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View From

The Tower

HAPPY NEW YEAR!!!

We are only a few days into 2021 as I write this, and ev-
eryone still seems to be relishing the fact that 2020 is
in the rearview mirror. It was certainly a year like none
other that most of us can recall, and there certainly is a
lot that happened to support the idea that 2020 was the
“worst year ever”.

But...

As my wife reminded our own family recently, the year
was not a complete loss. In fact, as we talked about it at
our house, we recalled a lot of good things that happened
to the four of us over the course of 2020. For instance:

Our kids’ schooling was reduced to a few hours a day at
our dining room table or on the couch, but they spent
more time exploring the woods and creecks behind our
house and playing outside this spring than they had in the previous decade
combined.

The big vacation that we had planned to celebrate my wife’s 40th birthday
was canceled, but her birthday present became a new four-legged member
of the family that raises the happiness quotient daily at our house.

I was sent home in mid-March and haven’t been able to work a day in-
side my Southern Company office since then, BUT...okay, really there’s no
downside to that.

So, while 2020 was different, that didn’t necessarily mean it was all tet-
rible. And I think that view can also apply to the CTT. While COVID-19
impacted some people’s ability to attend our Winter Meeting in February
and caused us to cancel our annual summer meeting entirely, we were able
to successfully hold the first ever Virtual CTT Committee Workshop in July.
Not only did this allow us to keep moving forward with the important work
of maintaining our Codes and Standards documents, it also gave us ex-
tremely valuable experience with technology platforms necessary to stream
and connect with a virtual audience. This type of experience is invaluable
to us as an organization as we continue to operate in a world that becomes
more and more digitally based. And quite frankly, while I love all the people
in the CTI, let’s just agree that we are not always the most innovative, cut-

CTR's experienced fabricators
and extensive CNC capabilities
allow us to ship fabricated
orders and assemblies efficiently
to your cooling towers.

You can always count on CTR
for quality supplies and great
customer service.

Chris Lazenby

Yuur One Stoyp anhng aner Shop!

ting-edge organization, so it may have taken something
like this to force us to get this point!

Also, while not directly related to the pandemic, we had
the rare occurrence of all three of our standing Technical
Committees: Water Treatment, Engineering Standards &
Maintenance, and Performance & Technology, changing
their Chairs in 2020 (Water Treatment actually had two
new chairs over the course of the year). Yet despite the
turnover in leadership and without being able to meet in
person, each committee continued to move forward issu-
ing needed revisions to our existing Codes and Standards
documents and working on new ones. A big thank you to
James Blake, Jared Medlen, Dwight Emerich, and Brian
Corbin for their leadership and to everyone who partici-
pated in these efforts.

Finally, as many are aware, we have been working for
some time now on starting a Materials Certification program. However,
after spending years spearheading that effort, Denny Shea, decided that
he needed to step down from his role as coordinator. But, longtime CTI
member and former President, Frank Michell, graciously agreed to take
over from Denny and continue working to get that program started. Thank
you, Denny, for all your efforts over the years, and thank you Frank for be-
ing willing to help us move forward!

Speaking of moving forward, while the world does seem to be moving
more and more in a digital direction, I believe there are things that happen
during face-to-face gatherings that cannot be duplicated entirely across a
screen. So, while I think we need to keep working to broaden our digital
presence, meeting in person will continue be of vital importance to the
CTI. That is why we have taken the unprecedented step of moving our
2021 Annual Conference from its traditional February date back to April
11-15. It is our sincere hope that by this point in time, the pandemic may
have subsided enough that an in-person meeting might still be possible. 1f
that ends up not being the case, it will certainly be disappointing, but if this
year has taught me anything it is that you as the CTI will continue to be
flexible, adapt, and move forward.

So, here’s to hoping we can see each other in New Otleans! And whatever
happens, thank you for being the CTT, and please continue to stay safe!

COOLING TOWER RESOURCES
FOR MORE INFORMATION
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Editor’s Corner

Writing this in the 9th month of pandemic impacts
and counting down to a new year. Vaccines have
started, and are likely late spring for my wife and me.
We are looking forward to some return to normalcy
in 2021, let it be so... On behalf of many friends
who are providing health care and who are at risk for
infections, thank you to all who are wearing masks to
protect others.

CTT continues to be active in working to influence
governmental and other organization standards ac-
tions that impact our members, note that activity has
slowed somewhat. A brief overview:

California Title 24 — We believe that they will push
for increased energy efficiency for evaporative heat
rejection equipment in future revisions, but not in the current one.

California Title 20 — It appears that they will hold to the exemption
for heat rejection equipment fan efficiency requirements. We have
still not yet seen language to confirm that.

ASME Boiler & Pressure Vessel Code — The scope task force is still
pushing to remove the exemptions for less than 6 vessels and for
those with non-boiling water. CTI has joined other organizations
in written opposition to this since other standards have evolved to
cover such equipment. It was not in the current revision, but it still

SAVE MONEY WITH HARMONY

Paul Lindahl

on the agendas for the BPVC scope task force.

Legionnaires’ — CTT has published GDIL-159 for
evaporative heat rejection equipment (cooling tow-
ers (open and closed loop) and evaporative condens-
ers). ASHRAE Guideline 12-2020 has been released.
Both are important enhancements to writing Water
Management Programs per ASHRAE Standard 188-
2018. ASHRAE Standard 514P is in development to
cover other building water system hazards, and CT1
has official organization representatives, Helen Cerra
and Frank Morrison. An advisory public review is
planned for Spring 2021.

CTT R&D is continuing to be active in exploring and
developing R&D projects. They should be proposed
through the standing committees and program committees.

Our goal is to introduce a new CTI regulatory update newsletter
this Spring for CTT members only. Be looking for it by email.

The Virtual meetings in July went well, I think. The winter meeting
for 2021 has been delayed to April in New Orleans, time will tell
whether it can happen by April. Check the CTT website for updates.
Hope to talk with many of you then, whether in person or virtual!
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Extending The Life of Reinforced

Concrete Cooling Towers

David Whitmore, P.Eng. and Garth Fallis, P.Eng.,
Vector Corrosion Technologies

Abstract

Reinforced Concrete Cooling Towers are a main-
stay of industries that require the cooling of sys-
tems and process water. The environment these
cooling towers see varies widely from forced-air
cooling towers for mineral water to natural draft
cooling towers for brackish water. All these en-
vironments can have a detrimental effect on the
condition and longevity of the reinforced concrete.
This presentation will look at options for repairing
and extending the life of these reinforced concrete
cooling towers. The topic will be explored using two case stud-
ies; Coal Crecek Station in North Dakota using structural concrete
repair, waterproofing, beam replacement, and protective coatings;
and a Mid-Atlantic Generating Station with a variety of impressed
current and galvanic cathodic protection systems. Fach repair and
restoration is expected to extend the life of the cooling tower in
excess of 25 years.

Cooling Towers

Cooling tower are used to cool process water for industrial facilities.
The two cooling towers we are discussing in this paper are very dif-
ferent in design and process.

The Mid-Atlantic Cooling Tower is a reinforced concrete hyper-
bolic shell natural draft cooling tower. The tower is the main com-
ponent of a closed-cycle water cooling system, in which the process
water is sourced from the nearby brackish river. The hot water is
sprayed into a basin at the base of tower to cool it. The steam (hot
moist air) raises via convection, through a filter bed and out the top
of the tower.

The Coal Creek Station Cooling Tower is a mechanical draft cooling
tower. Three mechanical draft cooling towers operate at the power
station, each 42” high and 225’ in diameter, equipped with eight 28’
diameter fans. Hot water from the plant is introduced to the top of
the tower and is cooled by a counter-flow of air drawn from below.
The water is finally collected in the cool water basin at the base of
the cooling tower. The cooling water basin and the interior beams
and columns are built with cast-in-place reinforced concrete and
the elevated hot water basin is constructed with precast concrete
elements.

Mid-Atlantic

The Mid-Atlantic Generating Station (Fig. 1) is a combination coal
and natural gas generating station the brackish water from a local
river as it’s cooling water. Over the years as this brackish water rose
up with the positive draft of the Cooling Tower the chloride pen-
etrated into the concrete causing the reinforcing steel to corrode.

David Whitmore

Structure Description

The diameter of the cooling tower varies with
height, creating its distinct hyperbolic shape with
the throat (smallest diameter) at approximately
two-thirds height. Horizontal construction joints
spaced at approximately 5-foot intervals form 70
identifiable concrete placement “lifts.” The shell is
8-inches thick over its height and tapers over five
lifts to a 36-inch thick bottom ring beam and over
three lifts to a 26-inch thick top cornice ring, The
shell is reinforced with a mat of vertical (meridi-
onal) and horizontal (circumferential) steel rein-
forcing bars at both the interior and exterior faces
and is supported by 32 precast reinforced concrete
X-columns that are approximately 60-feet tall with a 20 by 33 inches
cross section.

Fig. 1 Mid-Atlantic Generating Station Cooling Tower

Operational History and
Deterioration

The cooling tower was placed into service in 1975. The unit is a
peaking unit that runs intermittently to meet peak energy grid de-
mands and uses brackish process water sourced from the nearby
river.

In the mid-1980s, the exterior face of the tower shell began to ex-
perience concrete deterioration. By the early 2000s, similar issues
were apparent at the supporting X-columns. Since then, concrete
deterioration caused by corrosion of the embedded reinforcing
steel progressed significantly, including large areas of concrete de-
lamination and spalling at the shell exteriors, large areas of concrete
delamination at the shell interiors, and cracking and delamination in
the supporting X-columns.

e Several condition assessments of the tower were conducted
during the period 2006 to 2013 to characterize deterioration
mechanisms and extent, assess structural integtity, and develop
repairs to meet the owner-defined 25-year service life exten-
sion. The resulting comprehensive repair program, conducted
from 2014 to 2018, included an engineered demolition and

(o< 7 % CTI Journal, Vol. 42, No. 1



rebuild of the upper third of the tower as well as substantial
repairs and installation of cathodic protection systems across
the nearly 200,000 square foot concrete shell. Critical to plant
operations, the tower remained fully operational throughout
construction.

Cooling Tower Rehabilitation
The rehabilitation of the Mid-Atlantic Cooling Tower included:

e Removal and replacement of the top 100 ft of the tower
* Concrete spall repairs on the exterior and interior of the shell

 Cathodic Protection of the entire structure
°  Galvanic Cathodic Protection (GCP) on the X Column legs
o Impressed Cathodic Protection (ICCP) in the new top of
the tower
o ICCP on the shell

Tower Cathodic Protection

To extend the useful life of the cooling tower it was decided that a
cathodic protection system would be installed on the tower.

Corrosion Basics

To better understand the repairs, we need to understand the corro-
sion mechanism (Fig. 2).

Steel is manufactured in a process in which raw iron ore is extracted
from the ground and goes through a process of adding energy to
the iron to transform it into the steel that we know and use for re-
inforcing steel in concrete. This steel is constantly trying to return
to its natural state by giving off the energy and transforming back
to iron oxide.

In concrete, external agents accelerate this corrosion process with
the most significant of these being chlorides, or salt. Once the

chloride penetrates to the level of the reinforcing steel through
the pores in the concrete, it initiates and accelerates the corrosion
activity.

FeCl,+ 20 — Fe(OH), + 21
26e(OH), +/,0, — F,0,+2H,0

«  20W - " [
5 e | Fe,0,
| P

Fig. 2 Reinforcing Steel Corrosion Process

This corrosion starts with breaking down the protective passive lay-
er on the reinforcing steel that has been generated by the high pH
of the surrounding concrete. Once the passive layer is destroyed,
a corrosion cell between the contaminated reinforcing and other
reinforcing, that is still passive, is developed creating an anode and
a cathode. At the anode the corrosion of the reinforcing continues
developing ferrous oxide (Fe203). This ferrous oxide has volume
of 8 to 10 times that of the original steel from which it has trans-
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formed. This volumetric expansion puts pressures on the concrete
and over time causes it to crack and eventually spall.

Corrosion Mitigation

On the Mid-Atlantic Cooling Tower, to provide optimal corrosion
mitigation, four different sections of the tower (Fig. 3) used four
different corrosion mitigation methods:

* The X Column support legs used a galvanic system

* The top section of the tower, which was removed and replaced,
used an Impressed Current Cathodic Protection ICCP) sys-
tem with titanium ribbon embedded in the new concrete

e The middle section of the tower, with an ICCP system with
titanium ribbon embedded in slots in the existing concrete

e The lower section of the tower, with an ICCP system with
ceramic titanium discrete anodes embedded in holes drilled in
the existing concrete

Ribbon Anode -
in New Pour

; n Slots \
LFT30=F - =y A
_'_:/ . in Existing Concrete l\
7l T

P i g

..'z'f_.' " /

Discrete ICCP

VAYAYAVAYAY

Galvanic Anode Jackets

Fig. 3 Cathodic Protection Systems Layout

X Column Rehabilitation

Thirty of the 32 X-columns exhibited visible deterioration. The
lower half of the X-columns, below the water distribution media,
exhibited the greatest deterioration, which primarily consisted of
longitudinal cracking and delaminations at the corners associated
with corrosion of embedded reinforcement.

X-Column Cathodic Protection

The X-column environment is wet and subject to a wide range of
service temperatures (0 °F to 125 °F). The GCP jackets are com-
prised of alkali-activated zinc anodes installed on the column faces
that are encapsulated with cement grout inside stay-in-place fiber
reinforced polymer forms. To protect the X Columns, distributed
galvanic anodes were installed on the surface of each X Column
legs and connected to the reinforcing steel. To protect the anodes,

T'f". CTI Journal, Vol. 42, No. |  e————————————————————————————— )



and enhance their performance, the legs were surround by a fiber-
glass jacket with the space between the jacket and the columns,
where the anodes were located, being filled with a cementitious
mortar (Fig.7 to 8).

Fig. 6 Install and Grout Jacket
Sequence of X-column galvanic jacket installation.

10

The galvanic system essentially operates as a low-voltage battery
supplying protective current to the column reinforcing steel. Four
X-columns were instrumented with reference electrodes to monitor
and assess the GCP performance over time.

Galvanic Cathodic Protection

Galvanic cathodic protection provides the electrons to the corrod-
ing steel by means of connecting dissimilar metals, ie. connecting a
metal that is more electro-negative than steel, such as zinc or mag-
nesium, to the steel. The more electro-negative metal releases elec-
trons that flow to the steel and replaces the electrons being lost in
the corrosion process, thus stopping the corrosion activity.

