-carbonate alkalinity and

high TDS and should be employed when available.(5)

ikt s Lt

~ CORRECTED

T
« B FE B E B
-

= Calcite saturation w Calcite saturation
! = Limit reached at . b Limit reached at .
| - 2020ycles * ] - 337Cycles !
.: — -.
T o6& & & i ;

Rawr Wiater 300 mgs/L “M" Alkalinity, 50 mgfL NH,
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Table 2: Example Ion Pairs Used To Estimate Free Ion Concentrations

Alkalinity Correction for Non-carbon-
ate Alkalinity

The use of simple indices can result in a much lower than required
pH control point for the following reasons. The scale potential
for calcium carbonate is over estimated in ammonia contaminated
systems when simple indices are used to estimate scale potential
and the alkalinity is not corrected for non carbonate alkalinity (e.g.
ammonia). It is important to remember that a total "M" alkalinity
titration measures the acid neutralizing capacity of the water, not
just the catbonate and bicarbonate contributions.!”

In neutral waters where carbonic acid equilibria is in complete con-
trol, simple indices such as the Langelier saturation index have their
minimum error. In this case:

Equation 5:

ANC =2.0*[CO,T] + [HCO,] +[OH] - [H']

The contribution of hydroxide to the Acid Neutralizing Capacity
(ANC) is negligible near pH 7. Carbonate and bicarbonate concen-
trations can be estimated with reasonable accuracy.

At higher pH, or when other alkalis such as ammonia are present:
Equation é:

ANC = 2.0 * [CO,7] + [HCO,] +[NH,] + [PO,] + [B(OH),]
+[OH7] - [H’]

Hydroxide becomes an increasing contributor to Acid Neutraliza-
tion Capacity as water pH increases above 7.0 . Ammonia and other

alkali contributions can lead to very high estimates of carbonate and
bicarbonate if the alkalinity (ANC) is not corrected for them prior

Figure 2: The Impact of Non-carbonate
Alkalinity Correction Upon Maximum Cycles

Acid Requirements in "Closed" versus
"Open" Systems

Most modeling programs limit themselves to open recirculating
cooling systems and assume free gas (CO,) exchange with the atmo-
sphere. This approach may be inappropriate for “once through” sys-
tems which are unvented and totally closed with respect to carbon
dioxide exchange with the atmosphere. Calculations performed for
"closed" systems assume that CO, produced by acid addition builds
up in the system. Calculations performed for "open" systems as-
sume that CO, produced by acid addition is removed from the sys-
tem. Figure 3 compares acid requirements, and the resultant sulfate
contributions, for pH control in a "closed" versus "open" system.
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Figure 3: pH Control in Closed versus Open Systems (R.O. example)
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In this case it can be seen that approximately five times is much acid
is required for an "open" system rather than for a "closed" system.
The difference is sufficient to create a calcium sulfate scale prob-
lem. Modeling software should be capable of treating a system as
"closed" or "open" to assure that sulfate scale potential is evaluated
accurately.

Kinetic Aspects

Thermodynamics tells you if a scale is likely to form. Thermodyam-
ics can also indicate how much scale is likely to form through indi-
cators such as "free ion" momentary excess, which describes the in-
stantaneous precipitation (or dissolution) required to bring a water
to equilibrium. Kinetics can tell you when the scale is likely to form,
and the rate at which it will form. As outlined in this section, the
thermodynamic and kinetic models are intimately related.

Saturation level calculations, and even simple indices, indicate
whether or not scale is likely to form, or dissolve, if left undisturbed
for an infinite period of time. Residence times in industrial systems
such as reverse osmosis and cooling systems are significantly less
than infinity. The thermodynamic based indices, such as ion as-
sociation model saturation ratios, tell you whether or not scale is
likely to form. Kinetics tell you when it is likely to form, and if it
will form before the water passes through the cooling system and
is safely discharged. A criticism of thermodynamic based indices is
that they only tell you what will happen at time equals infinity. This
section discusses induction time, its relationship to thermodynamic
based saturation levels, and the relevance of thermodynamic indices
under actual cooling water chemistry, temperature, and residence
times.

Induction Time: When reactants are mixed, a solution is heated,
cooled, undergoes a pressure change or is otherwise perturbed, the
impact of the environmental changes is not immediate. A finite
time passes before the perturbation affects any susceptible reaction.
In the case of scale formation, induction time can be defined as the
time before a measurable phase change (precipitation or growth)
occurs after perturbation. In a pure system, with only the reactants
present such as calcium and carbonate, or batium and sulfate, scale
formation might proceed as follows:

1. Aqueous calcium carbonate molecules congregate and
form larger and larger clusters.

2. The clusters grow to a critical size and overcome the "acti-
vation energy" needed for the change from the "aqueous"
to "solid" phase to occut.

3. The phase change is then observed. In the case of CaCO,,
pH drops as the salt changes phase, and the induction time
can be defined.

4. Crystals will then grow.

Induction time has been studied extensively for industrial processes.
In the case of sucrose crystallization, the objective is to minimize
induction time and maximize crystallization. In the case of scale
control, the objective is to extend the induction time until a water
has safely passed through the cooling system, or other process ad-
versely affected by scale. The induction time, in the absence of scale
inhibitors, has been modeled for common scales, including barite
(BaSO,) and calcite (CaCO,)."¥ Figures 4 and 5 are derived from
this, and related works by Mason Tomson and his graduate students
at Rice University.

Figure 4 profiles the untreated induction time for calcite in the prac-
tical operational range for calcite of 0 to 150x saturation. This range
was chosen because it is the effective range for most scale inhibitors.
The 150x saturation level limit is a commonly accepted upper limit

(e
2

for operation with common inhibitors such as phosphonates and
polymers. Figure 5 profiles the saturation level range for barite, 0
to 80x saturation.
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Figure 5: Induction Time vs Barite Saturation Level

It should be noted that the induction times for both calcite and bar-
ite are several orders of magnitude below the typical residence time
in open recirculating and many once through systems. As a result,
the use of the thermodynamic saturation ratios for predicting scale
is accurate and an acceptable practice in typical operating ranges.

Actual induction times in industrial systems will typically be lower
than those of a pure system. Existing "seed" crystals and depos-
its provide a substrate for crystal growth without the necessity for
achieving the "activation energy" for the initial phase change. In
other words, it is easier to keep a clean system clean than to keep
a dirty system from getting dirtier. Other factors can also decrease
induction time.

Although beyond the scope of this paper, it should be noted that
scale formation in membrane systems is typically "second ordet"
for bulk water precipitation. Once through systems, such as potable
water and utility condenser cooling systems, tend to be closer to
"first ordet" for growth on an existing substrate.!%!7

Dosage Optimization
Induction Time: The Key To The Models

Reactions do not occur instantaneously. A time delay occurs once
all of the reactants have been added together. They must come to-
gether in the reaction media to allow the reaction to happen. The
time required before a reaction begins is termed the induction time.

Thermodynamic evaluations of a water scale potential predict what
will happen if a water is allowed to sit undisturbed under the same
conditions for an infinite period of time. Even simplified indices of
scale potential such as the ion association model saturation index

CTI Journal, Vol. 40, NO. 2 ms——— O3
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can be interpreted in terms of the kinetics of scale formation. For
example, calcium carbonate scale formation would not be expected
in an operating system when the saturation index for the system
only slightly above 1.0 x saturation. The driving force for scale for-
mation is too low for scale formation to occur in finite, practical
system residence times. Scale would be expected if the same sys-
tem operated with a saturation index of 50. The driving force for
scale formation in this case is high enough, and induction time short
enough, to allow scale formation in even the longest residence time
systems. 2 Scale inhibitors don't prevent precipitation, they delay
the inevitable by extending induction time.(!*"-1?

Equation 7:

Induction Time = 1
k [Saturation Ratio - 1]7!

Where:

Induction Time is the time before crystal formation
and growth occurs;

k is a temperature dependent constant;
Saturation Ratio is the degree of super-saturation;

P is the critical number of molecules in a cluster priot to
phase change

Temperature is a second parameter affecting dosage and is repre-
sented by the temperature dependent constant k in formula 3. A
common concept in basic chemistry is that reaction rates increase
with temperature. The rule-of-thumb frequently referenced is that
rates approximately double for every ten degrees centigrade increase
in temperature. The temperature constant above was found to cot-
relate well with the Arrhenius relationship, as outlined in equation 8.

Equation 8: K= A e EaRT

Where:
k is a temperature dependent constant;

Ea is activation energy;
R is the Gas Constant;
T is absolute temperature.

Models for optimizing dosage demonstrate the impact of dosage on
increasing induction time. An example is profiled in Figure 6. Satu-
ration level and temperature impacts upon the dosage requirement
to extend induction time are depicted in figures 6 and 7. Factors
impacting the anti-scalant dosage required to prevent precipitation
are summarized as follows:

Time 7 The time selected is the residence time the inhibited wa-
ter will be in the cooling system. The inhibitor must prevent scale
formation or growth until the water has passed through the system
and been discharged. Figure 6 profiles the impact of induction time
upon dosage with all other parameters held constant.

Degree of Supersaturation 7 An ion association model satura-
tion level is the driving force for the model outlined in this paper,
although other, similar driving forces have been used. Calculation
of driving force requires a complete water analysis, and the tem-
perature at which the driving force should be calculated. Figure 7
profiles the impact of saturation level upon dosage, all other param-
eters being constant.
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Figure 7: Phosphonate Dosage vs Calcite Saturation Ratio

(at constant temperature and induction tine)
Temperature — Temperature affects the rate constant for the in-
duction time relationship. As in any kinetic formula, the temper-
ature has a great impact upon the collision frequency of the re-
actants. This temperature effect is independent of the effect of
temperature upon saturation level calculations. Figure 8 profiles the
impact of temperature upon dosage with other critical parameters
held constant.
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36000 pH ™ pH affects the saturation level calculations, but it also may af-
18000 fect the dissociation state and stereochemistry of the inhibitors(18).
& Inhibitor effectiveness can be a function of pH due to its impact
g g e 8 % - g 8 E E upon the charge and shape of an inhibitor molecule. This effect
mg/L phosphonate may not always be significant in the pH range of interest (e.g. 6.5 to
9.5 for cooling water).
Figure 6: Induction Time vs Phosphonate Dosage
(at constant temperature and calcite saturation ratio)
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Active sites It is easier to keep a clean system clean than it is to
keep a dirty system from getting dirtier. This rule of thumb may
well be related to the number of active sites for growth in a system.
When active sites are available, scale forming species can skip the
crystal formation stage and proceed directly to crystal growth.

Equation 9 adds the impact of inhibitor dosage on extending induc-
tion time to equation 7. The goal of the inhibitor dosage is to ex-
tend the time before precipitation until the treated water has passed
through the system and precipitation will no longer be a threat to
membrane life.

Equation 9:

.
Induction Time = inhibitor]

k [Saturation Ratio - 1]7!

Other factors can impact dosage such as suspended solids in the
water. Suspended solids can act as sources of active sites and can
reduce the effective inhibitor concentration in a water by adsorption
of the inhibitor.

State-of-the-art RO modeling software should incorporate the abil-
ity to optimize dosages for all of the scales expected.

Inihibitor Upper Limits

Scale inhibitors have upper limits and are not effective above satura-
tion level driving force, regardless of the inhibitor dosage. Table 3
outlines generally accepted limits for inhibition of scales by stan-
dard commercially available inhibitors. Limits are provided for both
standard inhibitors and for those formulated for extreme, "stressed"
conditions.

TYPICAL STRESSED
MINERAL SATURATION | TREATMENT

SCALE FORMING SPECIE FORMULA NAME RATIO LIMIT | LIMIT
Caleium carb CaCO3 Calcite 135-150 200- 225
Calcium sulfate Ca504*2H;0 2.5-40 4.0 +
Barium sulfate BaSOy Barite 80 80+
Strontium sulfate Sr50s Celestite 12 12
Silica Si0; Amorphous silica 12 25
Tricalcium phosph Cas(PO): 1500- 2500 | 125,000

Table 3: Treated Limits Comparison

Inhibitors have an upper driving force that they can handle. Once
this upper limit is reached, even increasing inhibitor dosage drasti-
cally will not provide scale control.

Upper limits can be determined by a series of induction time test at
various saturations and dosages. The limit is the last saturation ratio
where scale could be controlled. Ohers may use a pilot system and
recovery increased until scale control cannot be achieved regardless
of inhibitor dosage.

A “Progressive Carbonate Test” can be used to estimate upper lim-
its in a reasonable period of time for calcium carbonate.(18) Two
solutions were prepared for the test:

e An anion solution of bicarbonate and carbonate.

e A cation solution of calcium.
The scale inhibitor, or blend being tested is included in the anion
solution. No inhibitor is added for the blank, untreated, tests.

The test is initiated by mixing the cation and anion solutions. pH is
monitored as anion solution is added to the mixture. The additional
anion solution increases carbonate, pH, and the calcium carbonate
saturation ratio. The upper limit for the inhibitor is indicated by loss
of control, and a drop in pH as calcium carbonate precipitates. The
solution is also observed for turbidity. Figure 9 profiles a typical plot

of pH as the solution is “titrated” to the upper saturation limit for
the inhibitor.

Care must be taken in the experimental design so that the solubility
of inhibitor salts does not interfere, such as through the forma-
tion of Ca-HEDP. The time for the test must also be less than the
treated induction time to prevent precipitation other than that from
exceeding the upper limit. Similar procedures can be used to esti-
mate and compare upper limits for other scales, e.g. a Progressive
Sulfate test.
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Figure 9: Example Progressive Carbonate Test Plot

Inihibitor Dissociation

The dissociation state of a scale inhibitor has a significant effect
upon inhibitor efficacy. The dissociated form of the inhibitor has
been demonstrated to be the active species responsible for scale
control in industrial water treatment. Basing treatment dosages
upon the active specie, rather than total inhibitor concentration, al-
lows for improved accuracy of dosage models, and an increased
effectiveness of treatment optimization. A knowledge of the dis-
sociation constant for scale inhibitors is necessary to calculate the
active specie fraction of the total inhibitor dosage. The pK for
inhibitors decreases, and active fraction present increases with in-
crease in temperature, increase in ionic strength (TDS), and as pH
increases. The relationships can be quantified using standard chem-
istry calculations for weak acids and the properties profiles for vari-
ous inhibitors measured using standard analytical techniques."?

Equations 10, 11 and 12 plot «, the dissociation fraction, versus pH,
and provide the basis for calculating the dissociated and protonated
inhibitor specie concentrations. A rigorous calculated procedure
can be found in Ferguson, 2015.

By definition, pK is the pH where 50% of the acid for a given
dissociation step will be in the protonated form, and 50% in the
dissociated form. Knowing the pK_ for the final dissociation step
of an inhibitor can be critical when the dissociated and protonated
forms have significantly different efficacy as inhibitors. A conserva-
tive method for employing the dissociation state is to assume that
the dissociated inhibitor concentration for the final step is the active
species.