There are embedded galvanic anodes that are specifically designed
for use to protect reinforcing steel in concrete. The embedded gal-
vanic anodes for concrete are designed with a zinc core surrounded
by a special highly alkali mortar, which keeps the zinc actively cor-
roding over time. These galvanic anodes come in variety of shapes
and sizes so they can be best designed to suit specific applications.
(Fig. 9 to 11)

(47  CTI Journal, Vol. 42, No. 1
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Galvanic Cathodic Protection
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Galvashield XP prevents “Ring Anode” Corrosion

Fig. 9 Galvanic Anode for Patch Repair

Corrosion Control Anode Installation

Corrosion Activity
is

&

Anode Galvanically
Protects
Surround

v

Fig. 10 Galvanic Anode for Drilled in Application

Note: ‘Ring Anode” Corrosion is the corrosion of the reinforcing steel
immediately outside a repair due to clean reinforcing the new repair
becoming a cathode and increasing the corrosion of the reinforcing
steel just outside the repair.

Fig. 11 Galvanic Anode for Marine Application

Other forms of galvanic anodes for protecting reinforcing steel are
surface applied. Again these are zinc, but in this case it is arc-spray
applied to the concrete surface, then attached to the reinforcing
steel to provide the protection. (Fig. 11A & 12) These anodes are
design to provide protection to a large area, such as the outside of a
bridge pier, marine facility, chimney or cooling tower.

=
-

Fig. 12 Activated Arc Sprayed Zinc Project Installation

Shell Rehabilitation

Shell Engineered Demolition and Rebuild

Demolition of the upper third of the shell was performed by saw
cutting roughly 5-foot by 8-foot sections of the tower shell from
project-specific fabricated moveable saddle platform rigs that tra-
versed around the tower circumference. (Fig. 13 & 14) Cut concrete
panels were secured and lowered to ground via cranes positioned
around the tower. In total, approximately 60,000 square feet of con-
crete shell were safely removed.

Fig. 13 Demolition of upper third of the tower in progress.
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pended platforms. (Fig. 19) Repairs followed ICRI and ACI guide-
lines and shotcrete nozzlemen were prequalified on-site specifically
for the project.

Fig. 14 Saw-cut demolition panel showing delamination
cracking at both interior (top) and exterior (bottom) faces.

The shell rebuild matched the geometry of the original design and
was constructed from a propriety full-circumference, self-climbing

(up and down) three-level work platform with a built-in jump-form
system. (Fig.15 & 10) Fig. 17 Partial-depth concrete repair area. Note horizontal
saw-cut slots for ICCP ribbon anodes.
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Fig. 16 Three-level self-climbing work platform

Shell Repair

Partial-depth and full-depth concrete repairs using dry-mix shot- . .

crete were performed on the lower two-thirds of the intetior and Shell Cathodic Protection

exterior faces of the shell. (Fig. 17 &18) Exterior face access was  Three types of ICCP systems were used at different sections of the
provided by the proprietary climbing work platform used during —shell. In the heavily reinforced, thickened concrete base of the shell,
the rebuild, and the interior face was accessed from heavy duty sus- ~ OVer 4,300 discrete titanium suboxide ceramic tube anodes were

Fig. 19 Heavy duty interior work platforms.
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installed in drilled holes and grouted into the center of the thick
wall section to provide protection to both the interior and exterior
reinforcing mats. Mixed metal oxide-coated titanium ribbon mesh
anodes, grouted into slots cut in the exterior surface of the shell
(Fig. 20) using ionically conductive cement grout provide protec-
tion to both mats of reinforcing in the 8-inch thick shell section. In
the reconstructed upper shell portion, ribbon mesh anode was in-
stalled between the reinforcing layers prior to placing the concrete.
In the rebuilt shell, the ICCP is only “trickled” to prevent corrosion
from initiating. In total, over 6 miles of ribbon mesh anode were
installed.

Fig. 20 Grouting ribbon anode in continuous
saw-cut slot at shell exterior.

Impressed Current Cathodic Protec-
tion (ICCP)

Impressed current cathodic protection also stops the corrosion ac-
tively by providing electrons to the corroding steel, but in this case
the electrons come from an external power supply. An ICCP sys-
tem consists of an anode and a DC power rectifier. The DC power
supply receives power from an outside source and then with it con-
nected on the positive side to the anode and the negative side to
the reinforcing steel it creates a corrosion mitigating circuit. Once
energized the DC rectifier sends electrons to the reinforcing steel

providing the corrosion protection. (Fig.21)

Impressed Current Cathodic
Protection (ICCP)
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Fig. 21 Impressed Cathodic Protection Schematic

The key vatiation in an ICCP system is the anode. The anodes
come in a variety of forms, mixed metal oxide titanium ribbon, tita-
nium mesh, ceramic titanium discrete anodes, and others. (Fig. 22 &

23) The mixed metal oxide titanium is chosen because even though
it “corrodes” it does not lose its effectiveness or change in volume.

Fig. 22 Titanium Ribbon Anode

Fig. 23 Ebonex Discrete Anode

ICCP system with titanium ribbon em-
bedded in the new concrete

The top portion of the tower concrete damage due to the corrosion
of the reinforcing steel was so extensive the entire top 100 feet was
removed and replaced. Knowing that if left unattended that the
corrosion activity on the top of the tower would continue to be
severe, it was decided to install an ICCP system in the new conctrete.
In this case, a titanium ribbon anode was embedded into the new
concrete. (Fig. 24 & 25) These anodes were connected to the DC
rectifier located at the base of the tower.
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Fig.25 Ribbon anode ready for new concrete

ICCP system with titanium ribbon em-
bedded in slots in the existing concrete

In the middle portion of the tower, the reinforcing steel had cor-
roded to the point of causing some concrete damage, but not
enough to cause it to have to be replaced. To stop future corrosion
and concrete damage an ICCP system with titanium ribbon anodes
embedded in slots on the concrete were installed.( Fig. 26 & 27)
Again these anode were connected to the DC rectifier located at the
base of the tower.

Fig. 26 Sawcutting slots for ribbon anode

MCTI Journal, Vol. 42, No. 1
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Fig. 27 Grouting slots after ribbon anode installed

ICCP system with ceramic titanium
discrete anodes embedded in holes in
the existing concrete

On the lower section of the tower the reinforcing steel was also
corroding. In this case, the concrete was up to 40 inches thick with
reinforcing steel that needed to be protected on both the inside and
outside face of the tower. To provide protection to both layers
of reinforcing ceramic titanium discrete anodes embedded in holes
was chosen as they could be installed in the middle of the wall close
to both layers of reinforcing. (Fig. 28 & 29) Again these anode were
connected to the DC rectifier located at the base of the tower.

15



Power Supply and DC Rectifier

An extensive system of wiring and conduits were required to con-
nect the three different anode systems to the DC Rectifier. (Fig. 30
to 34) To best operate the ICCP system the tower was divided into
48 zones, with no splices, each with its own connection to the recti-
fier. Each zone had to be connected with a full length wire with no
splices.

Fig. 30 Installing Conduit and Wiring

Fig. 33 Rectifier Control Panel Box

Fig. 31 Conduit

16
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Tower Restoration

After 40 years of use, cooling tower #91 was showing its age and
required extensive attention. If the entire cooling tower was demol-
ished and rebuilt, including the intetior concrete structure, it would
be very costly and require a long downtime. Even though the cool-
ing tower was showing signs of advanced detetioration, it was de-
termined that the concrete could be preserved, and so an extensive
restoration and rebuild of the cooling tower was planned during an
extended 6-1/2 week shutdown in May, 2017.

A large amount of work was to be completed in a short amount of
time; planning and coordination between the owner and contractors
was critical to completing the time sensitive project efficiently and
safely. It was determined that the cooling tower rebuild required the
following steps:

* Demolition of the exterior structure which was originally built
with pressure treated lumber framing and sheet metal, thus
exposing the interior concrete structure. (Fig, 30)

* Concrete rehabilitation work including structural concrete re-
pair, crack repair, waterproofing, beam replacement, and pro-
tective coatings.

* Installing the new field-erected FRP exterior structure con-
nected to the rehabilitated concrete frame.

A o q

Fig. 34 Rectifier Control Panel Wiring

Controlling and Monitoring the ICCP
System

The entire ICCP system is able to be monitored and controlled re-
motely using the StructureView remote monitoring system. (Fig 35)
Each zone has its own controls, and constant readings are taken
to access its performance. Should adjustments need to be made to
optimize the systems performance they can also be made remotely. cooling tower to expose the interior concrete structure.

The structure’s age, years of constant heavy use, leaking water
through joints in the precast concrete hot water basin (Fig. 37) and
freeze thaw cycling were the primary sources of the concrete dete-
rioration as evidenced by rust staining, cracking, spalling, concrete
delaminations and general wear. The North Dakota environment
is rather extreme with a 180 oI variation between its highest and
lowest recorded temperatures, the 3rd largest variation of any U.S.
State.
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Fig. 35 ICCP Monitoring System Readout

With the installation of the Galvanic Cathodic protection system in-
stalled on the X Column support legs and the ICCP system installed
on the tower, the life of the Mid-Atlantic Cooling Tower # 3 has
been extended 25 years and beyond.

Coal Creek Station

Coal Creek Station is located about 50 miles north of Bismarck.
Coal Creek Station is North Dakota’s largest power plant and dis-
tributes electricity into the Twin Cities of Minnesota, Minneapo-
lis and St. Paul. Coal Creek Station operates two late 70’ vintage
lignite-fired generators and combined have a capacity of more than

1,100 MW Fig. 37 Leaking joints in precast concrete hot water basin
led to deterioration throughout the concrete structure.
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Project Planning

During autumn 2016, the project team was able to inspect to gather
information for pre-planning an efficient shutdown the following
May. A visual inspection and sounding survey was conducted to
identify defects, estimate quantities, develop a repair strategy, and to
create a detailed project schedule. This planning phase was a key to
successfully completing the critical path concrete repair work within
an allotted 5 weeks’ timeframe.

To preserve the structure, the concrete repair scope of work
included:

* Epoxy injection to bond and seal cracks

* Remove delaminated and spalled concrete and replace with high per-
formance concrete

* Installation of an alkali-activated embedded galvanic anodes to miti-
gate patch accelerated corrosion

e Precast concrete joint repair and waterproofing

* Removal and replacement of severely deteriorated precast concrete
beams

* Installation of new reinforced concrete pedestals into the cold water
basin and trench to support the new FRP structure

* Installation of epoxy coating on the hot water basin’s vertical direc-
tional fins

Hot Water Basin Repair

The floor of the hot water basin was essentially constructed using
upside-down precast double tee beams such that the beam stems (or
upright “fins”) created a channel for steady water flow and reduced
turbulence.

The primary deterioration in the floor was the vertical fins. Dete-
riorated and freeze-thaw damaged concrete was removed and ad-
ditional steel, anchors and galvanic anodes were installed to protect
the corroding fins. (Fig. 38 to 41) After temporary formwork was
installed, the concrete was replaced with a high eatly strength / high
performance concrete consisting of microsilica, fly ash, water re-
ducet, air entrainment and a 0.45 water:cement ratio that was cus-
tom designed for the application. High range water reducers were
added to achieve the desired slump for workability.

The ready mix repair material placed into a concrete bucket and
lifted by crane to the hot water basin where it was wheel barrowed
to the fins to complete the form and pour concrete repairs. To pro-
tect the fins, a 100% solids hybrid novolac protective coating was
applied at an approximate 15 mils dry film thickness. The selected
protective coating exhibits excellent water immersion resistance af-

ter only 3 days of curing.

Fig. 38 Completed hot water basin floor repairs including concrete re-
pairs and waterproofing Prepared precast fins with galvanic
anodes awaiting new high performance concrete.

CTI Journal, Vol. 42, No. 1
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Fig. 39 Concrete fins repaired, prior to protective coating application.

Construction joints between the precast floor and wall sections,
a source of unwanted water leakage onto the lower columns and
beams, were waterproofed with an elastomeric urethane asphalt
membrane system for concrete. First, 3/8” wide by 1 deep grooves
patallel to the joints wete sawcut about 4”” on both sides. After the
concrete surface was sandblasted, an epoxy primer was placed. Fi-
nally the chemically cured urethane asphalt membrane was placed
across the epoxy primer and anchored into the sawcut grooves. The
system is designed to remain elastic to temperatures as low as -40°F
with very good physical abrasion resistance.

Basin wall cracks were repaired using the epoxy injection process.
(Fig. 42) Plastic injection ports and epoxy paste seals were placed
over cracks as thin as 4 mils in width and filled under pressure us-
ing purpose-built plural component pumps capable of maintaining
the proper mix ratio under pressure. The injection port spacing was
relatively narrow to promote adequate filling of the fine cracks.

Fig. 40 Prepared precast fins with galvanic anodes
awaiting new high performance concrete.

Fig. 41 Concrete fins repaired, prior to protective coating application.
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Fig. 42 Epoxy adhesive injected to seal fine cracks in the basin walls

Concrete Column and Beam
Repairs

Leaking water from the hot water basin had contributed to the dete-
rioration of the substructure. Deteriorated beam ends and columns
were repaired with the same high performance ready mix concrete
as used for the precast fin repairs. (Fig. 43 & 44) Preparation of
the cast-in-place beam ends followed procedures as outlined in
ICRI Technical Guidelines such as 310.1R-2008 — Guideline for the
Surface Preparation for the Repair of Deteriorated Concrete from
Reinforcing Steel Corrosion. The concrete repairs also include em-
bedded galvanic anodes for enhanced long term durability. For the
column repairs, only spalled and delaminated concrete cover was
removed to save time and to mitigate the need for structutre shoring
which would impact the budget and schedule. To improve durabil-
ity of the column repairs, additional anchors were installed into the
repair areas such that the repairs would have both chemical and
mechanical bond.

Cold Water Basin

As previously mentioned, Cooling Tower #91 is one of three cool-
ing towers. When repairing the adjacent cooling towers, the precast
beams that support the outer wood/sheet metal structure wete re-
paired then strengthened using surface bonded carbon fiber.

Fig. 43 Deteriorated beam end with concrete removed
and embedded galvanic anodes installed

Fig. 44 Example of damaged column under the
hot water basin, prior to concrete repair.

Fig. 45 Previously repaired beams strengthened with CFRP.

The same strengthening technology was expected to be used on
Tower #91. (Fig. 45) However, advanced detetioration was discov-
ered during the fall inspection. Based on this new information, it
was decided to completely replace the severely deteriorated precast
beam that spanned the outlet flume. Based on the relatively short
shutdown schedule, utilizing precast concrete was deemed to be the
most effective approach to replace the roughly 24’x4’x1.5” beam.
(Fig.40)

Fig. 46 Precast concrete beams were cast in
temporary beds inside the contractor’s shop.
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In preparation of the shutdown, new precast concrete replacement
beams were constructed in the contractor’s shop months before
they were taken to site. The beams were constructed with a high
performance ready mix concrete and shop-fabricated stainless
steel connection plates were used for added long term durability.
The new replacement beam was precast in two sections to facilitate
ease of handling. (Fig. 47) The controlled environment of the shop
provided excellent curing conditions for the new beams. The exist-
ing beam was wire cut, removed and replaced with the new beam.

Fig. 47 Severely deteriorated beam was wire cut, removed
and replaced with new freeze-thaw resistant precast beams.

In addition to the beam replacement, major concrete repairs were
required at the wall-to-floor joint in the cold water basin. (Fig. 48)
The concrete repairs were also completed according to ICRI guide-
lines with the same high performance ready mix concrete mix.

Another aspect of the repairs in the cold water basin was to fix the
deterioration and leakage at the vertical joints between the cold wa-
ter basin wall to the flume wall, which is the outlet for water passing
under the new beam. This joint was completely rebuilt with epoxy
anchored dowels and waterproofing was provided with the use of
hydrophilic butyl rubber waterstops and elastomeric sealant at the
new construction joints.

Fig. 48 Concrete repairs at the wall-to-floor cold
joint in the cold water basin.

Finally, in the cold water basin, new reinforced concrete pedestals
were installed into the floor to support the new FRP framing. (Fig:
49) \According the design, the round pedestals were to be of vari-
ous diameters and heights. As part of the project planning process,
innovative adjustable formwork was devised using multiple rings of
engineered concrete fiber forms to allow the proper pedestal eleva-
tion to be efficiently achieved in the field.
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Fig. 49 Concrete pedestals installed to
support new FRP cooling tower framing,

Summary

Even though very different designs and operations, the Mid-Atlan-
tic and the Coal Creck cooling towers experienced extensive con-
crete deterioration due to their constant contact with hot steamy
water. The repairs in the two projects show that there are many
restoration and protection systems that may be employed. The key,
as demonstrated with these towers, is to investigate the damage and
then select the best rehabilitation method for the situation.
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Vibration Monitoring And Instrument

Control In Cooling Towers

Frank Fang and Everett Jesse
Metrix Instrument Company

Abstract:

Cooling towers are an important component for
refineries, power generation plants, and many other
industrial process facilities. Monitoring the cooling
tower condition and conducting proper machinery
control provide enormous advantages to produc-
tion. Great benefits in avoiding downtime losses
can be achieved through predictive and preventive
maintenance. Vibration is one of the key param-
eters that is used to provide early warning of ma-
chine failure. In this paper, vibration fundamentals
are briefly elaborated, and then followed by a discussion of vibra-
tion monitoring requirements for cooling tower applications. In the
end, an optimal vibration detection solution for cooling towers is
explored.

Vibration Fundamentals

Vibration is defined as “Periodic Motion” due to disturbed equilib-
rium. Vibration can be characterized by:

1. Frequency: Number of oscillations in a period of time
1. Amplitude: Severity, how big is the vibration
1. Phase Angle: When and where the vibration is happen-
ing
The following graph illustrates an unbalanced motor shaft at run-
ning speed, 1,200 revolutions per minute (rpm), with vibration at
1,200 cycles per minute (cpm) or 20 cycles per second (Hertz, Hz).
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We call the vibration coincident with running speed 1X. The 4-blade
fan driven by the motor vibrates at 4,800 (4x1,200) cpm or 80Hz or
4X, and the 12-tooth gear mesh driven by the same motor vibrates
at 14,400 (12x1,200) cpm or 240Hz or 12X. These three frequen-
cies are the characteristic vibration frequencies in the system.

When we discuss vibration, we talk in terms of orders of running
speed (e.g 1X, 2X, 1/2X, nX, etc.), cycles per second (cps) or Hertz

Frank Fang

(Hz). Revolutions per minute (rpm) only pertains to
the running speed of the machine.

If an accelerometer is used to measure vibration, es-
pecially when mounted on gear box, the overall out-
put from the accelerometer is a mixed signal with the
vibration frequencies superimposed.

+

0 Time

The typical time-
based waveform
looks like the following, From the mixed signal it is very difficult to extract
the essence of vibration in the system.
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In order to truly understand what is going on when a rotating ma-
chine is vibrating, it is necessary to retrieve the raw vibration sig-
nal from the vibration sensor and then use an advanced algorithm
such as an FI'T (Fast Fourier Transform) to transfer the time-based
waveform into the frequency domain. As a result, the elements of
the vibration turn into discrete values and then the nature of the
vibration could can be investigated in a comprehensible manner.

Vibration Sources in Cooling
Towers

A motor is used to drive a fan to force air to pass through the cool-
ing tower. Based on the driving mechanism, two types of fans are
commonly used: gearbox driven fans and belt driven fans. With a
gearbox driven fan, the motor is mounted to the side of the fan’s
cell and the fan is driven by the motor by the shaft. In the belt driven
case, the motor drives the fan by a belt. Gearbox driven fans are
normally used in larger towers, and belt driven fans are often used in
smaller towers. These two types of fans are illustrated below.

o
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Gearbox Driven Fan

Belt Driven Fan

Causes of Failurein Cooling Towers

Excessive vibration, mostly due to misalignment or unbalance, can
cause rapid deterioration and result in catastrophic failure. The fan,
motor, and gears are the three major rotating components in a cool-
ing tower. They atre also the source of vibrations in the system. 1
The failures of a motor can be caused by motor imbalance, shaft
misalighment, rotor bar defects, bearing defects and foundation is-
sues. The gearbox may fail due to the stress it experiences from the
airflow, misalignment of the gear with the motor, cracked gears, lack
of lubrication, and worn bearings. Unbalanced fan blades or errors
in blade pitch are some of the reasons causing fan blade failure.

Vibration Control and Monitoring
in Cooling towers

To prevent disastrous failure due to vibration in a cooling tower, a
vibration sensor is typically employed to measure machine vibration
severity. The output of vibration device is used to trigger system

@CTI Journal, Vol. 42, No. 1

alarms and shutdown signals when a preset vibration threshold is
exceeded. Either the 4-20 mA output from a vibration transmit-
ter to a Control System, Programmable Logic Controller (PLC) or
SCADA (Supervisory Control and Data Acquisition) System, and
or an open/close relay from a vibration switch are commonly used
in a cooling tower to achieve the safety goals of the organization.

To maintain the cooling tower in a good operating condition, vibra-
tion monitoring is often used to provide vital early warning of prob-
lems and enable scheduled service prior to any substantial damage.
Raw dynamic vibration data is retrieved locally or remotely into a
signal acquisition system. Further data analytics will be performed
to comprehend the meaning of vibration data. When necessary, ad-
vanced diagnostic techniques could be used to probe the root cause
of problems.

Vibration condition-based machinery monitoring is critical to cool-
ing tower operation. Vibration monitoring brings another level of
benefit by not only helping to keep the mechanical system healthy,
but by maintaining or increasing production profit through an ef-
fective maintenance and service strategy.

Vibration Device Requirements in
Cooling Towers

From application experiences, the authors recommend installing at
least one vibration sensor on the gearbox and/or fan bearing. The
sensor installation positions are illustrated in below graphs:

Gearbox Driven Fan

Belt Driven Fan

On gearbox driven fans, it is preferred to collect vibration data from
both the motor and the gearbox. On a belt driven fan, the locations
to collect vibration data are on the fan inboard pillow block bearing,

on the motor inboard bearing and intermediary bearings on the fan
shaft.
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Cooling towers are usually operating in harsh environments. The
rigorous condition demands highly reliable vibration devices to en-
sure their vital functional performance. A robust design and assem-
bly are also needed to guarantee superior accuracy and high quality
of the vibration signal output. In addition to 4-20mA output, switch
for automatic alarm and shutdown, and raw signal for monitoring,
the vibration device is required to incorporate many other features
suitable in a cooling tower environment:

*  Water resistance

* Corrosion resistance

e Wide frequency range

e Extended temperature range
* Hazardous area approvals

* Field adjustable or configurable vibration thresholds

Machine Protection Solutions in
Cooling Towers

There are two basic machine protection implementations: central-
ized and distributed applications.2 A centralized system is used in
plants with a more traditional setup where data from all sensors is
sent to a central, rack-based system where instrument monitoring
and control are integrated. A distributed setup is suitable for smaller
or less critical equipment, remote locations or for plants with a dis-
tributed structure. The great advantages of distributed systems are
the simplicity of the systems, the lower costs, and the reduction
of infrastructural requirements. Cooling Tower Systems are one
of the best applications where distributed monitoring fits the best.
The switching function of a vibration device is an ideal solution for
stand-alone machinery protection. When the raw data is retrieved
and processed either locally or remotely by a vibration monitor-
ing system, the hybrid system has advantages to replace rack based
centralized systems, with significant cost reduction, without com-
promising features.

{ ] Typheal cenerallsed applbcarion

Trplcal dntributed appliceticn

Instances of Centralized and Distributed Applications
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Compact Configurable Vibration
Switch

In cooling tower applications, it is desirable to have one compact
vibration device incorporating all demanding functions and features
into one package. The availability of many other options makes
the product even more versatile, effective, and attractive to cooling
tower users.
1. 4-20 mA output, for trending and early warning
2. Dual channel switches, for alarm and shutdown
3. Raw vibration signal output, for signal analysis
4. Software configurability for switch
e Startup delay
* Independent channel trigger level and delay
* Latching and non-latching switch operation
* English and metric unit selection
5. 316 stainless steel housing material, for durability.
6.  Factory order versatility:
e Full scale range
* Housing stud size
* Low and high pass filter
* Hazardous atea certification
e Connection type
* MIL style connector with mate cable
= Flying leads with integrated cable
= Combo of switch with elbow for explosion proof

Conclusion:

Vibration is a phenomenon common to any rotating machinery.
Measuring the vibration is a best practice for a machine protection
in many industries. A compact vibration switch integrated with a
4-20 mA transmitter and dynamic data capability provides a flex-
ible and economic solution to suit a wide variety of applications in
the cooling tower industry. The vast feature versatility and intuitive
field configurability help different cooling tower users to meet their
unique requirements over an extensive range.
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Survey of Laboratory and Field Test

Methods for Legionella

Loraine Huchler, PE., CMC®, FIMC
MarTech Systems, Inc.

Abstract

The Centers for Disease Control (CDC) requires
a spread-plate culture legionella test during inves-
tigations of a known or suspected outbreak of
Legionellosis. While owners of cooling towers are
concerned about managing their legal liability, they
also must manage their operating risks. The culture
method is a poor fit for routine assessment of oper-
ating risk of Legionella in cooling water systems be-
cause operators cannot make timely decisions about
corrective actions.

Field test methods can provide valuable informa-

tion about the Legionella population and allow the cooling system
owner to promptly assess the operating risk and implement correc-
tive actions — reducing the risks to public health.

This paper discusses the selection criteria for field test methods Le-
gionella pnenmophila (sensitivity, specificity, time, and legal defensibil-
ity (accreditation)) and reviews the commercially-available field test
methods and test kits, including the technology, the accuracy of the
test results, and the proper interpretation of test results.

Introduction

With the publication of ASHRAE SPC-188 and the passage of leg-
islation in New York City and New York State for registration of all
cooling towers with routine monitoring and reporting of Legionella
bacteria populations in the cooling water, the issue of Legionella test
methods has become more relevant for water treatment profession-
als and owners of cooling towers.

The Centers for Disease Control (CDC) and most legislation re-
quires the use of the standard culture test that assesses the viability
of the Legionella pneumophila bacteria — the ability of the bacteria to
not just survive, but to reproduce. From a medical diagnostic pet-
spective, a culture makes sense to confirm an infection in a patient.
The lengthy incubation period (7 — 14 days) makes this test method
wholly inappropriate to identify risks in cooling water systems or
validation (proof that the corrective actions have controlled the
hazard (presence of > 10 CFU/ml population of Legionella pnen-
mophila bacteria in cooling water)).

In addition, the presence of competing HPC' bactetia often re-
quires special heat or acid treatment to improve the readability of
the cultures; the trade-off is an unknown mortality of ILegionella
prenmophila bacteria that increases the uncertainty of the culture
results.

For the owner of a cooling tower, this lengthy delay and potential
bias of the results creates a “Catch-22:” should the owner proac-
tively disinfect the cooling water system or delay any corrective ac-
tions until the receipt of the test results, risking additional infections
should the cooling tower be a source of legionella-infected drift?

There are numerous other laboratory and field test methods that
provide faster results, allowing more effective management of the
risk of Legionellosis infections from a cooling tower and, in turn,
reduce the legal and reputation risks that occur following a con-
firmed or suspected infection from your cooling tower.

Loraine Huchler

Discussion

Monitoring for Legionella bacteria
starts with defining the objectives
for monitoring.

As defined in the ASHRAE SPC-188-2018, “Le-
gionellosis Risk Management for Building Water
Systems,” managing the risks of Legionellosis in-
fections from your cooling tower does not automat-
ically require testing for Iegionella pnenmophila bac-
teria in the cooling water. The standard describes
a methodical analysis of the risks for each water
system, including the cooling tower.

Legionellosis infections require three conditions:

1. Aerosols (water droplets) infected with Legionella pnenmophila

bacteria. ..
2. ...thatare present in an airspace...
3. ...and breathed into the lungs of a vulnerable person.

If any one of these three conditions are not met, then the risk of a
Legionellosis infection dramatically decreases. For example:

Control the hazard.

Many experts subscribe to the concept of “control the hazard” by
minimizing the presence of /lgionella bacteria in the cooling water
and/or minimizing the generation of water droplets — drift — that
leave the cooling tower with the plume of water vapor. This ap-
proach will reduce, but not eliminate the risk of infected water
droplets.

Define the drift zone.

Minimizing or preventing the drift from being present in an airspace
where people are present is difficult, but not impossible. Cooling
towers in “good condition” located far from parking lots or areas
where people congregate or in a place where the prevailing winds
direct the drift away from these populated areas have a low risk. In
contrast, cooling towers located in close proximity to pedestrians
and/or that have damaged drift eliminators or other structural ot
operating problems that create high concentrations of drift have a
higher risk.

Identify at-risk individuals in the drift zone.

Identifying the presence of vulnerable persons in the drift zone is a
nearly-impossible task due to the confidentiality of personal medi-
cal information and the complexity of accuracy assessing exposute
to Legionella pneumophila-contaminated aerosols in the drift zone.

The less knowledge or control you have over preventing infected
water droplets from leaving the cooling tower, defining the drift
zone and identifying the presence of at-risk individuals in the drift
zone, the greater the risk of an infection. As the risk of infection
increases, the more likely that the monitoring program will include
routine testing for Legionella pneumophila bacteria.

Monitoring For Legionella Bacteria Includes
Monitoring Sessile Bacteria.

Thete is no correlation between the population of sessile and/or
planktonic HPC bacteria and Legionella pneumophila bacteria; how-
ever, the presence of sessile anaerobic bacteria (“slime”) is as an
indication that the environmental conditions may be conducive to
the proliferation of /egionella bacteria because the legionella bacteria

(94 4 M CTI Journal, Vol. 42, No. 1



require a symbiotic relationship with a host organism such as an
amocba or protozoa to reproduce.