Equation 11 can be used to calculate the dissociated and proton-
ated inhibitor form concentrations, so that inhibitor models can be
developed using correlations to the active (dissociated) form rather
than the total inhibitor concentration.

cnr CTI Journal, Vol. 40, No. 2




H-Inhibitor <--> H* + Inhibitor -
K, = {H*} {Inhibitor-}/{H-Inhibitor}
pK, = - log10(K,)

Equation 10:
Equation 11:
Equation 12:
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Figure 10: HEDP Distribution of Species
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Figure 11: AA-AMPS Distribution of Species

Figures 10 and 11 profile the dissociated and protonated form con-
centrations for two common inhibitors HEDP, and AA-AMPS. Tt
should be noted that the phosphonate HEDP is over 90% dissoci-
ated in the pH range of interest for membrane systems, while the
copolymer AA-AMPS is predominantly in the inactive protonated
form in the pH range of interest.

Figures 12, 13 and 14 demonstrate the importance of developing
models to the active inhibitor form, rather than the total inhibitor
concentration.

Figure 12 compares the predicted and observed minimum effective
dosages calculated using a model developed using a form of Equa-
tion 9, and the total inhibitor concentrations. Note the three distinct
scatter curves.

The data was developed in jar tests at pH 7, 8 and 9. Adding pH
to the model increased the correlation significantly as depicted in
Figure 13.

Correlating to the dissociated active state dramatically increased to
goodness of fit as can be seen in Figure 14.

@CTI Journal, Vol. 40, No. 2
[ =

Figure 13: pH Added to Model
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Figure 14: Correlated to Dissociated Form

Inihibitor Synergy

It has been known that blending inhibitors can increase the upper
limit. The combination of a phosphonate and polymaleic anhydride
(PMA), for example, has been observed to raise the upper limit well
above that of the phosphonate alone. Not all combinations or ra-
tios show this positive effect. Possibilities for the impact of inhibi-
tor blends on the upper limit include:
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e The limit for the blend would be the lower of the limits for the
inhibitors in the blend
e The limit would be a weighted average of the limit for each
inhibitor when applied alone.
e The limit would be the higher of the limits for the individual
inhibitors in the blend.
e The new limit would be higher than the limit for any of the
inhibitors in the blend.
A laboratory study reproduced the impact of polymaleates ob-
served in field applications when blended with PBTC, and for the
phosphonate blend of HEDP and ATMP . The study measured the
upper saturation ratio limit for calcium carbonate for the individual
inhibitors, and when blended in various ratios.(20) Two solutions
were prepared:

e An anion solution of bicarbonate and carbonate.

e A cation solution of calcium.
The scale inhibitor, or blend being tested is included in the anion
solution. No inhibitor is added for the blank, untreated, tests.

The test is initiated by mixing the cation and anion solutions. pH is
monitored as anion solution is added to the mixture. The additional
anion solution increases carbonate, pH, and the calcium carbonate
saturation ratio. The upper limit for the inhibitor is indicated by loss
of control, and a drop in pH as calcium carbonate precipitates. The
solution is also observed for turbidity. Figure 10 profiles a typical
plot of pH as the solution is “titrated” to the upper saturation limit
for the inhibitor.

Care must be taken in the experimental design so that the solubility
of inhibitor salts does not interfere, such as through the forma-
tion of Ca-HEDP. The time for the test must also be less than the
treated induction time to prevent precipitation other than that from
exceeding the upper limit.

In Search Of Upper Limit
Synergy: Results

PBTC:PMA Combination:

The combination of PBTC and PMA demonstrated the most dra-
matic impact of blending upon the upper saturation limit, as de-
picted in Figure 16. As the blend ratio in the test goes from polymer
only to phosphonate only, there appears to be a drop in the upper
limit at high polymer to PBTC ratios, possibly indicating an antago-
nistic effect when the polymer is the primary inhibitor. The upper
limit failure point increases to a maximum at a ratio of 3 to 1 PBTC
to polymer, with the upper limit of the higher ratios indicating a
synergy between the PBTC and lower levels of PMA. This trend
has been observed in field applications.

Antagonism might occur as a result of polymer adsorbing near
newly formed active sites and blocking the PBTC from nearby ac-
tive sites, or by changing the surface charge to decrease attraction.
In this case, the upper limit for the blend would be expected to have
a lower limit than either inhibitor alone.

Synergy might occur as a result of polymer attaching near newly
formed active sites and by changing the surface charge to increase
the attraction of PBTC to nearby active sites. In this case, the upper
limit for the blend would be expected to have a higher limit than
either inhibitor alone.

400
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Figure 15: Impact of Polymer to Phophate Ratio
Upon Maximum Saturation for Enhanced PMA and PBTC

Concentration Cells

Concentration cells are a phenomena whereby ion concentrations
in the boundary layer at water tube-wall interfaces, for example, are
projected to be higher than those of the bulk water. This effect is
similar to concentration polarization in reverse osmosis systems.!¥

Concentration cells can, in theory, affect all concentration depen-
dent calculations including:

° pH;

® jon concentrations;

e concentration ratio limits for treated and untreated conditions;

e maximum cycles based upon antiscalant saturation ratio upper

limit;

e dosage.
In practice, the residence time of water in the boundary layer is
insignificant with respect to its impact on dosage calculations. The
much longer residence time at the lower bulk water saturation

level provides a dosage higher than is required for the higher satura-
tion level, much, much shorter residence time in the boundary layer.
The exception to this observation is the case where the saturation
level in the boundary layer will exceed the antiscalant maximum sat-
uration level limit. For example, if a calcite inhibitor has a saturation
level upper limit of 150x saturation, and the projected boundary
layer saturation level is 175x, cycles should be decreased, and/ot
pH decreased so that the projected boundary layer saturation level
is under 150x saturation.

Application Of The Models

Figures 16 and 17 profile calcite scale potential and dosage require-
ments for a common commercial inhibitor, 30% active polyacrylic
acid. The model incorporates cut-off limits beyond where the in-
hibitor is unable to prevent scale. Limit summaries assist in assuring
that a treatment scheme will handle all potential scales at the target
operating pH and recovery. Table 4 summarizes the status for the
treatment at four (4) cycles and a pH of 8.4
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Table 4: Treatment Status at ph 8.9 and 130 °F

Figure 17: Inhibitor Dosage Profile

A program should also include the capability of checking current
saturation ratio versus the upper limit for the current treatment.
This allows a user to determining why a graph is turning a warning
color, and to check how close a system is operating near the treat-
ment limits.

Comparing “Actual” to “Theoretical”
Recirculating Water Chemistry

Summary printouts provide useful tools for evaluating scale precipi-
tation and accuracy of projections for pH, and recirculating water
chemistry. A comparison of the “Actual” measured water chemistry
to the calculated “Theoretical” recirculating water chemistry pro-
vides insight into accuracy of pH predictions and acid feed, and
precipitation.

The “Theoretical” value is what would be expected at the target
concentration ratio. For example, if the makeup calcium concen-
tration in 36.4 mg/L as Ca, 182 mg/L would be expected at a con-
centration ratio of 5.0 If a significantly lower concentration is ob-
served, and other values are in line, calcium precipitation might be
expected, Check “theoretical” versus “actual” alkalinity to check on
CaCO, precipitation, or check “theoretical” versus “actual” SO, to
check on CaSO, precipitation.

WATER CHEMISTREY SUMMARY AT 5.0 CYCLES

WATER CHESESTRY SCALE POTINTRIAL AND COMTRON
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Table 5: Water Chemistry Summary at 5.0 CyclesO

Table 5 summarizes the chemistry for a Great Lakes water at a con-
centration ratio of 5.0 (five).

Summary

Classic cooling water models lack accuracy as TDS, pH, and alkalin-
ity increase due to the use of simple indices that are accurate only
at low TDS and near neutral pH. They suffer from the same short-
comings pointed out by Langelier in 1936.

State-of-the-art calculations include calculation methods which
overcome the limitations of prior art and allow accurate model-
ing in high TDS systems including those for water reuse and zero
liquid discharge. Refinements provided include corrections for non-
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carbonate alkalinity, the use of free ion concentrations and activities
for driving force calculations. They also provide options for treating
systems “Closed” or “Open” with respect to carbon dioxide equi-
librium with the atmosphere to improve the accuracy of carbonate
equilibria and pH adjustment calculations.

Dosage models are available or can be developed for new inhibitors,
that allow accurate prediction of dosage requirements and treat-
ment failure points. State-of-the-art inhibitor models for minimum
effective dosages should be correlated to the dissociated (active)
form of the inhibitor molecule(s) rather than to the total inhibitor
concentrations. Tests such as the Progressive Carbonate Test can
be used to determine the upper saturation ratio limit for individual
inhibitors as well as blends. Inhibitor ratios can be optimized in
blends to achieve a synergy and highest saturation ratio limit.

The same methods used to model the scale potential for mineral
scale forming species can also be applied to inhibitor solubility.
Dosage models can also be developed for controlling inhibitor pre-
cipitation in the presence of high cation concentrations.

Application of technologies from high TDS related water treatment
applications such as oil field chemistry, can be successfully adapted
and applied to upgrading the modelling of scale formation and con-
trol in cooling water systems as long as application specific charac-
teristics and algorithms are employed in the models.

References

1. Langelier, W.E, The Analytical Control Of Anti-Corro-
sion Water Treatment, JAWWA, Vol. 28, No. 10, p. 1500-
1521, 1936.

2. Ryznar, J W, A New Index For Determining The Amount
Of Calcium Carbonate Scale Formed By Water, JAWWA,
Vol. 36, p. 472, 1944.

3. Sdff, Jr., H.A,, Davis, L.E., A Method For Predicting The
Tendency of Oil Field Water to Deposit Calcium Carbon-
ate, Pet. Trans. AIME 195;213 (1952).

4. Oddo, J.E., Tomson, M.B.,Scale Control, Prediction and
Treatment Or How Companies Evaluate A Scaling Prob-
lem and What They Do Wrong, CORROSION/92, Papet
No. 34, (Houston, TX:-NACE INTERNATIONAL 1992).

5. Ferguson, R.J., Computerized Ion Association Model
Profiles Complete Range of Cooling System Parameters,
International Water Conference, 52nd Annual Meeting,
Pittsburgh, PA, IWC-91-47.

6. W. Chow, J.T. Aronson, W.C. Micheletti, Calculations Of
Cooling Water Systems: Computer Modeling Of Re-
circulating Cooling Water Chemistry, International Wa-
ter Conference, 41rst Annual Meeting, Pittsburgh, PA,
IWC-80-41.

7. Johnson, D.A., Fulks, K.E.,Computerized Water Modeling
In The Design And Operation of Industrial Cooling Sys-
tems, International Water Conference, 41rst Annual Meet-
ing, Pittsburgh, PA, TWC-80-42.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Truesdell, A.H., Jones, BT, WATEQ - A Computer Pro-
gram For Calculating Chemical Equilibria Of Natural Wa-
ters, J. Research, U.S. Geological Survey, Volume 2, No. 2,
p. 233-248, 1974.

Musil, R.R., Nielsen, H.J., Computer Modeling Of Cool-
ing Water Chemistry, International Water Conference,
45th Annual Meeting, Pittsburgh, PA, IWC-84-104.
Werner Stumm and James ]. Morgan, Aquatic Chemistry,
John Wiley & Sons, Inc,, New York, 1996, pp 138 - 140.
Gill, J.S., Anderson, C.D., Varsanik, R.G., Mechanism
Of Scale Inhibition By Phosphonates, International Wa-
ter Conference, 44th Annual Meeting, Pittsburgh, PA,
TWC-83-4.

Amjad, Z., Masler,III, W.E, The Inhibition Of Calcium
Sulfate Dihydrate Crystal Growth By Polyacrylates And
The Influence Of Molecular Weight, CORROSION/85,
Paper No. 357, Houston, TX: NACE INTERNATION-
AL, 1985).

Ferguson, R.J., Developing Scale Inhibitor Models, WA-
TERTECH, Houston, TX, 1992.

Byrne, Wes, Reverse Osmosis A Practical Guide For In-
dustrial Users, Tall Oaks Publishing, Inc., Littleton, CO,
2002, pp 158, 457 - 458.

Tomson, M.B., Fu, G., Watson, M.A. and A.T. Kan,
"Mechanisms of Mineral Scale Inhibition, Society of Pe-
troleum Engineers, Oilfield Scale Symposium, Aberdeen,
UK, 2002.

Ferguson, R.J., A Kinetic Model for Calcium Carbon-
ate Scale, CORROSION/84,Paper No. 46, (Houston,
TX:NACE INTERNATIONAL 1984).

Ferguson, R.J., Thirty Years of Ultra Low Dosage Scale
Control , CORROSION/2003,Paper No. 063, (Houston,
TX:NACE INTERNATIONAL 2003).

Ferguson, R.J., Standish, C., “Developing Realistic Labora-
tory Test Methods and Models: CaCO3,” Association of
Water Technologies, 2017.

Ferguson, R.J,, Standish, M., “The Impact of Inhibitor
Speciation on Efficacy: pH, Ionic Strength and Tempera-
ture Impact,” Association of Water Technologies, 2015.
Ferguson, R.J,, Standish, C., “In Search of Synergy,” As-
sociation of Water Technologies, 2016

i

K's7 7 4 CTI Journal, Vol. 40, No. 2

L —



Attention Owner/Operators
of Heat Transfer Systems™*!

(*Water Cooling Towers, Air Cooled Condensers,
Evaporative Condensers and Fluid Air/Evaporative Coolers )

Benefits of CTI Membership:

Networking with industry peers/experts in all aspects of heat rejection equipment, including water
treatment, mechanical equipment, structural design and testing/certification procedures.

©

+ Exclusive access to the Owner/Operator Council which provides a forum to meet with other
Owner/Operator’s to discuss problems and issues related to your specific operation.

The knowledge gained can help set priorities for solving specific problems. Industry standards and
guidelines optimize the operation, maintenance of the equipment; maximizing value for the
Owner/Operator.

+  Two CTl meetings a year, an Annual Conference and Summer Committee Workshop. The Annual Confer-
ence includes the presentation of Technical Papers, Owner/Operator Seminar, Education Seminar, Com-
mittee Meetings and a Technical Exchange Exhibition.

« CTI Annual Conference provides a platform to publish and present technical papers.

+  CTI offers an opportunity to all members to participate in developing standards and guidelines for
their industry.

Become a Member of the Cooling Technology Institute (CTI)
Visit www.CTl.org to Sign UP

At the Owner/Operator Council meeting an attendee told us:
“it helped solve a recurring problem which saved the company over $100,000.”




46

Utilizing New Technology to Provide

Comprehensive Asset Management
for Cooling Tower Maintenance

Glenn Schaefer and Eric Koehler
Structural Technologies

Introduction

For illustrative purposes, the bulk of this paper will
consider the exterior concrete shell of a cooling tow-
er in our examples. Cooling tower assessments / in-
spections are recognized as a practical and necessary
aspect of regular monitoring of the structure’s condi-
tion. Historically, these inspections and assessments
have produced “snap-shots” in time that document
the current condition with a focus on safety (i.e. fall-
ing concrete hazard) and conditions that are related
to long term performance (i.e. spalling and corrosion
of embedded reinforcement). Since these inspec-
tions traditionally required considerable time on site
and complex rigging of swing stages and work platforms, they were
often expensive and typically have to coincide with shut-downs. As
a result, regular periodic assessments / inspections were not always
the norm. Finally, there was little thought given to what could be
done with the data / information gathered other than to produce
an archival report and execute repairs on the highest priority issues.

Background
Cooling towers are massive vertical structures that impose chal-
lenges when a condition assessment or inspection is performed.
Traditionally, highly specialized skills, specialized equipment, and
significant time are required to inspect these structures. But, new
technologies are emerging which address these challenges, while im-
proving safety, saving time, and reducing cost.

Reinforced concrete elements have a limited service life and must
be inspected periodically. These inspections evaluate the condition
of structures and provide the basis for the development of a main-
tenance and repair plan. Often, these assessments are primarily per-
formed by visual inspection techniques, a Non-Destructive Testing
(NDT) method which provides useful information related to the
condition of the structure (existing cracks and other damage).

Using traditional approaches for visual inspections, investigators /
engineers must be in close physical proximity to the concrete sut-
face of the cooling tower to perform a detailed examination. This

Glenn Schaefer

typically entails rigging the cooling tower with swing
stages or other work platforms from which the in-
spection can be performed. As the surface area that
is to be directly inspected increases, swing stages
need to be moved, adding cost and time to the over-
all effort. Ultimately, using this method, the inspection
is limited to the selected areas of the structure that are
accessed, many man-hours have been spent traveling,
rigging, and inspecting, and specialized access equip-
ment have been utilized.

Inspections Using Drone
Photography

Recent advancements in technology, such as high-
resolution imagery captured using drones, can pro-
vide more comprehensive inspection coverage in less time at a
lower cost, while improving safety. In fact, the approach we use
takes drone photographic capture a step further by integrating pho-
togrammetric imaging and 3D modeling technologies into our in-
spection process workflow. We believe this integrated technology
approach improves the efficiency and cost effectiveness of cooling
tower inspections.

Photography-based aerial drone inspections capture the entire
structure. In addition to providing supporting data for the inspec-
tion report, photographs and models can be stored and retrieved
for historical asset management, repair assessment, and other time-
condition reporting, An additional benefit is that the 3D point cloud
produced from the drone photographs can be used to generate
CAD drawings, BIM Models, and other measurement analytics.

Advancements are taking the outputs from these assessments and
moving past standard static reporting and into 3-D graphic model-
ing which can also be used in repair design and integrated quality
assurance during repairs to create an asset management approach
for cooling tower infrastructure maintenance.

Drone Photo of Cracks and Corrosion at 400'

Drone Inspection Work Flow

The typical process workflow applied to photographic drone in-
spections is designed to optimize results, minimize time and reduce
risk. The objective of the drone photography mission is to cap-
ture high resolution, high quality photos that can be used for the

following;:

@ CTI Journal, Vol. 40, No. 2
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1. Photographic inspection of the entire structure

2. Produce photo-realistic 3D models

3. Generate accurate point cloud data
These outputs enable efficient analysis by Subject Matter Experts
(SMEs) and the production of a comprehensive and accurate in-
spection report.

1. Evaluate Airspace and Regulation Compliance

a. The FAA controls all airspace in the US

b. Unmanned Aircraft Systems (like manned aircraft)
must comply with FAA regulations, which specify
how and where aircraft can operate.

c. Special rules exist in some cities, federal properties,
public gatherings, and national security facilities.

d. Employees at the facility where the drone inspection
will occur should be notified, since flight over people
is prohibited.

2. Analyze Subject Structure
a. Dimension of subject structure
b. Adjacent structures
3. Select Appropriate Equipment
Drone
Camera
Lens
Storage and Review Equipment
GPS/Ground Control points
4. Plan Mission
a. Review objectives
i. Inspection and/or modeling
ii. Specific elements of interest
b. Review site assessment
Review structural drawings
d. Confirm mission objectives
1. Mapping
ii. Modeling
iii. Measuring
iv. Inspecting
Determine flight paths
Calculate minimum and maximum altitudes
Set optimal camera angles
Set optimal overlaps
i. Determine if flight will be automated or manual
5. Conduct Preliminary Reconnaissance Flight
a. Establish actual location
b. Establish/confirm precise height
c. Scan for obstacles (locations and heights)
6.  Review Mission
a. Confirm min/max altitudes are appropriate
b. Confirm all flight parameters
c. Verify flight and photo parameters are correct
7. Fly Mission and Capture Images
a. Automated
b. Manual
c. Both
8.  Review Images
a. Review photos before leaving site
b. Back up images
c. SME acceptance
9. Upload Images for Modeling and Storage
It can be noted that while photography provides a visual record
for analysis and modeling which is explained below, the drone is
basically a flying platform. Other remote sensing technologies such
as LIDAR or Thermal Imaging can be mounted to the drone and
similar data capture processes apply.

o oo Te

50 o

3D model of cooling tower

Application

The use of drones to capture high resolution imagery of difficult to
access structutes is not new, but the sophistication of drones them-
selves and image captute technology is rapidly advancing. When the
use of drones in this type of application was first implemented,
the output consisted of hundreds, if not thousands, of individual
photographs. While these early attempts at capturing 100% visual
coverage of a structure accomplished the basic objective, the indi-
vidual photographs were not usefully geolocated, so the position of
any observed defect/distress feature was difficult to determine. In
addition, the relationship of individual photographs to each other
was not always well understood. Hence, while providing documen-
tation, as an analysis tool, the approach was somewhat lacking,

Capturing data, in this case the photographic imagery, is just one
aspect of the assessment process. The more complicated and criti-
cal question is what does one do with that data / imagery to create
a useful tool for further analysis. Individual images capture small
discrete areas of a large structure. The challenge is how to combine
these individual pieces into a complete and accurate representation
of a structure. This can be accomplished using advanced pho-
togrammetric technology that combines all the individual photo-
graphs to create a photo-realistic 3D model. (see Figure 1)

Note the small frustums around the model. They represent the lo-
cations of the camera while taking each individual photograph. This
allows for the determination of the location of any image or spe-
cific defect feature within the image. The model can be rotated and
tilted to provide detailed views from all angles and the model can
be zoomed into for close-up views of particular features. The im-
age clarity of the 3D model itself allows for identification of many
damage features. And, the model is interactive - any area of interest
can be clicked upon and its closeup inspection-grade photo will au-
tomatically appear for detailed review and interpretation (see Figure
2 for an example of the resolution associated with an inspection
grade photo). In addition, the 3D modeling softwate incorporates
features that enable tagging and measurement of defects / areas of
distress, facilitating reporting and repair cost estimates.

@CTI Journal, Vol. 40, NO. 2  m—————————————— *
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Figure 2 — Inspection-grade photo from 3D model

Tagging of defects is an important component of an asset man-
agement approach for large civil structures. Since an inspection /
assessment is a snapshot in time, a traditional written assessment
report is not a living document. Its photographs and report are
often filed away for archival purposes and there is not an easy way
to update the document with changes in condition or repairs that
have been executed. As a result, at some future time, when it is ap-
proptiate to repeat an assessment / inspection of the structure, it is
difficult to compare that previously created static document to new
information gathered.

However, our 3D model approach is dynamic. It provides a tool
for tagging, defining, and quantifying defects, while enabling “real-
time” tracking of repairs and changes in condition over time.

When concrete repairs are executed, additional “layers” of the
model can be activated to capture the details associated with the
repairs. This information may include, but is not limited to: date,
time, repair details, materials used, documentation (photos) of pro-
cess steps such as surface preparation and the completed repair area
itself. All of this information is located within tags stored directly
on the model so repair history is well understood. The tagging
also permits an evaluation of the progression of repairs over time,
ensuring the model is always current. Former defects that have
been repaired can be placed in the background of the model for
reference purposes leaving only current (or to be executed) defects
active.

The 3D model also allows for unbiased monitoring of changes in
condition (ongoing / continued degradation) over time. When a
new assessment is conducted, investigators can use the existing 3D

model to update the condition and integrate new drone captured
imagery. Since their locations and sizes are stored on the model,
previously executed repairs and defects can be referenced and com-
pared to updated sizes or severity to determine if (or how much)
they have worsened. New defects or areas of concrete distress are
also easily identified.

Clearly, the use of drone captured imagery is purely visual in nature.
It does not replace the need to occasionally perform direct tactile
investigations or physical testing to assess conditions. However, in
our experience, we have found that the use of drone imagery and
3D modeling provides insights as to when these more detailed in-
spections should be scheduled (rather than an arbitrary approach of
every number of years). Drone imagery and 3D modeling also help
optimize the detailed inspection by directing investigative teams to
those locations that are of highest importance, rather than simply
performing several evenly spaced swing stage drops. In short, the
use of drone captured imagery and 3D modeling provides a cost
effective, efficient, and innovative approach to understanding and
monitoring the overall condition of large structures.

Understanding and documenting the overall condition of large
structures is one component of asset management. Intervening at
strategic points in an asset’s normal life cycle to extend the expected
service life is also an aspect of asset management. To accomplish
this, an understanding of the future condition is also required so
the timing of these interventions can be planned for and budgeted.
For concrete structures, advances in service life analysis allow for a
more sophisticated and accurate prediction of future performance.

Corrosion of embedded steel is one of the primary causes of re-
inforced concrete distress. Many instances of concrete distress
(i.e. spalling and cracking) are often the result of corrosion activity.
Since the corrosion product (rust) occupies more volume than the
original steel, tensile forces are generated which are greater than
the tensile strength of the concrete. Prediction of when corro-
sion will initiate and propagate can provide valuable guidance on the
timing of intervention. Second generation models represent the
most recent developments in ionic transport modeling and numeri-
cal solutions. Finite-element calculations can model the ingress of
chloride and other ion species, that contribute to corrosion, under
different types of environmental conditions. The model also con-
siders the complex interactions between contaminants penetrating
the porous network of concrete and the hydrated phases of the ce-
ment paste. Specialized testing of concrete core samples generates
data that can be used to characterize the ion and moisture ingress
properties. With this information engineers can provide a better
evaluation of the extent of chloride ingress and other contaminants
in a structure during its service life. Hence, the appropriate timing
to perform inspections, apply protective or mitigating treatments, or
other maintenance activities can be scheduled and budgeted as part
as an asset management program.

Conclusion

Advances in technology, such as drone based image capture and
3D modeling, permit the streamlining of inspection / assessment
services to provide insights into the current condition of large con-
crete structures. This technology also provides reporting, history,
and data that is more useful, interactive, and aligned with the tenets
of a longer-term asset management program. Advances in service
life prediction techniques using sophisticated modeling help frame
the future performance of structures. When used in combination,
a change from the reactive approach to the predictive approach for
asset management can occur. This systematic approach for orga-
nizing and implementing activities related to planning, maintaining,
repairing, rehabilitating and ultimately replacing structures results in
an improved sustainable structure.

CTI Journal, Vol. 40, No. 2
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Reclaim Water for Cooling Tower

Makeup; Not as Simple as Perceived

Ray Post, P.E., and Brad Buecker
ChemTreat

Abstract

Growing emphasis, and rightly so, is
being placed on water recovery and
reuse to help sustain our planet’s
water supplies. By choice or man-
date, design engineers for many new
industrial plants are selecting alterna-
tives to fresh water for plant make-
up, with an increasingly common
choice being effluent from a publicly
owned treatment works (POTW).
These waters go by various names
including reclaim water, grey water,
purple-pipe water, and so forth. Regardless, virtually all reclaim wa-
ters contain elevated concentrations of ammonia, nitrate, organics,
phosphate, and suspended solids, all of which, if left untreated, can
lead to a nightmare scenario of microbiological fouling in cooling
towers and cooling systems; a point that is sometimes not empha-
sized enough to those designing new facilities or switching supplies
at existing plants. But with proper pre-treatment and cooling wa-
ter chemical treatment, these waters can successfully be utilized for
cooling water makeup. Methods to prepare this water for use in
cooling systems include biological treatment of the makeup, consis-
tent and reliable biocide feed to the recirculating water, and use of
non-phosphorus treatment for scale/corrosion control in place of
the phosphate/phosphonate programs of the past. The latter has
also been gaining impetus due to concerns about the environmental
impacts of phosphorus discharge to lakes and rivers.

The Complexity of Keeping Cooling
Systems Clean

Experienced personnel know that cooling systems provide an ide-
al environment, warm and wet, for microbiological fouling, even
with clean fresh water as the makeup. But the mindset that “water
is water” continues to persist among many design engineers and
plant operators. An example from author Buecker’s recent history
is a case in point. It involved a project in which secondary-treat-
ed POTW effluent was chosen for makeup to a combined-cycle
power plant, most of it to supply the plant cooling tower. The
design engineers originally selected just standard clarification (for
suspended solids removal) as pre-treatment for the plant makeup.
Their thought was that a more sophisticated pre-treatment scheme
would make the overall project bid non-competitive. When the an-
ticipated cooling tower makeup water quality was given to a major
tower manufacturer, the firm’s personnel quickly replied that film
fill could not be utilized in the tower due to the fouling potential,
and that the tower would have to be designed with splash fill. The
increase in tower size would have raised the cost by neatly eight
figures. This was a real eye-opener for the engineers, who then real-
ized that their water group co-workers had been correct in insisting
on more robust pre-treatment.

Brad Buecker

The key point, which the remainder of this paper examines, is that
the concept of water reuse, while being environmentally beneficial,
cannot be taken lightly when it comes to design and operation of
industrial water systems.

Figure 1. Fouled cooling tower film fill.

Reclaim Water Chemistry

As can be imagined, wastewater, even after having been processed
in a treatment plant, contains a number of impurities in higher con-
centrations than exist in the fresh water supplies from which the
water originally came. The table below outlines the primary constit-
uents from several different water sources, both fresh and reclaim,
around the United States.
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Table 1. Comparison of Several U.S. Waters
(Values apart from pH and Conductivity are in units of mg/1)
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For purposes of this discussion, compare the surface water sup-
plies from Mineral, Virginia; Cartersville, GA; Oak Ridge, TN; and
Lansing, MI with the grey water supplies from McAllen, TX; For-
ney, TX; Sonora, MX; and Pittsburg, CA. Easily distinguishable in
the grey water are the much higher concentrations of the major
cations (calcium, magnesium, potassium, sodium), anions (chloride,
nitrate, phosphate, sulfate), and, of course, conductivity. Ammonia
in surface waters is typically inconsequential, but for grey water is
often in the double digits as mg/1, as illustrated by the Sonora and
Pittsburg waters, unless the POTW employs a nitrification facility
to convert the ammonia to nitrate. Not shown is Total Organic Car-
bon (TOC), which is also typically much higher than in fresh water,
even in POTWs that have effective tertiary treatment.