Monitoring for /fgionella bacteria includes identifying the optimal
samples and sample locations.

Selecting the optimal sample type and location depends on the
objective of the legionella testing, For example, if the objective is
to confirm the source of a Legionellosis outbreak, then the CDC
recommends spread plate culture tests for a set of bulk water and
biofilm swab samples® from the cooling tower (Figure 1).
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Figure 1 - CDC Sampling Procedure and Potential Sampling Sites — Cooling Towers2

If the objective of testing is to confirm the efficacy of the biocide
treatment program in a cooling water system, then faster field test
methods that measure both viable-and-culturable and viable-but-
not-culturable legionella bacteria would be appropriate.

A robust assessment of the risks includes samples of both bulk
water and sessile bacteria (“slime”). Ideally, the bulk water sample
should be representative of the water droplets that may leave the
cooling tower with the plume — the “hot” water returning to the
cooling tower, flowing into a distribution header or onto the top
deck of the cooling tower. Locations for collecting samples of ses-
sile bacteria are more challenging. In a crossflow cooling tower, it
might be possible, albeit difficult, to obtain a sample of sessile bac-
teria in the sediment that accumulates on the hot deck; in a coun-
terflow cooling tower, it’s impossible to obtain a sample of sessile
bacteria from the interior surface of the distribution header.

A more sophisticated method to measure biofilm is Bio-GeorgeTM,
a monitoring system that allows real-time monitoring of the pres-
ence of sessile bacteria and the effectiveness of the biocide chem-
istry and treatment protocol. The system consists of a probe, in-
tegrated electronics and display software. (Figure 4) The probe is
installed into a piping system, heat exchanger water box, cooling
tower, or side stream via a 2-inch threaded connection. Special
probes can also be built for "hot tap” type fittings or flow-through
probes.

Figure 4 — BioGeorge™ System

Monitoring for Legionella pneu-
mophila requires determining
the optimal laboratory and/or
field test methods.

The specific objective for measuring Iegionella pnenmophila in cool-
ing water will determine the optimal laboratory and/or field test
methods.

Selection Criteria for Laboratory and
Field Tests

Table 1 lists the selection criteria for various technologies for labo-
ratory and field testing of /Jegionella bacteria.

Test R i Time Legal Defensibility
. . . . . . . Culture Test - Tradtonal | Laboratory - Cullure 10 CFUImI ¥ 7 days - i Wery high, defirstive test
On-line monitoring of sessile bacteria. A mesh coupon (Figure 2) is | seresdpoie forsercgraues | 14days-inal | perCOC
. . . Culture Test - IDEXX Laboratory - Bacterial 10 CFUmI Mo differentiation of | 7 days CDC validation in progress
an excellent way to monitor sessile bacteria. Legiiert Enzyme serogroups
Quanttaive polymarase | Labaratory or Fiekd - 8 CFUIM LpsG1Y <1 haur CDC validation in progress
chain reaction (gPCR) Analysis of DNA (MPN®}
Immuna-magnetc Field - Tagged Antibockes | 100 CFU/mMI LpSG1 5 minutes. Low due o poar sensiiity
Method (IMM}
Biophotonic Light Sensor | Field - Surtace Plasmon No avaiabie. gy under
Resanance (SPR}

Figure 2 — Bio-Mesh Coupon for Anaerobic Bacteria Measurements®

Table 1 - Selection Criteria for Laboratory and
Field Tests for Legionella pneumophila Bacteria

Culture Test - Traditional Spread Plate
(IS011731:1998, CDC)

The traditional spread plate measures the population of live Legio-
nella pnenmophila bacteria and is the definitive method to measure the
ability of the bacteria to not just survive, but to reproduce. With
additional analyses, technicians can determine the populations of
different legionella species and serogroups. The primary challenge of
this method is that Legionella pneumophila bacteria are very slow grow-
ing, requiring 14 days for final results. In addition, the test does not
measure “viable but non-culture-able” Legionella pnenmophila bacteria
— 1. e. legionella bacteria that simply do not “like” the agar media. The
lower sensitivity of the spread plate test is about 10 CFU/mL of
legionella; lower numerical values are not reliable.

Filtering the sample to concentrate the bacteria can improve the
sensitivity of the test. The sample is then spread onto a nutrient-rich
plate (Buffered Charcoal Yeast Extract [BCYE] agar) and incubated
in optimal conditions for several days to promote growth.

During this incubation period, Legionella and other bacteria may
flourish, resulting in a very high concentration of ILegionella pnen-



30

mophila on a spread plate that may have little or no resemblance to
the concentration of ILegionella pneumophila in the original water
sample. These results support medical diagnostics but is not predic-
tive for assessing these risks in a cooling water environment.

The test method allows laboratory technicians to use an acid or heat
treatment to be able to “read” the results — a process that can de-
stroy some of the /gionella bacteria in addition to the HPC bacteria.
Consequently, the information provided by spread plate cultures are
not sufficient to support efforts to control the hazard in cooling
towers.

Figure 4 — Legiolert Test Results’

Culture Test-IDEXX Legiolert (ISO 13843:2017)

Legiolert is a modified culture test that uses a bacterial enzyme de-
tection technology to provides the concentration of viable cells as
Most Probable Number (MPN) instead of colony-forming units
(CFU). The test uses a proprietary reagent that contains nutrients
as well as a substrate metabolized by Legionella pneumophila that pro-
duces turbidity and/or a brown color.

Results of a recent study published in AWT’ trade journal show
that this technology detects Legionella pneumophila with equal or
greater accuracy than traditional spread plate culture methods in
water samples from cooling towers.? The CDC does recognize the
Legiolert as an alternative to the traditional spread plate method for
situations other than investigations of a known or suspected out-
break of Legionellosis. For non-potable waters, the sensitivity limit
in the Legiolert test is 10 CFU/mL of /egionella; this technology does
not provide any information about serogroups.

Quantitative polymerase chain reac-
tion (qPCR) (ISO/TS 12869:2012)

This is a rapid molecular test method that can detect and quanti-
tate Legionella pneumophila and serogroup 1 in water samples by
identifying an amplified gene sequence using a fluorescent signal.
Results are semi-quantitative based on comparison to a standard
curve of fluorescence of a known quantity of DNA of the target
gene. Instead of colony-forming units, the results may be reported
in Modified Fishman Units to account for bacteria that are viable
but non-culturable.

Bacteria populations from the standard qPCR results are typically
higher than culture because the standard assay cannot discriminate
between of live and dead or impaired Legionella pneumophila and
the test may detect Legionella pnenmophila bacteria that are not cultur-
able (NVBC). By using proprietary sample preparation procedures,
the Viability-qPCR assay can differentiate between live and dead
cells, providing a test result for live Legionella pnenmophila but cannot
measure non-culturable bacteria.

qPCR methods traditionally required a full-service microbiology
laboratory. Two examples of portable qPCR devices suitable for use
in a “field-laboratory” are iQ-Check® Legionella Real-Time PCR
Kits from Bio-Rad’ and Spartan Cube from Spartan Bioscience'.
The iQ-Check provides results in four (4) hours; the Spartan Cube
provides results in under an hour.

Results of a recent study'' published the Journal of Water & Health
showed a concordance between the results from the on-site gPCR
using the Spartan Cube and laboratory culture methods but showed
poor correlation between the laboratory and on-site qPCR tests.
The risks of compromising the water sample during shipping is real;
on-site testing at a cooling tower with the Spartan unit showed high
concentrations of Legionella pneumophila in a cooling tower that
had “passed” the laboratory culture test."

Lateral Flow Immunochromatographic
Assay (LFICA).

Immunochromatographic assay uses the same technology as home
pregnancy tests. Water samples must be filtered prior to testing.
Antibodies of Legionella pneumophila serogroup 1 tagged with red
nanoparticles, bind to any bacteria in the sample and make them vis-
ible as a thin line on the device. Hydrosense' provides a test result
after a 25-minute reaction period. The sensitivity of this test is 100
CFU/ml of /legionella bactetia for water samples (standard kit) and
200 CFU/ml for sessile bacteria samples (swab kit). The test has
limited value to assess the risks of efficacy of the corrective actions
because the test is not sufficiently sensitive.

Biophotonic Light Sensor.

A consortium of European researchers funded by investors is de-
veloping POSEIDON," a plasmonic-based automated lab-on-chip
sensor for the rapid in-situ detection of Legionella that uses biopho-
tonic technology to detect Legionella bacteria in less than an hour.
Tiny sensors allow the device to use the photonics technique of
Surface Plasmon Resonance (SPR) to read information from a re-
fracted laser beam, providing a fast, highly sensitive and inexpen-
sive detection from a small sample without the need for ‘Tlabelling’
- binding the bacterium to a protein to permit detection. This de-
vice matches the refracted energy to the electronic signature of a
pre-programmed pathogen such as Legionella pneumophila bacterium,
providing an unambiguous detection of the bacteria in situ.
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38 Ft Test Rig: A Step Forward In

Fans Knowledge

Nicola Romano, Cofimco

INTRODUCTION

Scope of this paper is to share the main features of
the 38 ft test rig erected in summer 2018 at Cofimco’s
facility in Italy, figures 1.1 and 1.2, and the results of
some of the measurements taken during the first
year of activity.

FR - Flow Rate

FRP - Fiber Reinforced Plastics
MS - Monitoring System

SP - Static Pressure

VED - Variable Frequency Drive

SYMBOLS

Vy - Axial component of the flow
,p - Air density

This paper will mainly focus on:

e Stress measurements on blades.

Nicola Romano ,0 - Blade stress

e Performance measurements of fans.

TRERTInEITE LTt

Fig. 1.2: Rig south view

TEST RIG MAIN FEATURES

The rig is an induced cell equipped with louvers for the variation
of the Static Pressure (SP) vs Flow Rate (FR) curve and a VFD for
the fan speed setting. The structure is made of FRP beams and side

panels.

The main dimensions of the 38 ft test rig are listed in table 2.1, see
figures 2.1 & 2.2:

Sl Imperial
Base 16x16m =52' 6"
Fan stack 11.662 m =38’ 3"
Stack height 2.44m g’
Fig. 1.1: Rig aerial views y
Louvers windows size 155x3m =51' x 10’
Abbreviations And Symbols Louvers windows count 2
Abbreviations: Total louvers area 93 m? = 1020 sqr ft
AoA - Angle of Attack
DG — Diesel Generator Tab. 2.1: Rig dimensions

DP - Dynamic Pressure
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TSl Motor model M2BA 355 SMA 4
fH— Voltage 400 Vv
T Frequency 50 Hz
Power 250 KW
: g . 335 Hp
@ Poles 4
Nominal speed 1488 RPM
= Max mechanical speed 1800 RPM
: Current 445 A
2R ’ N N N 1”&% : fii_g Torque 1604 Nm
Reronsbi claddng f\ 1183 Ib-ft
Fig. 2.1A: Rig dimensions — Side view (dimensions in mm) Tmax/Tn 2.6
Power factor 0.85
Efficiency 95.1 %

PLAN VIEW
— Tab. 2.2: ABB Electric Motor features

1000

IR

J
| | \ -
i K e

Fig. 2.1B: Rig dimensions — Top view (dimensions in mm)

The rig is equipped with an ABB Electric Motor (EM) model
M2BA/BAX 355SMA 4, see fig. 2.3 and tab. 2.2. The motor is driv-
en by an ABB VFD model ACS880, able to run the motor above
1800 RPM.

The EM torque is transferred to the fan through a Carbon Shaft
(CS) and a Hansen Gearbox (GB), see fig. 2.4, with speed ratio
1:17.425. Therefore, the VFD system is able to run the fan from
30 RPM up to 103 RPM (62.4 m/s, 12296 ft/min) according to the
torque curve shown in the fig. 2.5 with a peak power of 225 KW
(= 320 Hp).

Fig. 2.3: ABB Electric Motor (EM) and Carbon Shaft (CS)
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Fig. 2.4: Hansen Gearbox (GB)

Fan: Torque (Nm}vs RPM
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oo N I N N S A O Fig. 2.8: Screen shot of the Louvers and fan speed Control Panel (CP)

Further features are, see fig, 2.9:

200000 1 | ] | i * Walkway settable as single-leg or two-leg to investigate the
I 3 O Pt G O Y G0 I T S L A 6 8 0 e influence of an ACC-like bridge (two-leg) or CT-like bridge
I o M (single-leg)

* Walkway grid density settable as std FRP grid or fully-closed
metal sheet.

o0
00 0.0 400 0D 80D 10000 1200

Fig. 2.5: Driving system torque curve

The power supply is autonomous by means of a Caterpillar Diesel
Generator (DG) DE500EQ, 450 KVA driven by a P-C15-DE500
diesel engine, see fig. 2.6.

Fig. 2.6:Diesel Generator

Finally, on two opposite sides, the rig is equipped with two windows
15.5x3 m (=51’ x 10”)", each one fitted with 4 independent sets of
clectrically driven louvers, see fig. 2.7. Custom made hardware and
software (Control Panel — CP) allow the operator to set the louvers

opening percentage as well as the fan speed from the control room,
fig. 2.8. A steel-structure monorail is also erected to support a winch in or-

der to ease the installation and removal of hubs and blades. The
1. 'Total 93 m?, = 1020 ft
ot area 7o 4 said winch is shown in the previous figures 1.2, 2.1 and 2.2.

@ CTI Journal, Vol. 42, No. 1

Fig. 2.9: Walkway configurations — from grid
single-leg to metal sheet double-leg.
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Measuring And Recording System

A dedicated tailor-made Monitoring System (MS) is installed for the
monitoring and recording of the following parameters (see fig. 3.1):

a. Wind speed and direction

b. Blade stress (3 blades simultaneously)
c. 3-direction vibration amplitude

d. Plenum Static Pressure (SP)

e. Flow Rate (FR)

f. Shaft torque

g Fan speed

Thanks to the MS software, the main parameters like SP and FR
fluctuations, vibration and blade stress peaks can be related to each
other and to wind intensity, direction and gusts, allowing the analysis
of correlations among them.

f <=

— ~ ==d B

Louvers (8] : <=
C—

qﬂﬂn HHHF

4
| N |I

= GB (3)

=
T

§

-

Shaft RPM & torque

Fig. 3.1: Monitoring System block diagram
(*) Flow rate probes: presently 4x16= 64 measuring points

The MS allows the setting and the calibration of the parameters
used for the measurement and visualizes the monitored parameters,
see fig. 3.2.
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Fig. 3.2: Screen shot of the MS parameters setting and calibration page

The MS visualizes and records the measured parameters, see fig.
3.3.
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Fig. 3.3: Screen shot of the MS measurements page

Finally, the MS allows the setting of alarm thresholds on the main
parameters in order to highlight peaks of stress, vibrations, pres-
sures, etc., see fig. 3.4.
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Fig. 3.4: Screen shot of the MS thresholds setting page

The shaft power is calculated and recorded as well by means of
the shaft torque and fan speed and double checked from the VFD
cabinet. In the same manner, the electric consumption and the fan
speed are monitored as well for a double check.