So, with untreated POTW effluent as makeup, the cooling system
would receive plenty of organic food, and the nutrients nitrogen
and phosphorus. With regard to phosphorus, many cooling tow-
ers still operate on phosphate/phosphonate chemistry, and thus the
argument could be made that POTW influent does not introduce
phosphorus nutrients where none previously existed. But, intro-
duction of extra and variable concentrations of phosphate via the
makeup water can play havoc with control of the cooling tower
treatment program. (As will be examined later in this paper, a trend
is growing towards non-phosphorus cooling water treatment chem-
istry due to phosphorus discharge issues and associated environ-
mental concerns.)

Reclaim Water Pretreatment
Methods

Basic clarification, as mentioned in the case history above, for the
most part only removes suspended solids, although some large or-
ganics may precipitate as well. Also, use of an aluminum or iron-
based coagulant will precipitate phosphate, and thus basic clarifi-
cation can often serve a valuable purpose in this regard. If the
makeup water is high in hardness, lime softening clarification may
be justified, although lime softening generates large quantities of
sludge that must be disposed. Lime softening also removes bicar-
bonate alkalinity, which reduces acid requirements for pH control
and efficiently removes phosphate.

Like other technologies, clarifier design has been significantly en-
hanced over the large, circular types that were ubiquitous during
the last century. A common rise rate (effluent flow divided by the
sutface area at the top of the clarifier) of 1 gpm/ft? ot slightly less
is a common standard for these older designs, as the gentle flow al-
lows particles to settle. But now, in systems such as the ballast type
(typically micro-sand or magnetite), the influent, after coagulant in-
jection, encounters a ballasted recirculating flow in the flocculation
zone.
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Figure 2. Schematic of a ballasted clarification process.
This figure and Figure 4 courtesy of Veolia Water Technologies.

The microsand or magnetite is much heavier than the coagulated
solids, which attach to the ballasted material, and thus settling is
much faster in the clarifier. Rise rates as high as 25 gpm/ft* ot even
higher have been reported for some of these technologies. The
ballast material is recovered in hydrocyclones for reuse, while the
sludge exits from the hydrocyclone overflow to disposal.

However, clarification does nothing for nitrogen-based impurities,
patticulatly ammonia and nitrite/nitrate. Also, most otganics carty
through a clarifier. Thus, even with clarification for suspended sol-
ids and phosphate removal, much food/nutrients will stll enter the
cooling system. These aspects are driving selection of biological
treatment methods for pre-treatment.

Biological methods to treat both municipal and industrial wastewa-
ter have been in place for many years. Very common is the activated
sludge process, in which, following large solids and grit removal, the
waste stream flows into a large basin or basins filled with beneficial
microorganisms that consume the organics and nitrogen/phospho-
rus nutrients. The term activated comes from the fact that air is in-
jected into pond volume, often at numerous locations, to provide an
acrobic environment for the microbes. A common variation on this
technology was that of the trickling filter, in which the wastewater
flowed over fixed media to which the organisms are attached. Thus,
the microbes had a stable base to carry out waste removal.

A difficulty with either of these technologies is that the treatment
processes are slow, and require large pond volumes or media surface
area. In today’s world of fast start plants, and, especially in the case
of the power industry, high cycling facilities, more robust biologi-
cal treatment methods are necessary. Biological aerated filtration
(BAF) has proven to be a mature technology for some applications,
and two other technologies have emerged as leading candidates.
These are membrane bioreactors (MBR) and moving-bed bioreac-
tors (MBBR). A basic schematic of the former is outlined below.

Y
Waste
Sludge

Figure 3. Basic MBR design.

The fundamental process is that of return activated sludge, wherein
beneficial microorganisms consume the food and nutrients that
enter the main vessel via the mixing zone. A recycle stream helps
to bring active, well-established organisms to the inlet of the mix-
ing zone. A major difference of MBR from conventional activated
sludge is the use of microfilter membranes rather than a traditional
clarifier to separate solids from the effluent. The microfiltration
process produces a very clear stream, essentially free of suspended
solids. One deficiency of this most basic MBR process is that am-
monia in the stream is converted to nitrite/nitrate, but the nitrogen
remains. Thus, the nitrogen can still serve as a nutrient in the plant
cooling water system. This problem can be solved, if necessary,
by expanding the MBR system to include anoxic or anaerobic re-
action chambers, with microorganisms that convert nitrite/nitrate
to elemental nitrogen. However, this adds complexity to the pro-
cess that plant personnel may not desire. Of note is that MBR has

CTI Journal, Vol. 40, No. 2



also become accepted technology for raw wastewater treatment in
smaller applications. (Buecker, 2013)

Regarding MBBR, the main reaction vessel includes mobile plastic
media that serves as sites for the beneficial microorganisms to at-
tach and then consume the nutrients and food from the influent.

Figure 4. MBBR reaction vessel diagram showing mobile media.

MBBR can in some respects be thought of as a very advanced ver-
sion of the trickling bed wastewater treatment process, where the
beneficial microbes were attached to fixed media and then con-
sumed nutrients and food as water flowed over and along the me-
dia. Due to the use of solid media in the reaction vessel, filtration
membranes cannot be placed in this compartment. Rather, filtration
must be performed separately.

One concern often raised at industrial plants is providing staff, both
from a quality and quantity standpoint, to operate these seemingly
complex systems. Two ideas immediately come to mind. First, if
the plant is located close to the POTW, it may be possible to place
the MBR or MBBR at the POTW, and have that staff operate it.
Secondly, many of the reputable manufacturers offer “build-own-
operate-maintain (BOOM)” programs, where, for an annual fee,
they will take care of all equipment details.

Even with good pretreatment of these or other makeup water
streams, additional issues continue to gain momentum. One is in-
creasing concern with phosphorus discharge to the environment,
and how to reduce such discharge in cooling tower blowdown
while still protecting the cooling systems from corrosion and scale
formation.

Cutting-Edge Cooling Water
Treatment

An evolution is underway regarding scale and corrosion control in
industrial cooling-tower based systems. For four decades, the most
common treatment programs have been based on a core chemistry
of inorganic and organic phosphates (the latter typically go by the
name of phosphonates or phosphinates) that combine with poten-
tial scale-forming elements, most notably calcium, and whose reac-
tion products precipitate at anodes and cathodes of metal surfaces

to inhibit corrosion. However, of growing concern is the discharge
of phosphorus to natural bodies of water, and the effects such dis-
charge has on proliferation of toxic algae blooms. Phosphate also
drives algae growth in cooling towers, increasing chlorination costs
and the production of undesirable chlorinated organics.

Figure 5 (Left). Algae completely covering a pond surface. and
Figure 6 (Right). Algae hanging from plastic tower fill.

At many locations now, phosphorus discharge is limited if not en-
tirely banned. Also being restricted is discharge of metals, including
zinc; a common key ingredient in phosphate/phosphonate formula-
tions for additional corrosion inhibition. These restrictions have led
to development of alternative, polymer-based programs that offer
a more sustainable alternative to algae control in cooling systems.

Polymer formulations containing the carboxylate group have been
successfully utilized for decades to control calcium carbonate
(CaCO,) scale in cooling water.

+ cr—cn-}-
N\
0 0

Figure 7. Carboxylate functional group.

However, many other scaling compounds are possible, including
calcium and magnesium silicates, calcium sulfate, calcium fluoride,
and manganese dioxide, to name some of the most common. The
need to combat these and other scale-formers has generated devel-
opment of co- and ter-polymers, containing more than one func-
tional group.

The polymers inhibit scale formation by two mechanisms, crystal
modification and ion sequestration. A low part-per-million residual
is often sufficient to inhibit scale formation, but the choice of poly-
mer or polymer blend is in large part dependent upon the chemistry
of the cooling water. That is why, especially for new plants, compre-
hensive, and ideally historical, makeup water analyses are necessary.
Too often, project designers only receive partial water quality data,
which makes it very difficult to select proper treatment chemistry
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and makeup water treatment equipment. The pretreatment facilities
should be flexible and robust, since POTW makeup water quality
tends to worsen over the long term, and can experience short term
upsets due to “combined sewer overflow” during periods of heavy
rainfall.
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Figure 8. Basic structures of important co- and ter-polymers.

Enhancements to environmentally friendly non-phosphorous and
non-zinc chemistry have also improved corrosion protection in
cooling systems. Particularly effective is a chemical formulation
best described generically as a reactive polyhydroxy starch inhibitor
(Post, 2017). The chemistry is capable of providing a number of
critical benefits in cooling systems, most notably:

e General corrosion protection of carbon steel
e Passivation of rusted steel surfaces

e Improved protection of stainless steels from chloride-induced
crevice and pitting corrosion (Figure 9)

25 ppm RPS|

|

Figure 9. Type 304 Stainless Steel Stress Cracking Coupons subjected
to 1,000 mg/1 chloride at 105 °C for 15 days under air. Note the absence
of staining, pitting, and cracking in the specimen treated with the Reac-
tive Polyhydroxy Starch Inhibitor as compared to the untreated control.

Corrosion inhibitors such as the reactive polyhydroxy starch inhibi-
tor contain functional groups that attach directly to the base metal,
upon which the components form a passive film. This is much dif-
ferent than corrosion protection in the phosphate-based programs,
where the reaction products with calcium and other species formed
a barrier. Such “protective” deposits have limitations, including po-
rosity and a propensity to be washed away by the cooling water flow.
Beyond that issue, mistakes in chemical dosage and/or a change
in water chemistry have the potential to induce severe deposition,
most notably of calcium phosphate. By contrast, the reactive poly-
hydroxy starch inhibitor does not rely on precipitation reactions and
is non-fouling. This non-fouling property allows the inhibitor to be
applied at sufficient dosage to provide excellent protection even in
highly corrosive waters.

Reviewing the Importance of
Cooling Water Fouling Control

Although many papers have been given at various conferences over
the years regarding biological control in cooling water systems, both
micro- and macro-fouling continue to affect many cooling systems.
Given the retirement of many experienced industrial personnel and
an influx of new employees, it is worth reviewing some of the most
important chemistry, with an emphasis on current technology.

The core of any microbiological treatment program is feed of an
oxidizing biocide to kill organisms before they can settle on heat
exchanger tubes, cooling tower fill, and other locations. Chlorine
was the workhorse for many years, where when gaseous chlorine is
added to water the following reaction occurs:

Cl, + H,0 < HOCI + HCI EQ(1)

HOCI, hypochlorous acid, is the killing agent, and functions by pen-
etrating cell walls and then oxidizing internal cell components. The
efficacy and killing power of this compound are greatly affected by
pH due to the equilibrium nature of HOCI in water, as shown in
Eq. 2.

HOCI < H* + OCF EQ(2)

OCI- is a much weaker biocide than HOCI, probably due to the fact
that the charge on the OCI- ion does not allow it to effectively pen-
etrate cell walls. The killing efficiency of chlorine dramatically de-
clines as the pH goes above 7.5. Because most cooling tower scale/
corrosion treatment programs operate at an alkaline pH, chlorine
chemistry may not be the best choice in some applications. Chlorine
efficiency is further influenced by ammonia and organics in the wa-
ter, which react irreversibly with the chemical and increase chlorine
demand. This is yet another reason why ammonia removal from
grey water is very important.

Due to safety concerns, liquid bleach (NaOCI) feed has replaced
gaseous chlorine at many facilities, although bleach is more expen-
sive. Bleach contains a small amount of sodium hydroxide, so when
it is injected into the cooling water stream it raises the pH, perhaps
only slightly, but if the water is alkaline to begin with, most of the
reactant will exist as the OCl ion. A popular answer has been bro-
mine chemistry, where a chlorine oxidizer (bleach is the common
choice) and sodium bromide (NaBr) are blended in a makeup wa-
ter stream and injected into the cooling water. The chemistry pro-
duces hypobromous acid (HOBr), which has similar killing powers
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Hypochorous Acid and Hypobromous Acid
Dissociation Curves
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Chemical Advantages Disadvantages

2, 2-tibromo-J-nitrilo-pro- Fast acting, effective against | Degrades quickly above pH

peonamide (DENPA) bactaria, degrades quickly to | 8, not very effective against
non-hazardous byproducts. fungl and algae. Degraded by

reducing conditions

Glutaraldehyde Effective against suliala- Incompatible with ammonia
reducing bacteria (SRE). and some amines, Weak on

algae,

Isothiazoling Effective against baceria, Skin sensitizer. Degraded by
particulary nitrifiers, and sulfide, sulfite, and reducing
fungi. Works wall with conditions.
oxidizing biocides, Active
over 8 wide pH ranga. |

Cuslernary amines Effective against most Can cause foaming. Efficacy
microorganismes, particularly | reduced by hardness.
algaa. Active over awide pH | Interacts with anionic
range. dispersants and Nuorescent

Irfcers

to HOCI, but functions more effectively at alkaline pH. Figure 10
compares the dissociation of HOCIl and HOBr as a function of pH.
Figure 10. Dissociation of HOCI and HOBr vs. pH

Other alternatives include chlorine dioxide (ClO, ), monochlora-
mine (NH,CI), and monobromamine (NH,Br). The latter two are
weaker oxidizers than the others, but appear to be more effective
at penetrating the protective slime layer that bacteria produce, to
then directly attack the organisms. Also to be considered are on-
site hypochlorite generating systems, as exemplified by the MIOX®
technology, where no oxidizer needs to be stored.

A factor that influences the efficacy of many oxidizers, and most
notably the strong oxidizers such as chlorine and bromine is the
ability, or lack thereof, to penetrate the polysaccharide (slime) layer,
that bacteria form for protection. Sessile microbiological colonies
may be almost impossible to destroy with standard treatment. Re-
cently developed is a new halogen stabilizer/biodetergent, which is
applicable for bleach-only oxidizing treatment. The product itself
has no biocidal properties, and thus does not fall under regulatory
guidelines, but it helps to stabilize chlorine and reduce losses from
irreversible reactions. Also, the biodetergent portion of the formu-
lation, as its name implies, disperses the biofilm formed by the or-
ganisms, and allows the biocide to contact the organisms directly.

In many cases, oxidizer feed is limited to two hours per day, which
gives microbes time to settle and form colonies during off times.
A supplemental feed of a non-oxidizing biocide on perhaps a
once-per-week basis can be quite effective in controlling biologi-
cal growth. These non-oxidizers in conjunction with biodetergents
reduce overall chlorine usage and do not produce halogenated by-
products such as THMs. Table 2 below lists properties of some of
the most common non-oxidizers.

Table 2 - Non-Oxidizing Biocides

Careful evaluation of the microbial species in the cooling water is nec-
essary to determine the most effective biocides. Antimicrobial com-
pounds should not be used or even tested without approval from the
appropriate regulating agency. They must be incorporated into the
plant’s National Pollutant Discharge Elimination System (NPDES)
permit. Also, as with all chemicals, safety is an absolutely critical issue
when handling biocides.

Conclusion

Alternatives to fresh water are becoming increasingly common for in-
dustrial plant makeup. Rigorous pretreatment of these waters, and
in particular POTW effluent is necessary to protect the plant, and in
particular the cooling water system. And even with good pretreatment,
cooling water process chemistry must not be neglected. The cooling
system offers the ideal environment, warm and wet, for microbes, and
if they are allowed to settle and establish colonies, severe fouling is
typically the result. Also, new methods of scale/corrosion control of-
fer great promise in improving cooling system efficiency and reliability.

References

B. Buecker, Trip report from visit to the De Soto, Kansas wastewater
treatment plant, March 2013, courtesy of Smith & Loveless.

R.M. Post, PE. and R.P. Kalokodimi, Ph.D., “The Development and
Application of Non-Phosphorus Corrosion Inhibitors for Cooling
Water Systems”; presented at the World Energy and Environmental
Congtess, Atlanta, Georgia, October 26, 2017.

@ CTI Journal, Vol. 40, No. 2
[ =



& AHREXPO z

The World’s Largest HVACR Marketplace

Orlando EFeB 3-5 2020




58

High Efficiency Heat Exchanger For

Ice Energy Storage and Beyond

Grady Iliff, Levon Atoyan and Mitchell Ishmael

is a new HEX design that can produce up to 6 times

Active Energy Systems

Abstract

Freezing ice on coils is a slow and transient process
that hinders the deployment of ice thermal energy
storage systems for large commercial buildings. Here,
we share observations of a novel interfacial phenom-
enon that was used to engineer an ice-phobic heat
exchanger. Water drops that were frozen on the ice-
phobic surface demonstrated extremely low interfa-
cial adhesion, allowing the frozen drops to be shed
off by body forces alone. Heat transfer coefficient
measurements of this steady-state freezing process

more ice per cycle than existing HEXs with the same
surface area. The new HEX design is ice-phobic: the
adhesion stress of freezing water is negligible.

Here we present our observations of this new phe-
nomenon and the associated freezing HTC.

Experimental Setup

Heat Exchanger setup

The ice adhesion experiments were initially done on
a much smaller scale than the HT'C experiments. A
small piece of aluminum was placed at the bottom of
a glass container on a cold plate cooled by a chiller.

indicates improved performance over the traditional
ice-on-coil process. Increasing the heat transfer coefficient reduces
the necessary heat exchanger size, which decreases an ice thermal
storage system’s footprint, important for high-density urban envi-
ronments. These factors combine to substantially lower costs and
increase applicability of ice thermal energy storage systems.

Introduction

Ice thermal energy storage is a process in which ice is produced
using off-peak, low-cost electricity as a means of storing energy in
the form of latent heat. The ice is used to provide cooling for build-
ings during the warmer, on-peak hours of the day (avoiding chiller
operation during these hours). Ice thermal energy storage is used by
commercial buildings and campuses to lower energy costs all over
the country [4,6]. Current shortcomings of ice thermal energy stor-
age technology can be attributed to poor heat transfer during the ice
making process [4,0]. Ice-on-coil heat exchangers (HEX) grow ice
radially outward from the cooling surface. As ice grows on the sut-
face, the thermal resistance between the water and the HEX surface
increases, and thus the heat transfer coefficient (HT'C) decreases.
Eliminating the ice layer would increase overall efficiency and lower
costs.

The major challenge in developing an ice-phobic heat exchanger is
the adhesion of ice onto other surfaces. It is a notoriously strong
force to overcome, even on superhydrophobic surfaces [2,3,7]. The
current state of the art in ice-phobicity is either removing con-
densate before freezing with either a superhydrophobic surface or
SLIPS (slippery lubricant impregnated porous surface) or removing
the ice after it has formed by using some thermal or mechanical
energy [1,8,9]. Our approach to the problem of ice-phobicity was
inspired by SLIPS which uses a combination of hydrophobic sur-
faces and lubricating oils. Whereas a traditional SLIPS uses a thin
film of lubricant to enhance the superhydrophobic characteristics
of the surface, our approach was to totally submerge water drops in
oil so that frost and ice build-up cannot suppress with the freezing
process.

Active Energy Systems has developed a new method of making ice
that passively sheds ice as it is produced, eliminating the inefficiency
of thermal resistance from ice-on-coil systems. The key innovation

Mitchell Ishmael

The aluminum stage had a small hole drilled into it
for a thermocouple probe. Adhesive PTFE (polytetrafluoroethyl-
ene) tape was applied to the aluminum surface. The glass container
was then filled with 5 ¢St silicone lubricating oil. The density of the
silicone oil was nominally repotted to be ~930 &g/ 7’ @ 0 °C, which
would place it at an intermediate density between ice and liquid wa-
ter. The camera was then setup so the PTTE surface was in focus at
approximately 40x zoom and recording at 10 fps.
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Figure 1. Heat exchanger experimental setup.

We designed a benchtop-scale test bed for proof-of-concept testing
of our heat exchanger prototype. A basic diagram of this setup is il-
lustrated in Figure 1. A chiller was used as the source of cooling for
these experiments (1). The heat exchanger we used is made of three
aluminum plates with imbedded copper tubes (4). The plates are
fastened together using a bolt and the spacing between the plates is
0.5 in. The plates were spray coated with a 5 g layer of PTFE. The
inlets and outlets of each plate is connected to a header that leads
back to the chiller inlet and outlet (2). The refrigerant in the system
is a glycol mix. This heat exchanger is submerged in oil (5) inside of
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an acrylic tank (3). A smaller layer of water is at the bottom of the
tank (6). The phase change material (PCM) we are using is a mixture
of water and an ice nucleating protein like that found in Psexdononas
syringae. The oil is a PAO (poly-alpha-olefin) without any additives or
surfactants. It is important to the function of the system that the oil
be less dense than the PCM, which allows the negative buoyancy of
the water drops in the oil to drive them down the plates.

Instruments and Methods

The camera we used for these experiments is the Dino-Lite Digital
Microscope (7). The associated software is DinoCapture 2.0. The
camera has a variable zoom lens from 0x-80x. The temperature
data was recorded with National Instruments thermocouples and
a LABVIEW DAQ. The softwate used to measure velocity was
Tracker by Open Source Physics.

A metric ruler was taped to the side of the acrylic tank in frame so
that a fixed distance could be determined in the video. In the Track-
er software, it is possible to measure something of a known length
in frame so that a ratio of pixels to millimeters can be established.

Ice Adhesion Experiments

The objective of these tests was to determine the effectiveness of
the icephobic properties of the heat exchanger surface. The chiller
was initially set to -8 °C, and the surface temperature of the alumi-
num was -5.25 °C. The PCM drops were then deposited onto the
PTFE surface and allowed to cool. The PCM exhibits freezing with
less supercooling (AT=-2 °C) than pure water due to the ice nucle-
ating protein. The camera would begin recording at deposition and
continue until the drops were sufficiently frozen to detach from the
surface. Detachment occurs once the density of the drop becomes
less than the oil around it. This makes the drop buoyant, and once
the buoyant force overwhelms the adhesive force holding the drop
to the PTFE surface, the drop detaches and begins to float. From
the video, we can determine the time until nucleation and time until
liftoff.

HTC Measurement

The HTC of drops deposited on chilled PTFE coated plates was
measured. The chiller was set to -9 °C and the drops were nominally
50 L. The system was left to cool for an hour before beginning the
first test, so it could equilibrate. The camera was setup so that the
moment of nucleation would be captured in frame as closely as pos-
sible. The metric ruler taped along the side of the tank was used as
a reference for how far the drop had traveled down the plate. From
the video we can measure the velocity of the drop as it travels down
the plate. It is assumed that the drop reaches terminal velocity in the
oil immediately, so the average velocity it is traveling down the plate
is assumed to be constant. By knowing the distance traveled down
the plate and the average velocity, we can calculate the time between
deposition and nucleation.

Results and Discussion

Passive removal of ice from a sub-freezing surface has not yet been
demonstrated to the best of our knowledge. In this case, we show
that buoyancy alone can remove frozen drops from a surface, which
demonstrates extremely low adhesion to the substrate. An example
of this liftoff event happening can be seen in Figure 2. Two tests
were conducted to confirm this finding and describe the phenom-
enon. The first was testing the surface temperature versus the time
until liftoff. Second was testing the volume of the drop versus the
adhesion stress.
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Figure 2. Frozen drop demonstrating low adhesion with a PTFE coated
surface in a silicone oil bath. The drop passively detaches itself from
the surface once the buoyancy force has exceeded the adhesive force.
The ice layer grows upwards from the chilled substrate.

The next experiment was meant to illuminate some of the underly-
ing mechanics of the liftoff events. Drop size was varied from 30
ul to 400 pL to see if the volume of the drop influenced whether
the drops would liftoff. Satellite drops as small as 5 #L. were also
observed detaching from the surface, which represents a range of
sizes over five orders of magnitude in volume. The average value
of the adhesion stress was calculated to be 5.21 Pa. Compared to
previously measured ice adhesion stresses of 500 £Pz for aluminum
and 100 &Pz for PTFE, this is a tremendous improvement [3,5].
The stress was calculated by assuming the only forces in play are
the body force of the drops (buoyancy) and the adhesive stress at
the interface:

R < (Pq = Po)9Va

Where 1 is the adhesive stress, R is the contact diameter, p, is the
density of the drop, p, is the density of the oil, g is the accelera-
tion due to gravity, and V is the volume of the drop. The con-
tact diameter between the drop and the surface was measured in
the Tracker software. This would give a reasonable approximation
for the contact radius to estimate the contact area. The body force
was calculated by measuring the average diameter of the droplet in
Tracker and finding the volume of the drop that way. The density
of the oil was determined by measuring the temperature of the oil
and the surface and using that data to adjust the nominal density of
the silicone oil. The density of the oil is the factor with the highest
degree of uncertainty, although we know for certain it must be be-
tween 0.916 g/ cn? (ice) and 0.998 g/ en’ (water). For this calculation,
the density was assumed to be 0.940 g/ 7.

Figure 3. A drop of PCM sliding down a PTFE coated aluminum plate
during the nucleation process. The highlighted drop in the image shows
how freezing happens when the drop is in motion.

After demonstrating low ice adhesion, we designed our heat ex-
changer using our findings. This required testing and measuring the
HTC of the freezing process. The following formula was used to
calculate the HTC of the freezing process:
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Where 7 is the mass, ¢, is the specific heat capacity of water, A is
the cross-sectional diameter of the drop, A7 is the time between
deposition and nucleation, AT is the initial temperature difference
between the drop and the plate, and AT/; is the final temperature
difference between the nucleation temperature and the plate. The
nucleation temperature was separately measured to be —2.2 °C £

0.5°C.

From the data we gathered from experiments, the freezing HTC
was measured to be:
There is relativelv hich uncertainty in this measurement because it

520 + 60—
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is based on the nucleation time. By nature, nucleation, whether ho-
mogeneous or heterogeneous, is a stochastic phenomenon so there
is not a time at which nucleation will always occur.

A constant HTC throughout the freezing process is a critical part of
improving ice thermal energy storage. Whereas a traditional ice-on-
coil HEX has a transient HTC, in which the HTC value decreases
over time due to increasing thermal resistance, our new HEX oper-
ates under steady state conditions. Over the course of the entire
freezing cycle, this results in up to more ice made for the same
amount of area.

Conclusions

Observations of a new icephobic phenomenon have been reported.
Water drops frozen in a silicone oil bath on a PTFE coated cold
plate have demonstrated very low adhesion with the substrate. The
maximum ice adhesion stress for a small drop was calculated to
be 5.21 Pa. Frozen water drops that passively liftoff from the heat
exchanger surface allow for elimination of the thermal resistance of
ice growing on the heat exchanger surface. The freezing heat trans-
fer coefficient of drops sliding down the heat exchanger surface
was measured and recorded. The average freezing HTC for a 50 ul.

w
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drop using the HEX was measured to be:

Because this HTC is a constant value over the duration of the freez-
ing process, it drastically reduces the required surface area to make
ice, and thus reduces overall costs.
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Abstract

Open and closed cooling systems are subject to the very real con-
stant threat of corrosion, scale, and microbiological fouling. While
water treatment is the science of minimizing these conditions, water
treatment alone may not avail a system. What is the universe of fac-
tors that affect a cooling system and how do they affect successful
long- term maximization of system performance and minimization
of deterioration and premature failure? It is helpful to group these
factors into the following non-exclusive list of general consider-
ations: (1) Mechanical Factors; (2) Operational Factors; (3) Envi-
ronmental Factors; (4) Microbiological Factors; and (5) Chemical
Factors. This publication will address these factors with case studies
in an effort to minimize risk of loss.

Introduction

Despite the fact that a cooling tower is being propetly treated, there
are a variety of mechanical, operating, chemical, and microbiologi-
cal factors that may defeat a sound treatment program. Detective
work including a comprehensive monitoring program with routine
checks for certain conditions may be the only thing that can avail
a system from imminent perils. These undertakings extend beyond
the reasonable scope (and pay) for ordinary and normal water treat-
ment and routine services. It is a reasonable expectation that the
owner who has continuous access to the system should routinely
investigate its system for symptoms and material issues; however,
reality dictates that this is not often the case and those with primary
access and responsibility frequently shirk the same in favor of blam-
ing the periodic service visits of the water treating company.

Frequently, the water treater is the most technically sophisticated
and comprehensively insured party with any role or responsibility
relating to the building water system. Accordingly, the water treating
company, providing these routine services can become a primary
target of misdirected litigation regardless of the merits of the claim.

While a good defense attorney may be able to successfully defend
you in court, it is much less expensive to operate with simple con-
tracts which clearly define the scope of the water treater’s roles and
responsibilities. Thus, water treating companies are increasingly
documenting not only the extent of their work but also expressly
disclaiming those duties not undertaken to provide protection from
baseless litigation. With routinely small profit margins for water
treatment service, even a successful defense can disproportionately
impact a risk reward analysis.

A myopic focus on water treatment alone fails to recognize that
even the best chemical treatment and control efforts are just one of
the many efforts that have to be routinely monitored and actively
managed in order to have a truly successful outcome. Those who
assume that chemicals alone will avail the system may do so at the
peril and the possibility of serious financial expense.

Adam Green

Robert J. Cunningham

What defines the universe of factors that affect a cooling system
and how do they affect successful long-term maximization of sys-
tem performance and minimization of detetioration and possibility
of premature failure? It is helpful to group these factors into the
following non-exclusive list of general considerations: (1) Mechani-
cal Factors; (2) Operational Factors; (3) Environmental Factors; (4)
Microbiological Factors; and (5) Chemical Factors.