Stress Measurements

Thanks to the described MS, some investigations were carried out in
otder to check the influence of several parameters like:

* Bridge configuration (single leg/double leg; gtid density)
e Flow asymmetry (wind, occlusions, fans operating around,
etc.)

In order to measure the impact of the above elements, several stress
measurements were taken on a few fans with three different bridge
configurations (single-leg with grid, double-leg with grid, double-leg
with metal sheet) and with three different louvers configurations
(both sides 100% open, one side 100% open and the opposite side
completely shut, both sides completely shut).

The measured stress are summarized in the fig. 4.1. The top part of
the graph shows the static component of the stress (average - blue);
the bottom part of the graph shows the dynamic value of the stress
(alternate - red).

Legenda:
* 20 — louvers 100% open
on both sides.

¢ 1C/1C — louvers on one
side 100% open and 100%
closed on the opposite side.

® 2C — louvers 100% closed
on both sides.

SP: Static Pressure
FR: Flow Rate




The graphs in fig. 4.1 lead to some interesting considerations: From the theoretical point of view, the above mentioned behavior

b lained with the help of the fi 4.3,4.4 and 4.5.
e the static (average) stress increases toward higher SP and low- can be exprained with the help of the figures £.2, o

er FR;
¢ the dynamic (alternate) stress increases toward higher FR and - -

lower SP;

e the asymmetry of the flow pattern increases the dynamic
stress.

This phenomenon confirms what measured on site when a cross

wind or the fan position in the plant generates asymmetric flow pat-

terns at the fan inlet, see fig, 4.2. Il II I I I IRIRIRIRE S
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Fig. 4.3: Flow conditions
A - High flow B — Low flow C —Zero flow

When the flow is high, fig. 4.3A, the Average Aerodynamic Angle
of Attack (AoA) is relatively low, putting the blade in condition D
of fig, 4.4. On the contrary, when the flow is low, fig. 4.3B, the AoA
is relatively high, so the blade is in condition B of fig. 4.4. Finally,
when crossing an obstructed area (like above or underneath a broad
obstacle, fig. 4.3C), the AoA is definitely high and the blade is in
condition C of fig. 4.4.

Fig. 4.2A: Asymmetry in the vertical flow
component (Vy) in case of wind
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Fig. 4.2B: Asymmetry in the vertical flow
component (Vy) in case of multiple-cell units.

H/red — high flow region (high Vy)
L/blue —low flow region (low Vy)
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Fig. 4.4: AoA at different flow conditions
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Looking at fig. 4.5, it can be seen that, in case of high flow, when
crossing an obstructed area the blades moves from A to C with a
high load variation (AL, ). In case of low flow, the blade moves
from B to C with a load variation (AL, ) smaller than in the previ-
ous case, leading to a lower dynamic stress. The described situation
gets even worse in the case of a blade moving from a zone of high
flow to one of back-flow like in case of cross wind, fig. 4.2: in such
a condition, the blade jumps from A to D with an extremely high
load variation and, not rarely, overtaking the stall point of the lift
curve in fig, 4.5.

The above analysis is cartied out considering the same blade at con-
stant speed and pitch in the four conditions A, B, C and D.

NOTE: the blade speed, the flow vertical speed component (17y) and the blade
pitch vary along the blade span, so the vector components and the resulting AoA
should be analyzed at each fan radius.

It must be taken in to consideration that real-scale measurements
of the above mentioned events are extremely difficult to carry out
on-site but can be simulated with reasonably precision in a propetly
equipped test rig,

]

[] (] [c] [o]

Fig. 4.5: Blade lift curve

Flow Rate Measurements

In order to set the most reliable measurements of fans perfor-
mance, several different approaches have been followed. According
to the ref. a), see fig. 5.1, the flow velocity measurements have been
taken below the fan both using Pitot tubes and anemometers.

[ = = il

-- 4—[ Referemer plane triverse ]

Fig. 5.1: Flow measurement according to ref. a)

A couple of sample measurements have been taken on 2 stations
(S1 and S2) along a fan radius, see figures 5.2 and 5.3.

At each station, 2 Pitot tubes and one anemometer have been in-
stalled with the aim to compare the measurements. The flow mea-
surements have been taken at different fan speeds.

Fig. 5.3: Flow measurement probes

Preliminary measurements, taken on a previously installed 6-blade
fan used for the measurements optimization, is shown in the fol-
lowing fig. 5.4, where the Pitot measurements are highlighted. The
signal was acquired at 1 KHz and then averaged.
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Fig. 5.4: Flow velocity measurements at 60 RPM,
Louvers 50% open on both sides.

Two aspects immediately strike:

* the dynamic pressure has very high fluctuations and

* the dynamic pressure goes down to negative values.
One might think that the negative values mean reverse flow. This
is likely true but, considering the physics behind the Pitot tube,
fig. 5.5, the measured values during reverse flow are obviously not
reliable.

Then, when elaborating the 1KHz signals, all the negative (unreli-
able) values affect dramatically the average value calculation.

(94 7 CT1 Journal, Vol. 42, No. 1




VALUE.

Largest independent fill

Highly responsive :
customer service team ! ?’9 lab
5 v _
_E == \'I
-l—-—"-l__ ||
: ' - In-house
- logistics &
Jesteds = o 7 technical
verified g : ’  support
performance ,- A 3 ; j
data - ¢ )
. N YAl
4 \\ : 1
Z 5
\ e
/ RN
\
i ” \
k& & = CTI-136

: . guaranteed material
Multiple plant locations =
for optimized lead times =\

Consistent guality &
manufactyring standards

Value means a product you can rely on, a team of experts available
when you need them, and a partnership beyond the sale.

Invest in a supplier who invests in you.

—
r= .
="} BRENTWOOD Learn move at framrwoodindusties.cam
_J
—




42

Bermouli’s Equation : Measure difference in total and static pressure
static pressure + dynamic pressure = botal pressure
3
(CATEE 3 L]
2(p,- P,) =

I\

Solve for Velocity: v .

Fig. 5.5: Pitot’s tube physics
So, from the above considerations, it was decided to equip the test
rig with a set of anemometers.

The measurements reported in the followings were taken on a 38ft
— 6 -40F / G20 fan. Its main features are:

* 0 blades
* Root chord 890 mm (= 357)
* Tip chord 770 mm (= 30”)

e Hub diameter 2 m (= 80”)

Below, see figure 5.0, the flow measurements for the louvers posi-
tion 80% closed. The fan axis is on the right. The measurements
were well in accordance with the very same fan tested on site.

Fig. 5.6: Louvers 80% - four radii flow
velocity measurement and average value

A couple of points were highlighted by the measurements:

1. The dynamic pressure at the fan outlet is always higher than the
result of the simple axial velocity averaging;

2. 'The dynamic pressure in the plenum is higher than the result
of the analogous calculation carried out in the plenum.

Since the DP component is of relevant importance in the evalua-
tion of the fan performance, the above points need to be carefully
taken in to consideration during performance measurements.

With the help of some CFD simulation, fig. 5.7, the mentioned test
rig can help to verify or improve the present performance measur-
ing procedures.

Fig. 5.7: Air velocity by CFD simulation.

Section at the symmetry plane (left) and horizontal section at static
pressure probes level (right).

Conclusions

In the previous chapters the main features of the 38 ft test rig have
been shown. Some results of the measurement of the first year of
activity have been shared as well.

The following points deserve to be highlighted:

e The unit allows real-scale measurements of fans performance
and noise both in design conditions as well as related to cells
singularities that can be mocked-up on the rig.

* The size and the features of the rig were chosen following the
recent trend of several plants with the aim to simulate and
study the dynamic effects on both ACC and CT fans as well as
their performance and noise characteristics. Thank to the rig,
the interpolation algorithm of the fan curves can be adjusted
removing excessive safety margins unavoidable when applying
the fan rules to a very broad size range.
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e Large fans are subjected to dynamic load of primary impor-
tance that are difficult to foresee but can be simulated with
satisfactory approximation and at real scale with a proper set-
ting of the rig and the related instrumentation. The unique
features of the rig allow to set the cell configuration in order to
replicate some standard situations as well as anomalous work-
ing conditions like flow asymmetry due to cross wind or fan
position, bridge shape or size, bridge distance from the fan,
blades operating in resonance range and so on. All the men-
tioned conditions are extremely difficult, if not possible at
all, to capture on site ot to simulated on scaled-down models.
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Constructing Non-P Passivation Films for

Cooling Applications: Surface Science

Perspective

Paul R. Frail
SUEZ — Water Technologies & Solutions

Abstract

To comply with environmental regulations or to
ameliorate an existing calcium phosphate fouling
issue, more customers are looking for non-P cool-
ing corrosion control programs. Simply transition-
ing from a calcium phosphate to a non-P corrosion
control program is relatively seamless due to the
slow dissolution of the existing calcium phosphate
passivation film to the new non-P passivation film.
A more difficult transition is when the surface is
neat due to a freshly cleaned surface or a re-tubing

coupled with traditional corrosion monitoring for cooling applica-
tions the necessary means to construct effective passivation films
will be discussed while exploring the various options available: (i)
use of metal additives such as Al, Zn, Sn, etc.; (ii) non-P polycar-
boxylic acid derivatives; and (iii) potential new approaches.

Introduction

Industrial cooling systems must mitigate and tolerate the various
forms of corrosion.! Thermodynamically, all metals are driven to-
wards reaching their highest oxidation state, meaning that all base
metals, under oxidative conditions, are looking to transfer electrons
into the electrolytic medium to reduce oxygen or chemical oxidizers.
Opver time, an oxide layer can form that retards the electron transfer
processes until the now cationic metal ion dissolves into the aque-
ous phase via chlorides or sulfates. The base metal, without an oxide
layer, is the most reactive. Nobel metals, such as titanium, zirconi-
um, etc., are not always an economical option to replace lower noble
metals, such as low carbon steel. Mitigation using chemical treat-
ments is often the best course of action. Unfortunately, inadequate
passivation of exposed base metal after re-tubing a heat exchanger,
system cleaning, start up of a new system, etc. often occurs resulting
in corrosion damage that impacts the asset’s use lifetime.

Industrial cooling systems rely on a variety of chemical inhibitors to
form a protective passivation layer on the metal surface. Chemical
inhibitors include the use of heavy metals (Cr, Mo, Zn, etc.), inot-
ganic phosphate, organic phosphonates, and polycarboxylic acids.
The inhibitor is described based on the which of the two corrosion
reactions they inhibit: anodic or cathodic reaction (Equation 1). De-
termination of whether a corrosion inhibitor is anodic or cathodic
is done via electrochemical experiment such as a Tafel plot. To pas-
sivate an exposed metal surface, chemical inhibitors are typically ap-
plied under low hardness conditions at 2-3 times the maintenance
dose under cycled up operating conditions. The expectation is that
by feeding 2-3 times the maintenance dose the system is saturated
with a chemical inhibitor, which drives the passivation film forma-
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of a heat exchange bundle. Utilizing surface analysis techniques

tion on the exposed base metal with complete cov-
erage of the metal piping,

Passivation with a heavy metal often results in posi-
tive outcomes. Unfortunately, heavy metals have
negative impacts on the environment and the in-
dividuals that handle these chemical reagents. As
the industry moved away from the use of chro-
mium corrosion inhibitors and replaced them with
phosphorus, comparable performance could be
achieved®* This is due to the thicker passivation
film that phosphorus-based chemical treatments
form.? Phosphorus chemical treatments may have
provided adequate passivation films, they also run
the risk of fouling or can have negative impacts on
the environment. Phosphorus chemistries are not
inherently toxic to individuals and the environment directly. Rather,
as a micronutrient, they accelerate microbiological growth that can
result in biofilms, toxic levels of pathogens such as Legionella, or al-
gal blooms that deplete oxygen from bodies of water and/or release
toxic levels of respiratory bioproducts. For these reasons, regula-
tions are becoming stricter regarding the use of phosphorus-based
chemistries in industrial cooling systems.”!

M = base metal
n = number of electrons

M0 ——— ne + M™
0, + 2H,0 + 4&¢ — 40OH'

Anodic Reaction — Generates electrons

Cathodic Reaction — Accepts electrons
Equation 1 - Anodic and cathodic half reactions

Polycarboxylic acid chemistries, without the presence of P in the
molecular composition, have been investigated as corrosion inhibi-
tors. Organic, carbon-based chemistries remain largely unexplored
as a sole passivating agent in industtial systems.'""” These polycat-
boxylic acid chemistries are common in industrial water systems
as scale-inhibiting treatments and have been used in junction with
heavy metals or phosphorus chemistries to achieve desirable cor-
rosion rates. With increased scrutiny over the use of phosphorus
and/or heavy metals there is a resurgence of interest in new, phos-
phorus-free, polycarboxylic acid corrosion inhibitors for industrial
water treatment.'”?’

Previous work has shown the use of specific Carbon-Hydrogen-
Oxygen (CHO) based inhibitors to be effective in corrosion control
for industrial cooling applications without the addition of phos-
phorus chemistries such as phosphate, pyro-phosphate, or organic
phosphonates. CHO inhibitors work with the ionic species in the
water solution to form effective corrosion protection films that can
achieve less than 2.0 mpy and sometimes less than 1.0 mpy with-
out localized corrosion. Additionally, these inhibitors could be en-
hanced to further lower the corrosion rates with the use of excep-
tionally low doses of soluble cationic aluminum species.'"* The low
levels, less than 0.5 ppm, act as a catalyst for forming a CHO-salt
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capping matrix without the addition of phosphorus to the chemical
treatment program.”’

This work examines the use of CHO inhibitors, with and without
the use of a soluble cationic aluminum film catalyst, to passivate low
carbon steel surfaces under low hardness conditions.”” Sutface anal-
ysis techniques aide in elucidating the films chemistry, construction,
and relationship to the chemical treatments and water chemistry.
Passivating a fresh and exposed metal surface is critical to ensuring
asset longevity. Key learnings from the surface science compliments
the development of non-phosphorus corrosion programs that en-
rich the metal oxide interface and catalyze a capping matrix that
revels calcium phosphate programs and heavy metals.

Methods and Materials: Full experimental details concerning the
design and capabilities of testing equipment have been described
previously. Corrosion rates were measured by weight loss or calcu-
lated using the linear polarization method and reported as mils of
penetration per year, mpy.>’

Beaker Corrosion Testing: Beaker testing methods and materials
have been described in detail previously. The method utilizes the
standard 3 electrode corrosion cell in synthetic cooling water with
treatment doses. Instantaneous corrosion rates are acquired as Rp
vs. Time plots for a predetermined time: generally, 18 to 40 hours.
The total average of the instantaneous corrosion rates is used to
evaluate performance; as well as, evaluating inserted coupons for
deposit and density of corrosion cells.