Mechanical Factors

Mechanical factors include over-all system design and construction,
as well as the design and construction of each component in the
system. Too often, attention is focused on the cooling tower, evapo-
rative condenser, or closed-circuit cooler, while the overall system,
that employs various types of heat exchangers, pumps, piping,
valves, fittings, sensors, and controllers is overlooked. Each of these
components have been supposedly designed, fabricated, selected,
and deployed in the cooling system with specific and limiting pa-
rameters. These include material selection, design process and cool-
ant fluid flow characteristics as well as routine optimum operating
ranges and operating range limits for factors such as temperature,
mechanical stress, and chemical tolerance specifications. Compat-
ibility considerations such as coupling requirements when coupled
with dissimilar metals can also be critical.

Redundancy is also an important design consideration for specific
system components. For example, if the system incorporates re-
dundant cooling towers, pumps, and exchangers, which is often a
necessary indispensable system reliability consideration, then it is
necessary to consider how this additional redundant equipment is
to be operated, as well as protected from deterioration during idle
or lay-up periods. Finally, consideration needs to be given to prop-
er insulation of some components to prevent undesirable coolant
temperature changes in the system due to environmental changes.

Case Study (Mechanical Factors):

A large university cooling system was renovated. Specifically, all
of the comfort heating and cooling equipment was removed, the
building was upgraded structurally to incorporate the latest seismic
design refinements, and all of the piping, pumps, and equipment
were replaced. The plans and specifications were provided by a very
experienced team including an architectural firm, a large general
contractor, and well known sub-contractors and suppliers.
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Three years after the renovation, recirculating piping in the base-
ment began to leak, and severe corrosion and tuberculation of steel
pipe was found. All parties were sued in the university’s zeal to re-
cover substantial direct and indirect repair and replacement costs.
The defendants included two water treatment suppliers, each of
whom had successively enjoyed the business briefly after start-up.

During the litigation, it was discovered that some remote sections
of pipe had not been replaced, and that the old piping had been
isolated from the start-up hydro-testing, cleaning, and passivation.
It was also eventually discovered that the property had been shut
down for an extended time after piping, hydro-testing, cleaning,
and passivation, and neither treater was informed that old pipe was
re-connected into the system after the start- up process was com-
pleted. The new system was found to have experienced severe MIC
(Microbially Induced Corrosion) during this process, and the old,
unremediated piping was also found to be severely corroded and
full of MIC. The lawsuit started as a misdirected case of treater
negligence and was later resolved in a settlement with the mechani-
cal parties.

Operational Factors

The breadth of factors to be considered in the operation of a water
cooling system and its components can vary widely. Operators need
to be aware of the previously discussed mechanical factors that are
involved in the system and component design to allow long- term
trouble-free use of the physical plant components. Generally, op-
eration involves all maintenance functions required to result in the
expected system reliability and service life.

For day-to-day operations, the engineers who prepare the operating
specifications and operating manuals for the facility must consider
all of the above mechanical factors to ensure the system is oper-
ated in a manner consistent with the system and component design
considerations. It is the responsibility, however, of the operators to
follow these operating manuals and to perform all of the required
performance and control sampling and testing required to ensure
that the operation is compatible with both design and service life
expectations. Frequently, the periodic water treater is accused of
having operational responsibilities despite their limited access and
correspondingly limited pay. Water treaters are typically on-site for a
defined service period (either monthly or weekly in most cases) and
limited scope /purpose, othet than performing routine wet chem-
istry checks. They do not own the system, nor do they have the
final say in operational decisions that can easily defeat sound water
treatment.

Case Study (Operational Factors):

A 20-story commercial building in a seasonal climate was equipped
with a hydronic system that could be used for heating or cooling;
The configuration included an open cooling tower system with a
closed condenser loop and a hot water loop. These separate loops
would mix at all times between valve exercise and mode operation.
Accordingly, at any given time the water chemistry would be shared
among all of the systems.

During the warmer summer months, the hot water loop would be
"laid up" for at least 120 days. As opposed to draining, drying and
cleaning the surface before start-up in the fall, the building mainte-
nance crew would leave the hot water loop partially filled and iso-
lated. Ultimately, the system and its attendant equipment failed. The
Owner and property manager blamed the monthly water treater cit-
ing elevated bacterial levels in the water as the purported root cause
of failure. It was discovered in litigation that because the hot water
system was not completely drained, and dried, or otherwise propetly
laid up, microbial colonies flourished during the stagnant period.
This water contaminated the rest of the system.
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Despite the fact that the property manager had full access to the
premises 365 days a year, the infrequently visiting water treater was
promptly blamed for the failure to drain and repassivate. This was
the case although the equipment manufacturer's written standards
advised that "Proper cleaning and sutface preparation must be
completed prior to system start-up." Notably, the Owner's contract
with the water treater specifically provided that the "Owner will not
be liable for any charges other than those described and expressly
authorized." The authorized acts were limited to a single monthly
service visit for the stated purpose of treatment of the systems and
water analysis. For that task, the treater was paid a gross sum of
$300 per month. The agreement contained no provisions regarding
any shutdowns, cleaning, flushing, or passivation.

Nonetheless, the owner opted not to turn to its property manager
that was charging in excess of $20,000 per year. Instead, it opted to
target the $300 per month water treater whose contract limited it to
a single monthly visit that lasted no more than an hour each month
with the chief task of water analysis. When asked where these duties
appeared within its contract, the Owner stated, "We hired you guys
to take care of the system. You're the experts.”

It was successfully argued that the task of re-passivation was beyond
the scope of the limited duties to be completed during the once per
month visit of the water treater. Further evidence revealed that the
hot water loop could not be independently shut down, cleaned and
drained, and the chemical treater did not have the autonomy or dis-
cretion to do so.

Although a successful legal defense was secured, there were no con-
tingent fee defendants and the cost of defense overwhelmed the
relatively small profits for the water treater. While the contractual
language providing that the "owner will not be liable for any charges
other than those described and expressly authotized" was helpful
in the defense, the water treater would have been well served to in-
clude a specific scope of work with a one-line disclaimer providing
that all duties not expressly listed were otherwise disavowed.

Environmental Factors

Environmental factors include indoor and outdoor environmental
temperatures, humidity, air quality, the physical location of equip-
ment, and any expected or possible plant process contamination.
Additional environmental factors include quality, quantity, and avail-
ability of the make-up water and the availability of proper disposal
facilities for tower blowdown and larger volumes of system cooling
water if the system requires draining, flushing, and refilling.

The regulatory environment must also be considered, as well as any
client-imposed limits including limits on the water treatment chem-
istry, water consumption, or any other aspect in the use of the water
cooling equipment. Some questions to ask include:

(1) Is the cooling tower sited so that the exit air stream is in close
proximity to facility inlet air ducts, open building windows, or en-
trances? (2) Is the tower sited in close proximity to utility stack
discharges, fly ash handling facilities, coke plant discharges, paint
booths? (3) Will exchanger leaks result in contamination of the cool-
ing water with process gasses/fluids, ot solids? (4) Will exchanger
or piping leaks be likely to contaminate product with cooling water?

Case Study (Environmental Factors):

A very prominent technology firm was looking for a technical break-
through to reduce the cost of their cooling tower water treatment
programs in an effort to appease their stockholders that they were
reducing their "chemical footprint". With these client- imposed re-
strictions, a water treater recommended the use of a water softener
on the cooling tower make-up at the new campus headquarters. The
treatment vendor advised that the client shut-off the tower blow-
down and depend on drift to limit cycles of concentration.
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The water softener removed calcium and magnesium and was re-
generated with sodium chloride. As a result of softening the make-
up water, the treater recommended shutting off the blowdown.
As a result, the chloride in the make-up water cycled up causing
excessive chloride concentration in the recirculating water. Within
18 months, the client experienced highly aggravated pitting in the
304 stainless steel cooling towers. In addition, they experienced a
rash of complaints concerning water spotting of automobile paint,
etching of window glass, and discoloration of building siding. The
client incurred substantial damages relating to these self-imposed
environmental restrictions.

Micobiological Factors

Microbiological Factors include consideration of the types of or-
ganisms that are locally found in the air and water available at the
plant site, as well as the human population that is expected to use
the facility or those that may be reasonably expected to be in the
potential exposure pathway. For instance, will only young, healthy
people frequent this location or is the facility a nursing home with
a regular populace of older, immuno- compromised or otherwise
unhealthy people? Is the cooling system design and metallurgy com-
patible with the use of relatively high levels of oxidants for cool-
ing water microbial control? Is the treatment program designed and
applied in a manner that discourages microbial proliferation? Are
side stream filters, basin sweepers, and routine system cleaning and
disinfection employed at the site? Can expected use concentrations
of oxidants be discharged to the receiving stream without oxidant
removal/destruction? Can high levels of demonstrably effective
non-oxidizers be routinely employed and safely/legally discharged?
Is the facility located in close proximity to agricultural sites where
routine or periodic high levels of airborne organisms, nutrients, or
bio-mass forming airborne contaminants are present?

For the past century, water treatment has been intended to promote
system efficiency through the minimization of piping and equip-
ment corrosion, scale formation, the accumulation of alluvial de-
posits, system wide microbial fouling and microbial induced corro-
sion. The sole purpose and scope of minimizing these factors has
been to aid in preservation of asset value, minimization of energy
and water consumption, reduction of maintenance costs and to
achieve optimal heat transfer.

The cooling technology industry is facing a perpetual challenge with
respect to the minimization of legionellosis risk. Cooling tower re-
circulating water is usually within the envelope of temperatures
where Legionella thrives, and the water is often loaded with nu-
trients. The collective responses to Legionella related illness and
proposed methods of control are continuing to evolve in terms of
science, law and standards.

Whether due to increased rate of incidence or improved medical
methodology, confirmed cases of legionellosis are on the rise. This
has occurred in the context of traditional water treatment chemi-
cals being restricted or banned based on environmental regulations
due to the negative impact (real or perceived) on public health and
environmental degradation. The water treatment industry has been
forced to trade a biostatic control regimen for one that substitutes
carbon, nitrogen, phosphate, and sulfur (also known as "bug food")
and then employs the new chemistry at a pH control range that
cripples the effectiveness of the remaining highly regulated and dis-
charge limited oxidant chemistry. While research reveals no studies,
the question must be asked whether the prohibition of the most
effective water treatment chemicals and the subsequent rise of le-
gionellosis cases is causative or coincidental.

Allegations of a legal duty to control a bacterium universally recog-
nized to exist in all aquatic environments (including tap water) rep-
resent a significant challenge to the traditional practice or purpose
of standard water treatment. Plaintiffs' experts are now attempting

to create legal duties beyond those based upon system efficiency
and useful life. We are entering a new world where lawyers are as-
serting that those with any involvement with a cooling water system
have legal duties to protect the public from an organism with no
known safe level that may infect only certain members of the popu-
lace who are merely present in the exposure pathway.

The absurdity of allegations of legal duty on behalf of a chemical
water treater to protect the general public from a rapid recoloniza-
tion bacterium is underscored by their limited access and pay. Most
chemical water treaters are granted access to a particular system for
a single site visit once or twice per month for which they are paid
around $300 to $500 per visit. Despite these limitations, assertions
of great responsibility for disease prevention are now being leveled.
These accusations are being made despite the fact that there is no
standard training, certification, compensation or clear standards by
which the water treater is to bejudged. This is akin to conscripting
plumbers to be trauma surgeons with no guidance, training, proto-
cols, or pay.

Allegations that a chemical water treater has a legal duty to protect
the public from a commonly occurring bacterium with no known
safe level effectively charges the treater with being the conscience of
the cooling industry in an environment where the owners are under
no clear-cut requirements to comply with no legitimized road map
to show them how to do so. The financial repercussions for defend-
ing a Legionella lawsuit are invariably grossly disproportionate to
the payment received for water treatment services rendered. In this
litigious context, it is highly advised that treaters do not undertake
any Legionella related obligations and expressly disclaim the same.

Case Study (Microbiological Factors):

Five Plaintiffs alleged that they contracted Legionnaire’s Disease
while guests of a small hotel. They claimed they inhaled bacteria-
laden mist emanating from the hotel’s rooftop cooling tower. Two
of the Plaintiffs died as a result. The surviving Plaintiffs and the
families of the decedents filed a wrongful death lawsuit implicating
the hotel owner and the chemical water treater.

There was no written contract between the treater and hotel owner.
The parties had a personal relationship and entered a handshake
deal. During the initial meeting, the water treater recommended a
corrosion inhibitor and dual biocide (oxidizing and non-oxidizing)
program. Testimony reflected that the owner opted not to purchase
the oxidizing biocide citing leftover chemical inventory from a prior
treater. There was no documentation to reflect that the oxidizer had
been offered or refused.

Pursuant to their verbal agreement, the chemical water treater pro-
vided monthly service for over 6 years prior to the outbreak. At no
point during the initial meeting or throughout the tenure of the
water treatet’s service, did the owner and treater discuss Legionella or
the prevention of legionellosis. During this time, the treater provid-
ed Field Service Reports for each of the months during the 6-year
period preceding the outbreak.

After the outbreak, the hotel owner blamed the chemical water
treater asserting that the hotel “followed every one of their rec-
ommendations to the letter” and that “we trusted them to handle
our system because they’re the experts.” In absence of a written
contract delineating the treater’s duties, the conduct of the parties
proved significant.

The pre-suit conducts of both the owner and treater consistently
reflected that the hotel did not hire, request, or pay the treater to test
for or to prevent Legionella. The evidence reflected that the water
treater was hired by the hotel only to support a routine water treat-
ment plan, which according to the testimony of the water treatment
experts in the case, involved only recommending and selling chemi-
cals that would accomplish the tasks of keeping the heat transfer
surfaces of the equipment free of scale, corrosion, and biofilm. The
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experts’ interpretation of the treatet’s job responsibilities was con-
sistent with the widely accepted view of the industry that “most
water treatment programs are designed to minimize scale, corrosion
and bio-fouling and not to control Legionella”

Furthermore, the charges by the treater and payments made by the
hotel did not reflect service beyond those relating to system effi-
ciency. For its standard monthly service, the treater was paid $190
per month. During the relevant time frame, charges relating to Le-
gionella testing were $460 per test by CDC approved labs. In addition
to the lack of charges for any Legionella related service, none of the
6 years of Field Service Reports made any mention of Legionella or
test results. Despite receiving these reports every month, the hotel
owner never inquired about the status of Legionella in the system or
any tests to that effect.

In addition, testimony reflected that the hotel never contacted the
water treater to complain or to otherwise inquire about the ineffec-
tiveness of any expected treatment after learning of the Legionella
outbreak at the hotel. Instead, the owner first mentioned the out-
break to the treater in passing when the treater was on the premises
for his normal monthly visit.

In light of the conduct of the parties, the Court found no evidence
that the treater had assumed any duties with respect to Legionella at
the hotel.

Chemical Factors

Chemical Factors include the adequacy of the treatment program
to function optimally during any expected control malfunctions or
during any periodic anticipated low flow or high temperature events.
They also include the ability of the chemical treatment program
to adequately function to protect the metallic components during
expected operational variation. The chemical control specifications
need to be considered to ensure that the individual control limits
are appropriate for the expected operation, including variations in
flow, temperature, water quality, air quality, and probable process
leaks and air contamination. The control limits must be designed to
ensure reliable operation with acceptable corrosion, deposition, and
microbial activity given the expected environmental, process, and
personnel contamination considerations that will be encountered.
Chemical control recommendations should include cooling water
sampling and testing that is adequate to ensure the presence of the
proper treatment ingredients at the proper concentrations for the
correct times and duration. For example: Is the owner willing to
provide sufficient numbers of properly trained and supervised per-
sonnel to routinely conduct all of the proper sampling and testing
to confirm continuous reliable operation? Are the expected make-
up water quality variation excursions and frequency minimal enough
to ensure that the sampling and testing program will detect and cor-
rect for such make-up water quality variation? Does the chemical
feed and control system that is installed use a proxy for control of
one or more program ingredients? Does that proxy insure that the
intended ingredient is actually present at the correct level, or does
it merely detect the presence of the tracer? Can the ingredient level
vary from the tracer level?

While smart controllers have been a great aid to the establishment
of tight control, they are not designed and fabricated to provide
long term reliable control in the absence of routine specific control
testing and calibration to verify that the ingredient or parameter of
interest is being reliably controlled by the device. This responsibility
logically relates back to those with regular daily access to the system
(the owner or property manager). The chemical supplier should not
be relegated to staking its reputation and account profitability on
the controller alone without sufficient reliance on the owner who
should follow proper control sampling, testing, logging and review
parameters. Treaters may be forced to ask whether the account rev-
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enue justifies the acceptance of additional responsibility for reliable
control and routine sampling and testing in the event the owner
shirks these responsibilities.

Case Study (Chemical Factors):

A water treatment service company was providing a routine treat-
ment program for the office building cooling towers belonging to a
large iron and steel manufacturer. The towers appeared in all mea-
sured aspects to be well treated and free of any significant indica-
tion of scale, corrosion, and fouling. The cooling water and the
cooling tower appeared clean and free of any microbiological foul-
ing. The treatment program incorporated the use of two different
non-oxidizing microbicides fed on an alternating basis weekly. The
weekly aerobic dip slides and the monthly tests for sulfate reducers,
iron bacteria, slime formers, and algae showed aerobic bacteria and
anaerobic organisms at or below 1(10)*, and <(10)" respectively.

The building owner, out of an abundance of caution, requested that
Legionella testing be performed. Duplicate samples showed 1(10)°
cfu/ml Legionella Pnenmophila Serogroup 1. Subsequent investigation
demonstrated that while the microbial control program was work-
ing well on the populations of interest, it was ineffective with regard
to the control of Legionella.

A change in the program to incorporate products and dosages
known to be effective for Legionella control resulted in a reduction
in Legionella counts to <(10)! cfu/ml. Repeat testing over time veti-
fied that the Legionella count remained below detectable levels. No
further issues resulted.

Conclusion

The foregoing list of issues and case studies is a non-comprehen-
sive list of examples of mechanical, operating, environmental,
microbiological, and chemical factors that may give rise to system
failures despite a sound water treatment program. It is important
to treiterate that duties to investigate, monitot, or "catch" these is-
sues extend beyond that of a routine water treatment program. It is
important that the water treater's roles are clearly defined and that
no legal duty is undertaken by the chemical treater without adequate
client consultation, proper documentation, assessment of the risks
and adequate compensation.

Specifically, it is critical that in the course of educating the client
about certain risks that the water treater has clearly defined its scope
of work to the exclusion of all other responsibilities. Absent clearly
defined roles, the water treater may be targeted in litigation based
on the owner's convenient assumption that any ill that befalls the
system is the treater's responsibility.

Wiater treaters would be well served to discuss potential issues that
may arise despite proper water treatment and to accordingly educate
customers. A well-documented water treatment service program
will narrowly define the duties undertaken commensurate with the
corresponding pay. In the event the treater is hired to provide extra-
contractual services to address the issues identified in this publica-
tion, consideration should be given to the amount of service time
required for a particular account based on the revenue originally
anticipated from standard water treatment. It is highly preferable
that this decision is deliberately made by the water treater and that
additional service is not assigned to the water treater based on the
ownet's assumption. Regardless of the business at issue, those pro-
viding service should be compensated relative to their commensu-
rate risk. Water treaters are no exception and should be adequately
compensated.

Depending upon the circumstances and the risks identified, the
treater may wish to present itself as an advisor with a limited inves-
tigatory role and not a party responsible for remediating the identi-
fied contingencies.
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Cooling Technology Institute
Licensed Testing Agencies

For nearly thirty years, the Cooling Technology Institute has provided ~ all models of a specific manufacturer's line of cooling towers perform
a truly independent, third party, thermal performance testing service  in accordance with their published thermal ratings.

to t_he cooling tower industry. 'In 1995, the CTI also begar} providing  To be licensed as a CTI Cooling Tower Performance Test Agency,
an independent, third party, drift performance testing service as well.  the agency must pass a rigorous screening process and demonstrate
Both these services are administered through the CTI Multi-Agency g high level of technical expertise. Additionally, it must have a suf-

Tower Performance Test Program and provide comparisons of the  ficient number of test instruments, all meeting rigid requirements for
actual operating performance of a specific tower installation to the  accuracy and calibration.

design performance. By providing such information on a specific
tower installation, the CTI Multi-Agency Testing Program stands in
contrast to the CTI Cooling Tower Certification Program which certifies

Once licensed, the Test Agencies for both thermal and drift testing
must operate in full compliance with the provisions of the CTI License
Agreements and Testing Manuals which were developed by a panel
of testing experts specifically for this program. Included in these re-
quirements are strict guidelines regarding conflict of interest to insure
CTI Tests are conducted in a fair, unbiased manner.

Cooling tower owners and manufacturers are strongly encouraged to
utilize the services of the licensed CTI Cooling Tower Performance
Test Agencies. The currently licensed agencies are listed below.

Licensed CTI Thermal Testing Agencies
License Type A, B*

Clean Air Engineering
7936 Conner Rd, Powell, TN 37849
800.208.6162 or 865.938.7555
Fax 865.938.7569
www.cleanair.com / khennon@cleanair.com

Contact: Kenneth (Ken) Hennon Licensed CTI Drift Testing Agencies

Cooling Tower Technologies Pte Ltd Clean Air Engineering

17 Mandai Estate #06-02, Hwa Yew Industrial Building 7936 Conner Rd, Powell, TN 37849
SINGAPORE S729934 800.208.6162 or 865.938.7555
+65.98251247 Fax 865.938.7569
johnny@coolingtwrtech.com www.cleanair.com / khennon@cleanair.com
Contact: Johnny Ong Contact: Kenneth (Ken) Hennon

Cooling Tower Test Associates, Inc. McHale Performance.

15325 Melrose Dr., Stanley, KS 66221 4700 Coster Rd, Knoxville, TN 37912
913.681.0027 / (F) 913.681.0039 865.588.2654 / (F) 865.934.4779
www.cttai.com / cttakc@aol.com ~www.mchaleperformance.com
Contact: Thomas E. (Tom) Weast ctitesting@mchaleperformance.com

Contact: Jacob Faulkner
DMT GmbH & Co. KG

Am Technologiepark 1, 45307 Essen, Germany

+49.201.172.1164
www.dmt-group.de / meinolf.gringel@dmt-group.com
Dr. -Ing. Meinolf Gringel

McHale Performance
4700 Coster Rd, Knoxville, TN 37912
865.588.2654 / (F) 865.934.4779
www.mchaleperformance.com
ctitesting@mchaleperformnce.com
Contact: Jacob Faulkner

* Type A license is for the use of mercury in glass thermometers typically
used for smaller towers.

* Type B license is for the use of remote data acquisition devices which can
accommodate multiple measurement locations required by larger towers.
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Cooling Technology Institute Sound Testing

Clean Air Engineering

7936 Conner Rd
Powell, TN 37849

800.208.6162 or 865.938.7555

Fax 865.938.7569
www.cleanair.com
khennon@cleanair.com

Contact: Kenneth (Ken) Hennon

Cooling towers are used extensively wherever water is used as a cooling medium or process fluid,
ranging from HVAC to a natural draft cooling tower on a power plant. Sound emanating from a coool-
ing tower is a factor in the surrounding environment and limits on those sound levels, and quality, are
frequently specified and dictated in project specefications. The project specifications are expected
to conform to local building codes or safety standards. Consequently, it may be in the interest of
the cooling tower purchaser to contract for field sound testing per CTI ATC-128 in order to insure
compliance with specification requirements associated with cooling tower sound.

Licensed CTI SoundTesting Agencies

Cooling Tower Test Associates, Inc.

15325 Melrose Dr, Stanley, KS 66221
913.681.0027 / (F) 913.681.0039
www.cttai.com / cttakc@aol.com
Contact: Thomas E. (Tom) Weast

McHale Performance

4700 Coster Rd
Knoxville, TN 37912
865.588.2654
Fax 865.934.4779
www.mchaleperformance.com
ctitesting@mchaleperformance.com
Contact: Jacob Faulkner

Cooling Technology Institute Certification
Program STD-201 for Thermal Performance

As stated in its opening paragraph, CTI Standard 201... "sets forth a program whereby the Cooling
Technology Institute will certify that all models of a line of water cooling towers offered for sale by
a specific Manufacturer will perform thermally in accordance with the Manufacturer's published rat-
ings..." By the purchase of a "certified" model, the User has assurance that the tower will perform as
specified, provided that its circulating water is no more than acceptably contaminated-and that its air
supply is ample and unobstructed. Either that model, or one of its close design family members, will
have been thoroughly tested by the single CTI-licensed testing agency for Certification and found to
perform as clained by the Manufacturer.

CTI Certification under STD-201 is limited to thermal operating conditions with entering wet bulb temperatures between 12.8°C and
32.2°C (55°F to 90°F), a maximum process fluid temperature of 51.7°C (125°F), a cooling range of 2.2°C (4°F) or greater, and a cooling
approach of 2.8°C (5°F) or greater. The manufacturer may set more restrictive limits if desired or publish less restrictive limits if the
CTI limits are clearly defined and noted int he publication.

Those Manufacturers who have not yet chosen to certify their product lines are invited to do so at the earliest opportunity. You can
contact Virginia A. Manser, Cooling Technology Institute at 281.583.4087, or vmanser.cti.org or PO Box 681807, Houston, TX 77268

for further information

Agency Name / Address

Clean Air Engineering

7936 Conner Rd
Powell, TN 37849

Cooling Tower Test Associates, Inc.

15325 Melrose Dr.
Stanley, KS 66221

Cooling Tower Technologies Pte Ltd
17 Mandai Estate #06-02B,
Hwa Yew Industrial Building
S729934 Singapore

DMT GmbH & Co. KG
Am Technologiepark 1

Licensed CTI Thermal Certification Agencies

Contact Person / Website / Email

Kenneth (Ken) Hennon
www.cleanair.com
khennon@cleanair.com

Thomas E. (Tom) Weast
www.cttai.com
cttakc@aol.com

Telephone / Fax

800.208.6162 or
865.938.7555
(F) 865.938.7569

913.681.0027
(F) 913.681.0039

Ronald Rayner +61.2.9789.5900
coolingtwrtech@bigpond.com (F)+61.2.9789.5922
Johnny Ong +65.98251247

johnny@coolingtwrtech.com

Dr. Ing. Meinolf Gringel +49.201.172.1164

meinolf.gringel@dmt-group.com

45307 Essen, Germany

McHale Performance

4700 Coster Rd

865.588.2654
(F) 865.934.4779

Jacob Faulkner
www.mchaleperformance.com

Knoxville, TN 37912
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CTI Toolkit Version 3.2

...now Windows 10 compatible

Key Features of CTl Toolkit Version 3.2:

¢ Air Properties Calculator; fully ASHRAE Compliant
psychrometrics. Interactive.

« Thermal Design Worksheet in the “Demand Curve” Tab which can
be saved to file and retrieved for later review. Now with printable
and exportable graphs.

« Performance Evaluator in the “Performance Curve” Tab to evaluate
induced draft or forced draft, crossflow or counterflow cooling tower
performance. Now calculates percent performance or leaving water
temperature deviation. Data can be entered manually or with an input
file. Automatic Cross-Plotting. Now with printable and exportable
graphs.

+ New and Improved Help Files guide you through the software, explain
performance evaluation techniques and offer tips for use.
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System Requirements - Microsoft Windows, XP, Vista, Windows 7 and 10
16 MB ram recommended, and 3 MB free disk space required.
Upgrade Now! Only $25/per upgrade from 3.0 for CTI Members ($40 for Non-Members)

To Order, Call (281) 583-4087 or visit CTI's Website www.cti.orq
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Order Toda y “The Performance Curve n.re.f'hod is widely re:c:lognfzed as a more
accurate method of determining tower capability from measured
Call 281-583-4087 | testdata. The new CTI ToolKit Tab Application provides a quick
and easy method for anyone to evaluate a performance lest using
the procedures prescribed in the ATC-105 code.”
- Larry Burdick, ATC-105 Task Group

Bill to:

Phone: Fax:
Email Address:

Ship to:

Phone: Fax:

Email Address:

Charges can be made to Visa, MasterCard or American Express
Card No.: Expiration Date:
Signature: CVV; CVC; CID Code:
Product Unit Price | Quantity Total
- - - . System
CTI Toolkit Version 3.2 (single user license) Requirements:
CTI Member £395 Microsoft Windows®
Non-member 5450 95/98, 2000, XP, and
CTl ToolKit Version 3.2 (Upgrade from V1.0 and V2.0) Windows 10
CTI Member § 95
MNon-member $120
CTI ToolKit Version 3.2 (Upgrade from V3.0)
CTI Member $ 25
MNon-member 3 40

Shipping for Flash Drive (from Texas):
Priority mall $6; 2 Day Air $18, Overnight Domestic 328; / International (DHL) TEA

Phone: 281.583.4087
Fax: 281.5371721

Web: hitp:/iwww.cti.org

Multi-user site licenses and educational institution pricing available on request
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| Cooling Towers Certified
by CTI Under STD-201

As stated in its opening paragraph, CTI Standard STD-201 "..sets forth a program
whereby the Cooling Technology Institute will certify that all models of a line of evapo-
rative heat rejection equipment offered for sale by a specific Manufacturer will perform
thermally in accordance with the Manufacturer's published ratings..."

By the purchase of a CTI Cergiﬁed model, the Owner/Operator has assurance that the
tower will perform as specified .