Cooling Recirculating Tests: All coupons, heat exchange sutfac-
es, and corrosion data were acquired using Bench Top Units (BTU)
with various water conditions. Specifics regarding the test method-
ology have been reported previously.

Coupon Preparation: Laboratory coupons were polished with
corn cobb media, sonicated, rinsed with distilled water (DI) and
isopropanol, and polished with acid/pumice prior to use. Field cou-
pons were used as received in protective sleeves. All coupons are
inserted at the start of an experiment or field coupon cycle. At the
end of the testing duration the coupons are removed, rinsed with
DI water to remove the application water, and air dried prior to
shipping. Coupons were stored under dry conditions prior and dur-
ing shipping to the GE Global Research Center in Niskayuna, NY
for surface characterization.

Surface Analysis: X-Ray Photoelectron Spectroscopy — XPS
measurements were performed on a Kratos Axis Ultra DLD instru-
ment (Kratos, Manchester, England) using a monochromatic AlKa
X-ray source (1486.6 eV). The analysis area is 700 x 300 mm2. Com-
positional survey scans were acquited using a pass energy of 160 eV.
Three spots on each coupon were analyzed. The compositional data
are an average of the values determined at each spot. Compositions
were calculated with CassXPS software.

Time of Flight Secondary Mass Spectroscopy — ToF-SIMS
measurements were performed using an ION-TOESIMS 5-100
(ION-TOF) GmbH, Munster, Germany). The instrument was
equipped with 25 kV and bismuth liquid metal ion gun (LMIG).
The analysis Bi3+ beam was rastered over a 100 x 100 mm?2 area
on the coupon’s surface. A low energy electron flood gun was used
to stabilize surface charge and the high current bunched mode was
used for analysis. Data analysis was performed using a Surfacel.ab 6
software from ION-TOF GmbH.

Transmission Electron Microscopy — TEM analysis were con-
ducted using FEI Osiris TEM operating at 200 kV equipped with 4

SDD detectors for faster acquisition of EDS signal. The image was
collected in the STEM mode. Due to the presence of organic layers
on top of the sample STEM mode was selected to give lower dose
to the sample and minimize possible beam damage. TEM samples
were prepared with Focused Ion Beam (FIB) lift-out technique to
extract cross section specimens. The dual beam FEI NOVA FIB
was used to prepare the TEM cross section.

Discussion

Recently, an admiralty brass heat exchanger tube from a west coast
refinery was examined using surface analysis techniques. The tube
itself was replaced for no specific reason or cause. Rather, the
tube had been in service beyond the expected lifecycle of 42 years.
During this time the tube itself had experienced a wide range of
chemical treatments and conditions. Visibly, there were no remark-
able corrosion features, Figure 1. SEM and TEM images reveal the
tube suffered significant intergranular cracking and build up of
>10-micron thick scale, Figure 2. Both phenomena are expected
from a heat exchanger tube with extended years of service under
refinery conditions. Surface analysis techniques were used to better
understand what was happening at the metal interface to allow for
extended service time. Once the chemistry is elucidated via surface
analytical techniques, could a similar surface passivation film be en-
gineered under no added phosphorus conditions to provide equal
performance.

The top surface layer was examined by XPS and an average elemen-
tal composition was obtained for the top 10 nm of the passivation
film, Table 1. There were minimal amounts of nitrogen suggest-
ing a very low concentration of azoles on the upper most surface
layer.''® 2 The XPS composition suggest the top passivation layer
consists primarily of corrosion products that formed amorphous
colloids with typical scaling salts found under industrial cooling ap-
plications: Zn and Cu from the ADM surface combined with Si,
Ca, and P from the concentrated cooling water. Unfortunately, this
alone does not reveal why the tube was able to have a 42-year life
cycle without significant localized and general corrosion.

Cross sectional SEM with EDS mapping was performed on the
heat exchanger tube, Figure 3. The SEM image reveals significant
formation of grain boundary attack. An anticipated result given the
longevity of the heat exchanger tube. The passivating surface film
ranged in thickness between 10-100 microns with porous segments.
Elemental mapping initially revealed a surface film rich in O, P, Ca,
and Si. The elemental mapping of oxygen suggested that the grain
boundary attack may be driven by internal oxidation and dezincifi-
cation. Versus a standard phosphate program there appears nothing
remarkable concerning a cause for the long term of service other
than a thick surface film.>*® However, when one considers the life
time of the heat exchanger tube it becomes relevant to investigate
the Cr contribution since the tube life overlaps with chromate-based
corrosion programs.

The EDS mapping of the cross-sectional SEM reveals the metal in-
terface layer is enriched with a chromium film that is then capped by
various salts that originate from the industrial water stream, chemi-
cal treatments, or corrosion products. A more defined picture of
the Cr film was examined using FIB lifted sample under TEM with
EDS mapping, Figure 4. The enrichment of the metal interface
with chromium appears to be a critical step in forming passivation
films that deliver extended protection within a corrosive environ-
ment. Despite decades of various chemical treatments and water
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conditions the chromium film remained intact at the interface while
a capping matrix was building and transforming over time. This is a
desirable design or engineering motif that would need to be present
in any new corrosion control chemistries or program.

Thus, for non-phosphorus application it is necessary that a similar
film is engineered on the surface. A film that enriches the metal
interface and then allows a thicker capping matrix to form on top
of the initial passivation, Figure 5. If this initial enrichment is not
achieved the passivation film is weak and not robust enough to
withstand the simultaneous chloride attack and dissolution with the
electron transfer reaction. Traditional corrosion perspective would
require one to develop inhibitors that impacted either the anodic or
cathodic reaction as determined via a Tafel experiment. Engineered
filming technology focuses on the ability to form surface films that
enrich the metal interface and then are capped by electrically insulat-
ing salt-organic matrix. This matrix prevents the necessary electron
transfer reaction involved in the corrosion process.

Phosphate or phosphorus inhibitors allowed the industry to move
away from the use of toxic metals such as chromium, molybdate,
and zinc because these chemistries formed thick surface films: 200
nm to several microns thick.*” The film consisted mostly of cal-
cium phosphate combined with calcium carbonate and some of the
organic chemical treatments. Recently, surface analysis of corrosion
protection films highlighted the important role the stress tolerant
sulfonated dispersant polymer plays in forming calcium phosphate
films. Similarly, the choice of polycarboxylic acid, or CHO inhibitor,
plays an important function in facilitating the formation of surface
films. The incremental removal of phosphate from a corrosion con-
trol program results in elevated corrosion rates and erosion of the
protective phosphate matrix to the point where localized corrosion
is evident. Under non-phosphorus conditions the ability to passiv-
ate a pristine surface, due to replacement of metallurgies or clean-
ing, would seem problematic and a cause for concern.

Previously, it was noted that to engineer protective surface films
under non-phosphorus corrosion control programs, the correct
CHO inhibitor needs to be selected. The CHO inhibitor has two
necessary roles:

1. act as a surface buffering agent and
2. aides in constructing the salt-CHO capping matrix that is
electronically insulating and prevents the electron trans-
fer reaction to occut.
Similarly, the correct CHO inhibitor needs to be selected to passiv-
ate a fresh metal surface. Low hardness conditions were selected to
represent a difficult to treat start up conditions. A series of CHO
inhibitors, Table 2, were selected to illustrate that CHO-1 inhibitor
is unique versus traditional CHO polycarboxylic acids derivatives
commonly used in industrial water treatment.”

CHO-1 was compared to several polycarboxylic acid derivatives un-
der the low hardness conditions, Table 3, to simulate passivation of
a cleaned or replaced low carbon steel heat exchanger tube: CHO-1
inhibitor with and without aluminum, polyacrylic acid, polymaleic
acid, and a polyhydroxy starch, Table 2. All were dosed continuously
at elevated levels versus maintenance dose, 25 ppm active, while pH
was maintained at 8.0. The first 24 hours no heat load was applied to
the system or oxidizer fed. If the inhibitors were effective at enrich-
ing the metal interface no corrosion, general or localized, would be
seen in the first 24 hours of circulation. If the inhibitor provided
adequate protection a heat load would be applied to achieve 135 °F
skin temperature (120 °F temperature in the sump). Once equilibrat-

ed at temperature and pH, oxidizer would be fed into the system.
In some scenarios, the sump would be dumped and transitioned to
typical cycled water conditions in efforts to highlight the robustness
of the passivation film to withstand typical cycled cooling water,
Table 3, without the presence of added phosphate. Or, a more diffi-
cult test, the low hardness conditions were continued with 0.3 ppm
residual hypochlorite for the duration of the test.

Polymaleic acid, PMA, was tried as a potential CHO inhibitor for
passivation. Under no heat load rapid appearance of localized cot-
rosion was seen under low hardness conditions that did not have the
presence of any phosphate or phosphorus chemistries. Doubling
the concentration of PMA did not eliminate the localized corrosion
during the initial passivation step. Comparing the two low carbon
steel heat exchanger tubes it does appear that increasing the concen-
tration reduced the density of pits and perhaps their overall thick-
ness. Unfortunately, neither conditions were suitable as a passivating
treatment. Polyacrylic acid produced similar results, with some im-
provement. Unlike the PMA, there were signs of a precipitated Fe-
PAA complex in addition to the numerous localized corrosion cells.
The overall passivation film is visually improved versus PMA. The
poor performance can be related to the inability to fully cover the
entire metal surface giving rise to localized corrosion. Increasing the
dose of PAA was not attempted due to previous learnings that PAA
can form insoluble salt complexes. Visual comparison between the
runs can be distinguished from Figure 6.

One example of a polyhydroxy starch complex, saccharic acid, was
screened as a potential passivating species. There have been numer-
ous reports of such class of molecules being effective corrosion
inhibitors. After the initial passivation of no heat load there were
a small density, 10-20 localized corrosion cells on the heat transfer
tube, slightly improved versus the PAA experiment, and the test
proceeded with a heat load. When the heat load was applied the lo-
calized corrosion cells rapidly began to grow and eventually formed
tubercle mounds. As seen in Figure 6, the corrosion was too sevete
to continue testing. Doubling the concentration was not considered
as saccharic acid being a starch derivative is easily convertible to
nutrients for microbiological growth and would not be advisable.26

CHO-1 outperformed the common industrial cooling polycarbox-
ylic acid species. The inhibitor alone produced small pit density on
the tube, < 10, and the surface film was able to withstand a heat
load, Figure 7. The addition of oxidizer, as hypochlorite, increased
the degree of corrosion and was still able to produce coupon corro-
sion rates less than 2.0 mpy under low hardness conditions. Howev-
er, corrosion on the heat exchanger tube was too severe when a heat
load and oxidizer were applied and would be suitable only for trans-
fer piping. CHO-1 inhibitor outperformed the other polycarboxylic
acids species because it can initially enrich the metal oxide interface
with a thin protective layer. Even though the CHO-1 inhibitor could
passivate the low carbon steel under low hardness conditions the
passivation process still needs to be improved to achieve no local-
ized or general corrosion and have instantaneous corrosion rates
less than 1.0 mpy and preferably less than 0.5 mpy.

The performance of CHO-1 can be improved by using very low
amounts of soluble aluminum, < 0.5 ppm."**’ Previously, aluminum
was reported as a viable zinc and tin alternative.”’ Zinc is a primary
pollutant and is highly regulated for discharge purposes and forms
common fouling salts with phosphate and carbonate. Tin is relative-
ly new to the industrial cooling applications space and has several
concerning features: it is a redox active salt and can have an oxidizer
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demand; it is galvanically active, more so in the higher oxidation
state; it is sparingly soluble under cooling conditions. The soluble
aluminum complex used for enhanced corrosion protection is not
redox or galvanically active. Aluminum solubility is highly predict-
able using competitive ion equilibrium modeling and use concentra-
tions are often well below saturation limits. The effective dose is
often well below potential permit limits.

Figure 8 is the heat exchanger tube after passivation and is clear of
any localized or general corrosion. The robustness of the passiv-
ation surface film under low hardness was tested by applying heat
and ~0.3 ppm residual chlorine. The aggressive conditions did not
break the passivation film and resulted in a clean tube with varying
hues of colors. The color formation is indicative of an amorphous
film that fully covers and protects the surface. Electron transfer re-
actions could not proceed through the engineered film as seen with
other polycarboxylic species. CHO-1 with Al was also able to pas-
sivate a low carbon heat transfer tube and then quickly switch over
to cycled cooling water without having the film break. Additionally,
CHO-1 with Al was used under low hardness conditions and elevat-
ed temperature and low flow, 2 ft/sec, and still was able to engineer
a strong electronically insulating passivating film that did not result
in any forms of corrosion, Figure 9.

Surface analysis of coupons generated during the passivation pro-
cess revealed insights into why the CHO-1 with Al system provide
the best performance. XPS results suggested the surface is covered
by a Ca-Si-O-organic matrix, Table 4. However, XPS only measures
the top 10 nm of the surface film and does not elucidate anything
regarding the chemistry at the metal oxide interface. As shown with
the chromium example, enriching the metal oxide interface initially
is the most critical aspect of passivating a metal surface to ensure
longevity. Cross sectional analysis of the coupon performed via
a focused ion beam, FIB, lift off technique and SEM with EDS
mapping, Figure 10. The results were surprising. Given the soluble
Al species is fed continuously it was expected that the Al would
be present in all areas of the film. Rather, it was revealed that the
Al targeted the metal oxide interface versus the capping layer. Like
chromium inhibitor example, Al enriched the metal oxide provid-
ing the necessary protection and then catalyzed the capping matrix
that is formed from the water chemistry and the CHO-1 inhibitor.
Without the presence of soluble aluminum species during the pas-
sivation step it is more difficult for the CHO-1 inhibitor alone to
enrich the metal oxide interface leading to avenues within the sur-
face film for electron transfer to occur resulting in corrosion.

The use of soluble Al species is very effective in forming passiv-
ation films. Surface science has revealed how long-term corrosion
protection can be achieved; the question remain weather one could
do this as effective without the presence of a metal species. Present-
ed here are two examples of how surface films can be engineered
with minimal laboratory iterations when equipped with the neces-
sary connection between the role of inhibitor, water chemistry, and
metal surface. EXP1 inhibitor, which also falls under the CHO class
of inhibitors, was able to passivate the metal surface in the absence
of soluble Al species, transition over to cycled water conditions,
and provide acceptable protection of admiralty brass coupons
while protecting low carbon steel from galvanic corrosion, Figure
11. EXP2 inhibitor represents a non-toxic, biodegradable, and en-
vironmentally friendly solution that could passivate several metal
surface types under non-phosphorus conditions. Under low hard-
ness passivation conditions, it was able to passivate a low carbon

heat transfer tube comparable to CHO-1 plus soluble Al species,
Figure 12. The film was robust enough to tolerate a rapid switch
to cycled cooling water, heat load, and residual chlorine. Unlike
the CHO-1:Al system the EXP2 inhibitor does not need to be fed
after passivating the surface. Surface analysis of these species are
ongoing and not fully completed for this publication. Nonetheless,
it represents exciting developments for future industrial corrosion
control program design.