*Performance as specified when the circulating water tem-
perature is within acceptable limits and the air supply is am-
ple and unobstructed. CTI Certification under S5TD-201 is
fimited to thermal operating conditions with entering wet
bulb temperatures between 10°C and 32.2°C (50°F to 90°
F), @ maximum process fluid temperature of 51.7°C (125°
F), a cooling range of 2.2°C (4°F) or greater, and a cooling
approach of 2.8°C (5°F) or greater. The manufacturer may
set more restrictive limits if desired or publish less restric-
tive limits if the CTI limits are clearly defined and noted in
the publication.

For each certified line, all models have undergone a technical review for design consistency and
rated performance. One or more representative models of each certified line have been thor-
oughly tested by a CTI Licensed testing agency for certification and found to perform as claimed
by the Manufacturer.

The CTI STD-201 Thermal Performance Certification Program has grown rapidly since its’ incep-
tion in 1983 (see graphs that follow). A total of 64 cooling tower manufacturers are currently
active in the program. In addition, 11 of the manufacturers also market products as private
brands through other companies.

While in competition with each other, these manufacturers benefit from knowing that they each
achieve their published performance capability and distinguish themselves by providing the
Owner/Operator’'s required thermal performance. The participating manufacturers currently
have 143 certified product lines plus 17 product lines marketed as private brands which result
in approximately 38,000 CTI Certified cooling tower models to select from.

For a complete listing of certified product lines, and listings of all CTI Certified models, please
see:

http://www.cti.org/certification.php

Those Manufacturers who have not yet chosen to certify their product lines are invited to do so
at the earliest opportunity. Contact the CTI Administrator at vmanser@cti.org for more details.

70 @ CTI Journal, Vol. 40, No. 2
[ =



y 2018

Thermal Performance
Certification Program Participation
Through June 15

' lllllllllﬂ




Current Program Participants

(as of June 15, 2018)

Program Participants and their certified product lines are listed below. Only the product lines
listed here have achieved CTI STD-201 certification. For the most up-to-date information and
a complete listing of all CTI Certified models please visit:

http://www.cti.org/certification.php

Current Certified Model Lists are available by clicking on the individual line names beneath the

Participating Manufacturer name.

Catalog information and product selection data are also available by clicking on the links be-

neath each listed line.

A

Advance GRP Cooling Towers, Pvt.,Ltd.
Advance 2020 Series A Validation No. C31A-07R03

Aggreko Cooling Tower Services
AG Line Validation Ne. C34A-08R02

Amcot Cooling Tower Corp.
Series R-LC Validation No. C11E-11R02

American Cooling Tower, Inc.
ACF Series Validation No. C38D-18R00
ACX Series Validation No. C38C-18R00

AONE E&C Corporation, Ltd.
ACT-C Line Validation No. C288-09R01
ACT-R/ACT-RU Line validation No. C28A-05R05

Approach Engineering Co., Ltd
MS Line Validation No, CT6A-16R00

EWK Line Validation No. C72C-17R00
EWX Line Validation No. C724-15R02

Baltimore Aircoil Company, Inc.
FXT Line validation No. C114-92R02
FXV Line validation Ne. C11J-98R10
MXF Line Validation No. C11Q-18R00
PF Series validation Ne. C11P-12R02
PT2 & PTE Series Validation No. C11L-07R05
Series V Closed VF1 & VFL vatigation No. C11K-00802

Axima (China) Energy Technology Co., Ltd.

Baltimore Aircoil Company, Inc, continued

Series V Open VTOVT1,VTL &VTL-E
Vatidation No. C1158-92R06

Series 1500 Validation No. C11H-84R08

Series 3000 A,C,D,E, Compass & Smart
Validation No. C11F-92R18

Bell Cooling Tower Pvt, Ltd
BCTI Line Validation No. C43A-12R02

C

Cenk Endiistri Tesisleri Imalat Ve Taahiit A.S.
LEON Line Validation No. C89A-17R00
LISA Line Validation No. CB9B-17R00

Composite Cooling Solutions, Inc.
PLC Line validation No. C79A-17R00

Cool Water Technologies
RTAi Line validation No. C52A-13R02
RTi Line validation No, C52B8-13R01

Decsa
RCC Series validation No. C42C-14R00
TMA-EU validation No. C42C-17R00

Delta Cooling Tower, Inc.
TM Series Validation No. 02-24-01

Delta (India) Cooling Tower Pvt, Ltd
DFC-60UX Line Validation No. C85A-18R00

Dongguan Ryoden Cooling Equipment Co., Ltd
RT-L&U Series validation No. CT1A-15R02
RTM-L Series validation No. C71B-15R00
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Elendoo Technology (Beijing) Co., Ltd.
EL Line Validation No. C50C-15R02
ELOP Line Validation Ne. C508-14R02

Ebara Refrigeration Equipment & Systems Co.
CDW Line Validation No. C53A-13R03
CXW Line Validation No. C538-14R01

Evapco, Inc.
AT Series Validation No. C13A-99R19
ATWEB Series Validation No. C13F-09R09
AXS Line Validation No. C13K-15R03
ESWA & ESWB Series Validation No. C13E-06R09
L Series Closed Validation No. C13G-09R04
L Series Open Validation No. C13C-05R03

F

Flow Tech Air Pvt Ltd
FTA Series Validation No. C694-16R01

(o

Genius Cooling Tower Sdn Bhd
MK Series Validation No. C67C-18R00
MT Series Validation No. C67A-16R00
MX Series Validation No. C678-16R00

Guangdong Feiyang Industry Group Co., Ltd
LK Line Validation No.C77A-17R00

Guangdong Zhaorin Industrial Co., Ltd
SRN Series Validation No.C954-17R00

Guangzhou Goaland Energy Conservation Tech
Co., Ltd.

GLH Series Validation No. C96A-17R00

GLN Series Validation No. C96B-17R00

Guangzhou Laxun Technology Exploit
Company, Ltd.

LC Line Validation No. C45F-16R00

LMB Line Validation No. 12-45-02

PG Line Validation No. C45G-17R00

PL Line Validation Ne. C45E-16R01

Guntner U.S. LLC
ECOSS Line Validation No.C84A-17R00

H

Hon Ming (Guang Dong) Air Conditioning Equip-
ment Company, Ltd.
MK Series Validation No. CE6A-15R02

Hunan Yuanheng Technology Company, Ltd.
YCF-H Line Validation No. C40C-16R00
YHA Line Validation No. C40A-11R03
YHD Line Validation Ne. C408-15R00

HVAC/R International, Inc.
Therflow Series TFC Validation No. C288-09R01
Therflow Series TFW Validation Ne. C284-05R05

Industrial Mexicana, S.A. de C.V.
Series 1000 Validation No. C60A-15R00
Series 2000 Validation No, C608-16R00
Series 6000 Validation No. CBOC-15R800

J

Jacir
DTC ecoTec Validation No. C46E-18R00
KS Line Validation Mo. 12-46-01
KSF Line Validation No. C468-15R00
S Series Validation No. C46D-18R00
VAP Line Validation No. C46C-16R01

Jiangsu Dayang Cooling Tower Co., Ltd.
HLT Line validation No. C34A-14R02

Jiangsu Greenland Heat Transfer Technology Co.
GBH-TS Line Validation Ne. CB7A-18R00

Jiangsu i-Tower Cooling Technology Co., Ltd.
REH Series Validation Ne. C758-16R00
TMH Series Validation No. C75A-16R00

Jiangxi Ark Fluid Science Technology Co., Ltd.
FKH Line Validation No. C83A-17R00

Ji'Nan Chin-Tech Thermal Technology Co., Ltd.
CTHX Line Validation No. C91E-16R00
CTNX Line Validation Ne. C91D-16R00

K

Kelvion B.V.
Polacel CF Series Validation No. C25A-04R02
Polacel XF Series Validation No. 13-25-02

KIMCO (Kyung In Machinery Company, Ltd.)
CKL Line Validation No. C188-05R03
Endura Cool Line Validation No. C184-93R08

King Sun Industry Company, Ltd.
HKE Line Validation Mo. C354-09R04
HKD Line Validation No. C358-09R04
KC Line Validation No. C35-11R01
KFT Line Validation Ne. C35D-16R00




L

Liang Chi Industry Company, Ltd.
LCTD Line Validation No. C20J-18R00
LCTR Line Validation No. C20H-17R00
Series C-LC Validation No. C208-09R02
Series D-LC Validation No. C20F-14R02
Series R-LC Validation No. C11E-11R03
Series U-LC Validation No. C20D-10R04
Series V-LC vaiidation Ne. C20C-10R01
TLC Line validation Ne. C20G-16R00

Marley (SPX Cooling Technologies)
Aquatower Series Validation No. 01-14-05
AV Series Validation No. C14D-98R03
DTW Series vaiidation No. C14N-16R01
LW Series Validation No. C14P-16R01
MCW Series Validation No. 06-14-08
MD and CP Series validation No. C14L-08R07
MHF Series validation No. C14G-04R08
MNC Series Validation No. C144-92R20
MNX Series Validation No. C14M-15R01
Quadraflow Line Validation No. 92-14-02

Mesan Cooling Tower, Ltd.
MCC Series Validation No. C26G-12R03
MFD Series validation No. C26J-16R01
MXC Series Validation No. C26H-12R01
MXR-KM, MXL, MXH Series validation Ne.C26C-08R08

MITA S.r.l.
PM Series Validation No. C568-16R00

N

NIBA Su Sogutma Kulerleri San, ve Tic, A.S.
HMP-NB Line Validation No. C55A-14R01

Nihon Spindle Manufacturing Company, Ltd.
KG Line Validation No. C338-12R05

0

OTT Company, Ltd.
OTTX Line Validation No. 12-44-02
OTTX-C Line Validation No. C44D-14R00

Ocean Cooling Tower Sdn Bhd
YC Series Validation No. C86A-17R00

P

Paharpur Cooling Tower, Ltd.
CF3 Line validation No. C51A-13R02
OXF-30K Line Validation No. C518-14R00

Protec Cooling Towers, Inc.
FRS Series Validation No. 05-27-03
FWS Series Validation No. C27A-04R06

Reymsa Cooling Towers, Inc.

(Fabrica Mexicana de Torres, SA de CV)
HFC Line Validation No. C22F-10R4
RT & RTM Series Validation No. C22G-13R05

Rosemex, Inc.
RC (RSC/D) Series Validation No. C54A-13R03
RO (ROSID) Series Validation No. C44-14R02

RSD Cooling Towers
RSS Series Validation No. 08-32-01

Ryowo (Holding) Company, Ltd.
FRS Series Validation No. 05-27-03
FVS Series Validation No. 12-27-06
FWS and FCS Series Validation No. C27A-04R06

S

Shangdong Grad Group Co., Ltd.
GAT Series Validation No. C88A-17R00

Shanghai ACE Cooling Refrigeration Technology
Col, Ltd.
AC Line Validation No. C80A-17R00

Shanghai Baofeng Machinery Manufacturing Co.,
Ltd.
BTC Line Validation No. C494-12R01

Shanghai Liang Chi Cooling Equipment Co., Ltd.
LCM Line Validation No. C62A-14R00
LNCM Line Validation No. C62B-16R00
LRS Line WValidation No. C62C-16R00

Shanghai Wanxiang Cooling Equipment Co., Ltd.
FBH/HL Line Validation No. C544-13R03
FKH/FKHL Series Validation No. C94A-14R02

Sinro Air-Conditioning (Fogang) Company, Ltd.
CEF-A Line Validation No. C378-11R02
SC-B Series Validation No. C37C-11R02
SC-H Series Validation No. C37A-10R02
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Sung Ji Air-Conditioning Technology Co., Ltd.
SJCO Series Validation No. C746-16R00
SJMO Series Validation No. C74A-16R00

T

Ta Shin F.R.P. Company, Ltd.
TSS Series Validation No, 08-32-01

The Cooling Tower Company, L.C
Series TCIA Validation No. C298-15R00

Thermal-Cell sdn bhd
TYH Line Validation No. C404-11R03

Tower Tech, a div. of CPK Manufacturing, LLC
TTXL Line Validation No. C17F-08R04
TTXR Line Validation No. C17F-15R00

Truwater Cooling Towers, Inc.
EC-S Series Validation No. C41A-12R04
EX-S Series Validation No.C41B-12R04
VXS Series Validation No. C41C-13R01

W

Wuxi Ark Fluid Science Technology Co., Ltd.
FBF Line Validation C78A-16R00

Wuxi Fangzhou Water Cooling Equipment Co.,
Ltd.
FHB Line Vvalidation C64C-18R00

Y

York (By Johnson Controls)
AT Series Validation No. C13A-99R19
LSTE Line validation Ne. C13G-09R03

Z

Zhejiang Dongjie Cooling Tower Co., Ltd.
DHC Line Validation No. C638-15R00
DMNC Line Validation No. C63A-15R00

Zhejiang Haicold Cooling Technology Co., Ltd
SF Line Validation No. C764-16R00

Zhejiang Jinling Refrigeration Engineering
Co.,Ltd.

JFT Series Validation No. C28C-16R01

JNC Series Validation No. C268-09R01

JNT Series Validation No. C28A-05R05

Zhejiang Shangfeng Cooling Tower Co., Ltd.
SFB Line validation No. C73A-15R01

Zhejiang Wanxiang Science and Technology
Company, Ltd.

WEH Line Vvalidation No. C964-17R00

WEN Line Validation No. C968-17R00

Always look for the CTI Certified
Label with Validation Number
on Your Equipment

1=1=2)

MANUFACTURER'S PUBLISHED THERMAL
PERFORMANCE IS CERTIFIED BY THE
COOLING TECHNOLOGY INSTITUTE UNDER
THE PROVISIONS OF STD-201 (

Certification Validation Nurmber
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AMARILLO

Gear Company has built a
worldwide reputation for building

quality gear drives and composite drive
shaft assemblies during its 95 year history.
While others farm-out and piecemeal,
Amarillo sfill designs and manufactures its

et fl Mt [

gears and builds them in Amarillo, Texas.
Amarillo is 1SO 9001:2008 quality
cerfified and stands behind their extensive line of
right angle spiral bevel cooling tower fan drives,
including single and double reduction models.
They also 100% manufacture the high

quality A Series drives for drop-in replacement

of other manufacturer’s models, complete with
the backing of Amarillo’s warranty.

Tested. Proven. Amarillo.

Want to know more? Please contact our staff of sales
representatives or gear engineers for a quick response

to your fan drive needs.

Amarillo
Gear
Company LLC

www.amarillogear.com (806) 622-1273

info@amarillogear.com

::: A Marmon Water/Berkshire Hathaway Company




From NC*® to Everest”,
There’s a Marley Cooling Tower to #KeepltCool

Marley" NC" Cooling Towers offer the highest single-cell cooling capacity range®, from 101-2189 tons

With all NC models, you can expect:

« Low fan power requirements

* Lowest available drift rates

» Sound data that is independently validated
» CTl certification

«  FM Approval options

Learn More: spxcooling.com/nc
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