Conclusions

The initial passivation of the base metal oxide layer is a necessary re-
quirement to ensure extended use lifetimes of heat exchanger tube
and metal pipping. Examining an ADM heat exchange tube with 42
years of service revealed the initial passivation with chromium aided
in protecting the pipe from a wide range of harsh conditions expe-
rienced at a refinery. Engineering film technology can mimic the
admiralty heat exchange tube characteristics versus traditional in-
dustrial water cooling polycarboxylic acid derivatives in the absence
of adding phosphorus species to the chemical treatment package.
The use of a CHO inhibitor enriches the metal interface with ei-
ther a soluble aluminum complex or ionic salts present in the water.
Selecting the CHO inhibitor is critical to performance and CHO-1
inhibitor with the soluble aluminum complex outperforms PAA,
PMA, and a polyhydroxy starch. Surface analysis reveals the CHO-1
inhibitor with soluble aluminum complex forms an analogous pas-
sivation film as seen in the 42-year service admiralty heat exchanger
tube. Using the acquired knowledge form surface analysis of metal
surfaces two new chemistries were explored that can passivate the
metal surface without the use a cationic metal species and be robust
enough to handle synthetic cycled cooling water. These new chem-
istries are currently being explored to understand their passivation
mechanism and chemistry.
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Tables and Figures

Figure 1 - Photo (left) of inner admiralty heat exchanger tube with 42
years of service at a US West Coast refinery. SEM images (right) of
the inner tube exposing the surface film and numerous crevices in the
deposited layer, SEM images are focused on the top layer of the

.
-

Deposited layer

Brass Tube

exposed inner admiralty heat exchanger tube.

Figure 2 — Cross sectional SEM image of the admiralty

heat exchanger tube exposes the extensive grain boundaries

because of extensive lifetime.
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Table 1 - XPS results of the top layer of the
admiralty heat exchanger tube

Cui bal 2 0 Kaxl

Treatment Dose Characteristics Low Hardness low hardness passivation
ave Stdev (ppm passivation (no heat) (with heat load)
active)
C 37 . 0 1 . 7 Polyacrylic acid, 25 MW =2 - 5K Failed, high pit test stopped
PAA density
N 0. 7 0_ 1 Polymaleic acid, 25 MW = 300 - Failed, high pit test stopped
PMA 1000 density
0 42 4 0 1 Polymaleic acid, 50 MW = 300 - Failed, high pit test stopped
- - PMA 1000 density
Polyhydroxy 25 MW = 300 - borderline, localized Failed, high pit density
Cu 5' 1 0‘ 3 Starch 1000 corrosion cells with tubercles
CHO-1 25 roprieta Pass Borderline, localize
Zn 3- 6 1 . 2 PP i corrosion cells
. CHO-1 with Al 25 and roprieta Pass Pass
Si 4.6 3.4 ozsa | o
EXPI1 - no 25 proprietary Pass Pass
Ca 2.1 1.7 metss
EXP2 - no 25 proprietary Pass Pass
P 4.5 2.0 metals

Table 2 — Common polycarboxylic acid industrial cooling treatments
versus CHO-1 inhibitor and their ability to effectively passivate a low
carbon steel heat exchange tube under low hardness conditions.

Water Chemistry | Passivation Tr&lastl::.on ?:isgslllv:te:}:;
Ca as CaCO3 56 600 120
Mg as CaCO3 48 300 55

M-alk as CaCO3 100 200 142

0-PO4 0.3 1 0
Si02 30 50 65
Cl 62 424
S04 52 240
Dispersant 6 8

Figure 3 — Cross sectional SEM image with elemental EDS mapping of
the admiralty heat exchanger tube. The oxygen and zinc images reveal
the extensive grain boundaries that appear to be caused by
dezincification and internal oxidation.

Table 3 — Low hardness water testing conditions

Figure 4 — Focused Ion Beam lift out technique was used to produce a
cross sectional sample for TEM imaging with EDS mapping of an
admiralty heat exchanger tube with Cr overlay. The chromium film

enriches the base metal oxide layer providing the necessary protection

for extensive use lifetime. A capping layer builds on top of the initial
chromium layer providing additional detection.

1. Metal is primed 2. CHO Inhibitors 3. Film growth, CHO 9. Polymer and CHO)
for film formation catalyze salt inhibitors may inhibitors control
matrix formation adhers to surface thickness and
prevent fouling

RO

Base Metal

]
®
e
=

Base Metal

[

Figure 5 — Engineered passivation technology will build a surface film
at the metal oxide interface utilizing Carbon-Hydrogen-Oxygen
inhibitor. The role of the CHO inhibitor is to act as a surface buffering
agent while facilitating the construction of the passivation film with the
ions in the aqueous electrolytic medium. Selection of CHO inhibitor is
critical to forming robust passivation films under non-phosphorus
conditions and chemical treatments.

(%77 W CTI Journal, Vol. 42, No. 1

Figure 6 — Comparison of low hardness passivation with common
polycarboxylic acid industrial cool chemistries: A. 25 ppm PAA; B. 25
ppm PMA; C. 50 ppm PMA; D. 25 ppm Polyhydroxy Starch, failed
after turning on a heat load of 135 °F skin temperature.

Figure 7. CHO-1 passivation under low hardness conditions of a heat
exchanger tube with a heat load.
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Figure 10 — SEM cross sectional imaging with EDS mapping for
CHO-1 with soluble Al complex. The metal oxide interface is
enriched with Al and then capped with Si-Ca-O-P layer.

Figure 8 — Low Hardness passivation with CHO-1 and Al soluble
complex. The initial step without and with heat load were successful
and the experiment was continued with the low hardness water with

the addition of free residual chloride of 0.3 ppm for seven days.

Figure 11 — Engineering Film Technology focused on chemistries that
can enrich the metal oxide intetface and build the capping layer without
the use of metals under low hardness conditions. EXP1 was successful
at passivating under low hardness conditions and was transferred over
to synthetic cycled cooling water. Below are photos of the low carbon
steel heat transfer tube and coupons after seven days with
residual chlorine levels of 0.3 ppm.

Figure 9 — Low hardness passivation with CHO-1 with soluble Al com-
plex and transition to higher temperature, 160 °F skin.

Average stdev Figure 12 - Engineering Film Technology focused on chemistries that
C 42 .8 1.1 can enrich the metal oxide interface and build the capping layer without
0 375 1.0 the use of metals under low hardness conditions. EXP2 was successful

: : at passivating under low hardness conditions and was transferred over
Fe 04 0.03 to synthetic cycled cooling water. Below are photos of the low carbon
steel heat transfer tube and coupons after seven days with

N 1.7 0.3 residual chlorine levels of 0.3 ppm.
Ca 9.8 0.2
p 5.1 0.7
Si 2.7 0.4

Table 4. XPS atom percentages of the top 10 nm of the passivation film
from treating low carbon steel with CHO-1 and a soluble Al complex.
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Using An Ultrasound Measurement

Technology To Monitor Real-Time
Biofilm Activity Cooling Systems

Shihhsiang Sean Chien, Michael Bluemle

Solenis Llc

Abstract

Microbial (MB) growth management in cooling sys-
tems requires an integrated approach to control both
suspended (planktonic) and sessile bacteria (biofilm)
through proper chemical treatment and monitor-
ing. Technologies are now moving toward in-situ
monitoring of microbial growth in the cooling sys-
tem. This paper reviews an advanced technology to

treatment programs. Therefore, monitoring biofilm
formation in the early stages is critical to suppress
the bioactivity in the cooling system.

Advances in monitoring technology, especially since
the late 1990s, have yielded various types of online
and real-time biofouling monitors. Electrochemical-
based technologies use electrical resistance tech-
niques to quantify the existence of living biofilm
(Liu, 2012). Thermal transmittance-based technolo-
gies use heat transfer resistance to recognize the for-
mation of scale or biofilm (Wan and Xiao, 2011).

monitor and, ultimately, to optimize the chemical us-
age for MB control. The core of the integrated MB
control solution is based on a real-time monitoring device that em-
ploys both an ultrasonic thickness sensor and a thermal resistance
sensor to detect biofilm growth. Evaluation was conducted under
both laboratory and field conditions. Results indicate that not only
the biofilm can be detected in the eatly stage, but also the instanta-
neous biofilm thickness measurement was responsive to different
MB treatment programs. Case studies demonstrating successful MB
growth management with the application of the technology in pow-
er, refinery, and chemical production industries will be discussed.

Introduction

Microbiological (MB) growth management in recirculating cooling
systems requires an integrated approach to control both heterotro-
phic and sessile bacteria through proper chemical treatment and
monitoring. The suspended (planktonic) bacteria enter the system
from various makeup water sources. Once attached to the surface,
heterotrophic bacteria produce extracellular polymeric substances
(a.k.a. slime) and form a biofilm to protect the bacterial colonies
from environmental and mechanical stresses. Biofilm is a loose ma-
trix of different kinds of microorganisms that is held together with
a slimy substance called extracellular polysaccharide (EPS). A large
portion of a biofilm is simply water (Zhang et al., 1998), but the
exact composition and structure is determined by the available nu-
trients and surrounding environment (Stoodley et al., 1998). Biofilm
formation poses a significant problem to cooling water systems as
a major source of process yield reduction due to low heat transfer
efficiency and frequent corrosion issues. The formation of biofilm
can be affected by surface temperature and water composition.
Higher surface temperatures not only drive faster microbial growth
cycles (Herald and Zottola, 1988), but also enhance colonization
with higher bio-volumes, higher percent moisture and higher ratios
of anaerobic to aerobic bacteria (Beardwood & Therrien, 1999).
Most microorganisms can form biofilm and are able to accumulate
on heat exchanger surfaces within 4 to 8 hours (Rossmoore, 1996).
A combination of mineral fouling and biofilm not only significantly
decreases heat transfer and pumping efficiency, but also promoting
the oxidation of metals. Recirculating cooling systems are also a
major pathogenic source of Legionella disease with inappropriate

Shihhsiang Sean Chien

A recent study introduces a device, the piezo crys-
tal balance, which precisely measures the increase
in weight caused by deposition/biofouling (Fu et al., 2017). These
technologies provide measurements of biofilm growth based on in-
direct parameters and rely on multiple measurements to calculate
specific coefficients, such as heat transfer coefficient (U). Unless the
testing conditions are normalized, a slight change in process water
flow, bulk water temperature or heat exchanger surface temperature
can affect the accuracy of the measurements. Beardwood (2011)
demonstrated that a significant increase in foulant coverage in a
steam surface condenser was required to yield similar fouling read-
ings measured by a side-stream testing section. Under such condi-
tions, detection of biofouling would not be expected until a mature
and uniform biofilm had developed.

Technologies are now moving toward in-situ monitoring of micro-
bial growth in the cooling system. This paper reviews an advanced
technology to monitor and, ultimately, to optimize the chemical us-
age for MB control. Mauricio et al. (2013) showed the usefulness
of non-invasive ultrasound to determine biofilm thickness inside
potable water supply pipes. This method allows direct measurement
of existing biofilm in the liquid phase based on the analysis of ultra-
sound pulse-echo behavior. However, whether this technology has
the ability to detect biofilm at early stages or is applicable in highly
stressed industrial systems is unknown. The core of the integrated
MB control solution is based on a real-time monitoring device that
employs both an ultrasonic thickness measurement and a thermal
resistance sensor to indicate biofilm growth. The device is designed
to simulate process conditions that are conducive to MB activity,
which can provide an early warning of biofilm growth. With the
ability to track biofilm thickness in real-time, the device can ini-
tiate and optimize chemical treatment programs through built-in
algorithms.

Evaluation of the technology was first conducted on a pilot cool-
ing system using synthetic cooling water with cultured heterotro-
phic bacteria. Results show that the device was able to detect the
establishment of sessile bacteria in real-time during the bacterial
growth phase under laboratory conditions. The second part of the
lab validation focused on optimizing MB treatment process using
the technology. When the biofilm growth reached ecither a heat
transfer reduction or biofilm thickness threshold, the system was

@ CTT Journal, Vol. 42, No. 1
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automatically treated with organic dispersant and oxidizing biocide
in a pre-defined sequence. Various organic dispersants and biocides
were also evaluated for optimal biofilm removal efficacy. Lastly,
field trials were conducted to verify the applicability of the technol-
ogy under real world condition. Results of field trials demonstrated
that the instantaneous biofilm thickness measurement was respon-
sive to different MB treatment programs. Case studies of successful
MB growth management when applying the technology in power,
refinery, and chemical production industries will also be discussed
in the paper.

Instrument Development

The heat transfer sensor and ultrasound thickness measurement
sensor designs were adapted from previous work (Bierganns et al,,
2016; Chien et al., 2018), which successfully monitored inorganic
scale growth in multiple industrial applications. A heated stainless
steel surface target, which is suitable for biofilm growth, is used in
the device. The built-in variable heating element provides consistent
heat output to maintain the desired surface temperature while built-
in thermocouples measure temperature differences in real time.
With the assistance of a pre-programmed algorithm, the heat trans-
fer reduction sensor also reports the development of biofilm as a
fouling factor and a heat transfer reduction index. The heat transfer
reduction index is defined as the difference between the surface and
the bulk water temperature at time zero (equilibrium) and at time X.
Heat transfer reduction index = AT, - AT (Eq.1)
where AT, =T  —T  attimeX;AT =T . -T .

zero (equilibrium)

Lat time

The ultrasound thickness-measuring device was invented to mea-
sure mineral deposition with a minimal thickness of 0.001 mm (Se-
ida et al.,, 2009). An ultrasound transducer capable of sending and
receiving low-frequency signals (5-15 MHz) at a speed of 1480 m/s
(4856 ft/s) was employed to determine the time difference (a.k.a.
run time or lag time) between each transmission and reflection. The
time difference measured after time zero can then be converted to
distance change between the transducer and the target surface. The
change is due to the accumulation of a foulant. The transducer has
a resolution of 120 picoseconds, which could be converted into a
theoretical thickness of 0.2 um.

Additionally, the ultrasound sensor can distinguish biofilm from dif-
ferent types of foulants by amplifying signals at specific gain set-
ting. The resistance of propagating sound, acoustical impedance,
is the commonly used physical property for ultrasound technology
because it varies based on material density and complexity. It is a
combined impact of speed of sound in different medium and re-
flection probability of deposit surface. The corresponding reflec-
tive sound signals could be used not only for measuring, but also
for differentiating the type of deposit. For example, mineral scales
typically have high densities, while biofilm may contain up to 90%
water and non-homogenous organic content.

The acoustic impedance, percentage of deposit content and associ-
ated deposit characteristics for different materials are summarized
in Table 1. The observed percentage of deposit helps to determine
whether to amplify or to reject the weak reflecting echoes (signals)
for better resolution. For example, the received signals for biofilm
accumulated on the stainless steel surface consisted of 0.4% of the
weak reflection from actual biofilm, and 86% of the strong signals
from the SS surface. Therefore, the process could be modified to
determine all three forms of deposits (Seida et al., 2013; 2015). On-

board algorithms also were developed to correct and compensate
for changes in bulk water temperature, pressure and ionic strength,
which affect the speed of sound in water. The final design of the
integrated heat transfer reduction sensor and the ultrasound thick-
ness sensor is illustrated in Figure 1 (Seida, et al., 2013).

. Acoustical D. ial based on received ul 4 el
Material Impedance, —
10® kg/m*sec Deposit, % Characteristics | Non-deposit, % | Characteristics
Water 15 - N/A =~ 100 N/A
. Soft surface, Hard surface,
Biofilm 17 04 weak signal 86.0 strong signal
Hard surface, Hard surface,
Scale 20 740 strong signal 05 weak signal
Hard surface,
Steel 45 100 sirona sianal - INAA

Table 1. Percentage Distribution of Ultrasound Reflection

Ultrasonic
Sendar
i Heated
Reflection ||
! Tar it
W Astembly

Figure 1. Side stream integrated heat transfer
reduction sensor and ultrasound sensot.

Parameters, such as temperature, pressure, and ionic strength, can
affect the speed of sound in water or any type of media (Medwin,
1975). For example, the difference of thickness calculation between
1 and 50 mS/cm water sample is about 3 um with a 10 nanosecond
time difference between pulse and reflection signals at a bulk water
temperature of 86 °F (30 °C). An average compensation of 7 pm
per 1 mS of conductivity increase at 10 mS conductivity water is
needed for an accurate measurement. Temperature swings exert an
even larger discrepancy, where a 30 pm thickness increase is ob-
served per 0.56 °F (1 °C) increase in water temperature. Therefore,
measurement corrections are needed and algorithms were devel-
oped to compensate for changes in bulk water temperature, pres-
sure inside the flow channel, and conductivity. Additional details
regarding the design and specifications of the ultrasound sensor
can also be found elsewhere (Chien et al., 2017; Bierganns et al.,
2016, 2017).

Before initiating pilot studies, , the new technology described in this
paper was validated through third party using actual biofilm growth
under static and dynamic laboratory conditions (not discussed in
this paper). The accuracy of the ultrasound thickness measurement
sensor was verified by using optical biofilm thickness measurements
at outside testing facilities. The non-destructive, in situ technique,
Optical Coherence Tomography (OTC), was used and provided
comparable biofilm thickness measurements. The results demon-
strated great correlation of ultrasound and OCT-based thickness
measurements in the range of 25 to 100 um (R2 = 0.9094). Details
of the work can be found elsewhere (Wagner, 2016, 2017; Bierganns
et al,, 2017).

Materials And Methods

The objective of this paper is to investigate the applicability of the
new technology for biofilm measurement and corresponding bio-
film growth control under different industrial applications. Standard
methods used to determine microbiological growth and experimen-
tal setup are described below.




Enumeration Of Biofilm

Laboratory-cultured bacteria was used in all benchtop and pilot
studies. The planktonic bacteria culture was obtained from a full-
scale, operational cooling tower and was fed with a nutrient-rich
medium (containing 50 ppm glucose, 44 ppm NO3 and 12.5 ppm
PO4). Microorganisms in this growth medium could reach a sta-
tionary growth phase within 72 hours under neutral pH and ambi-
ent temperature. The prepared culture then was used to inoculate
the target testing system with a microbial population between 104
and 106 CFU/mL.

Planktonic bacteria were enumerated directly using the plate count
method following the serial dilution technique. Biofilm, measured
as sessile bacteria, was first scraped off of the attached surface
using sterilized cotton swabs. Sessile bacteria were then dislodged
from the biofilm matrix by sonicating a cotton swab (with the bio-
film sample) fully immersed in phosphate-buffered water. The num-
ber of viable sessile bacteria were calculated by dividing the total
cells in the buffered water with the total surface area of the sample
collected. Planktonic and sessile bacteria are reported in colony
forming units (CFU) per milliliter and CFU per square centimetet,
respectively.

In addition to the traditional viable count method, biofilm coverage
also was determined using a direct microscopic method. The biofilm
images wete recorded using a live/dead stain indicator and a fluo-
rescence microscope with a magnification power of 50X. Microbial
cells treated with live/dead stain appeat green if they have intact
membranes and are healthy. They appear red after the membranes
are compromised, indicating the cells are either dying or dead. Yel-
low cells are believed to represent an intermediate state of damage.
Black areas on the sampling specimen are film-free sections. The
percent of coverage of the red and green areas on the images are
determined using computerized image analysis software containing
a built-in algorithm. Three fields of each coupon are imaged, quan-
tified and averaged to obtain the average percent coverage.

Pilot Testing System

The pilot cooling tower (PCT) is designed to evaluate the effica-
cy of cooling water treatment programs for scale, corrosion and
microbiological control with actual or synthetic makeup water un-
der a wide range of operating conditions. The PCT consists of a
central human machine interface (HMI) controller, a primary logic
controller (PLC) with a touch screen panel, and analyzers (pH,
oxidation-reduction potential (ORP) and conductivity). The central
HMI controller and PLC have two-way communication for online
performance control and data transfer to cloud-based data manage-
ment. Chemical feed pumps ate interfaced to the controller, which
can be used to maintain pH, biocide residual and chemical doses at
desired set points. The central HMI controller also maintains the
cycles of concentration by monitoring either the conductivity or the
fluorescent-based tracking chemical.

Figure 2. Overview of pilot scale testing apparatus. Biofilm monitoring and
control device (indicated by arrow) is located on the center-right and biofilm
sampling rack is on the left side of the image.

Results And Discussion

The following studies aimed at verifying the reliability of the inte-
grated ultrasound sensor under realistic conditions using the PCT.
Results of two pilot studies and two field trials are representative of
several different types of industry configurations. The water com-
positions for each trial are summarized in Table 2. In addition to
mineral salts used to make the ions, organic and suspended solids
also were added to simulate actual organic loading. For the PCT
studies, the cooling system was gradually cycled up to the desired
cycles of concentration (CoCs) and then inoculated with a prepared
inoculum (104 —106 CFU/mL of heterotrophic planktonic bactetia)
to accelerate biofilm formation. Nuttient-rich medium was continu-
ously added to the system to maintain healthy microbial activities.

PCT study #1 simulates a cooling system in a chemical process-
ing plant using influent with high silica content. Besides having a
premier cooling water treatment program with continuous bleach
feed, the cooling system also was treated with additional bromide
activated chloramine (BAC) to further improve corrosion inhibition
and microbiological control (Beber, 2016). The makeup tank was
agitated with a sump pump to keep the contents homogenized.

PCT study #2 simulates a cooling system with a bulk water tem-
perature of 29 °C (85 °F) and a linear flow velocity greater than
1 m/s (3.5 ft/s). To induce microbial growth, glucose was added
continuously to the cooling tower sump using a peristaltic pump.

Paramet PCT #1 PCT #2 CPI" BIO-R™

pH 792+003 | 788%0.10 7477 8283
Conductivity, mS/ 134527 | 232643 1803 2252
PALK, ppm CaCOs <0.1 <0.1 <0.1 43.7
MALK, ppm CaCOs 59.7+40 | 66.8%14.0 99.4 396.9
CaH, ppm as CaCOs 174.5+8.0 | 287.1 %145 290 845
MgH, ppm CaCO:s 833+46 | 1828+96 124 435
Cl, ppm 1433473 | 2884 +26.3 457 433
S04, ppm 3288296 | 7122507 142 996
Al, ppm 1.12+0.09 010 15 0.1
OrthoPOs4, ppm 364027 | 542+050 73 05
Polyphosphate, ppm 173+042 | 1422024 116 12
Soluble silica, ppm 1152+95 | 28403 55.9 131
Bacteria, CFU/mL (Max) 1.0E+04 2.7E+06 NIA NIA

* PCT: Pilot cooling tower; ** CPI: Chemical processing industry; *** BIO-R: Biorefining industry.

Table 2. Water Compositions of Pilot Studies and Field Trials

The chemical processing industry (CPI) and the biorefining industry (BIO-
R) trials used process waters supplied from side streams at customer sites
to demonstrate the performance of the biofilm monitor. Data were col-

lected through an online data management system and water analyses were
reported by a certified laboratory.

(94 7 CT1 Journal, Vol. 42, No. 1




Pilot Study #1

The first validation approach aimed at verifying the growth of bio-
film in the test apparatus and the correlation between heat transfer
reduction and biofilm thickness. The experiment started on August
10th, 2016 and the PCT system was maintained at the desired CoCs.
The system was treated with a continuous sodium hypochlorite feed
and a periodic BAC feed to remove any existing biofilm formation.
On August 23rd, two weeks into equilibrium, we suspended the
biocide treatment and seeded the cooling water reservoir with clari-
fier sludge collected from a local wastewater treatment facility to
encourage bacterial growth. Within 72 hours of adding the clarifier
sludge, biofilm accumulation was observed.

Both ultrasound thickness measurement and heat transfer reduc-
tion sensors detected the biofilm formation within reasonable time-
frame (Figure 3). Results show that the heat transfer reduction in-
dex responded to microbial activity slightly faster than the biofilm
thickness measurement. However, this is not surprising because the
scattered polysaccharide layer (Island Growth) may have affected
heat transfer before a biofilm colony formed. At the end of the test
period, the biofilm thickness reached 40 um with an associated heat
transfer reduction index between 0.4 and 0.5 °C (7.2 — 9.0 °F). Vi-
sual observation of the heating block confirmed the biofilm growth
and is displayed in Figure 4. The planktonic bacterial counts in the
recirculating water were 104 CFU/mL, and the sessile bactetial
counts collected from the heated target were 2.6x104 CFU/cm2.

With the capability to detect biofilm formation in eatly stage, the
next step is to determine if the analyzer could response to treatment
program. Monitoring the performance of the MB treatment pro-
gram is critical because undertreatment would lead to exaggerated
biofouling problem (Lechevallier, 1988). After biofilm attached to
the surface, we used stainless steel coupons and the direct micro-
scopic method to evaluate the impact of adding biopenetrant and
biocide. The image analysis of biofilm was not aimed at providing
direct counts of bacteria; the commonly used viable count is readily
available. In addition, viable cells inside bacteria were not uniformly
distributed. Although the area to be digitized was selected at ran-
dom, aggregates of organic deposition can still bias the final count-
ing of the bacterial population. However, when we compared the
bacterial numbers obtained by manual counts and through image
analysis, we found reasonable agreement (Figure 5).
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Figure 3. The orange and blue lines show the heat transfer reduction
indices and the biofilm thickness measurements, respectively,
caused by biofilm growth on the heated target.

Figure 4. Visual representation of microbial
growth on the heated target.

Scenario % Coverage ngﬁt:.:f, Sessile, CFU/em?
Before | After | Before After Before After
48 hours contact time 13.3 - 3.2E+03 - 3.2E+04 -
Biocide — 100 ppm 52.6 17.6 | 4.5E+06 | 1.2E+05 | 2.7E+05 | 5.7E+03
Biopenetrant — 25 ppm 56.3 20.2 | 45E+06 | 2.2E+06 | 3.1E+04 | 1.8E+05

Figure 5. Biofilm coverage on stainless steel specimens
under different scenarios. Pilot Study #2

After confirming that growing biofilm inside the PCT was feasible,
the focus of the validation work shifted to testing an automatic, per-
formance-driven treatment. The concept was to have an algorithm
initiate chemical dosing, at the early stages of biofilm growth, based
on the values of the key performance indicators reported by the in-
tegrated biofilm sensor, including either the heat transfer reduction
index or the biofilm thickness. The proposed treatment program,




including the proper interval between chemical doses for thor-
ough mixing and better synergy, emphasizes the combination of
biopenetrant and biocide. The use of biopenetrant changed the
attached biofilm structure, which eventually led to easier biofilm
removal (Seo and Bishop, 2007). The work by Simées et al. also
demonstrated that biofilm removal efficacy was improved using
a combination of biopenetrant and biocide (2005).

The PCT cooling system was inoculated with 106 CFU/mL
planktonic bacteria immediately after reaching the desired CoCs.
A 50 ppm dose of glucose was maintained by peristaltic pump to
stimulate microbial activity. When the biofilm growth reached the
heat transfer reduction threshold of 0.2 °C (0.36 °F), the system
automatically dosed 10 ppm of biopenetrant and 100 ppm active
hypochlorite, in sequence, at a pre-defined, 30-minute interval.
The heat transfer reduction indices, chemical feed indications
and ORP readings throughout the study are shown in Figure 6.
Note that 30 minutes after dosing, the free and total chlorine
residuals were measured at 1 and 4 ppm, respectively. Such a high
biocide demand was expected because of the amount of glucose
in the cooling system. The integrated sensor was able to initiate
three treatment events after self-diagnosis and thereby remove
biofilm before a loss in water flow disrupted the testing. After
the study, an additional algorithm was implemented to prevent
false treatment due to abnormal readings (compare e.g;, after 118
hours in Figure 6.) within short periods and unexpected loss of
water supply.
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Figure 6. Automatic biopenetrant and biocide treatment in response to biofilm growth.

Case Study: Chemical Processing Industry

The real-time biofilm monitor was implemented in a large chem-
ical production facility in the southern United States. The plant
has two cooling towers that cool and recirculate process water
streams containing small amounts of ethylene glycol. The cool-
ing system previously experienced intermittent shutdowns due
to organic/biofilm accumulation on the high efficiency fill film,
which inevitably led to a tower collapse.

The biofilm monitoring system was installed on a side stream
and operated with a flowrate of 15 LPM (3.96 GPM). With the

change of season, the bulk water temperature varied between 18

and 32 °C
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Figure 7. Heat transfer reduction index and
thickness measurements at the CP1I site.

(64 and 90 °F). The installed biofilm monitor was able to de-
tect microbial activity in response to the increased temperature
and the process leaks that occurred between May 10th, 2017
and May 15th, 2017. Heat transfer reduction and biofilm thick-
ness measurements are shown in Figure 7. The biofilm thick-
ness reached 80 um on May 15. Since then, bromide activated
chloramine treatments were introduced periodically to inactivate
the viable biofilm. The treatment was effective and reduced the
entire biofilm thickness to 40 um. Mechanical cleaning with in-
creased flowrate at 30 LPM (7.93 GPM) was employed on June
4. Results indicate that most of the deposition has since been re-
moved and the readings have returned to baseline. The transition
from continuous feed of oxidizing chemical to performance-
based BAC feed not only reduced the overall chemical expense,
but also significantly reduced the corrosion potential.

Case Study: Biorefining Industry

An ethanol production plant that has been operating since the
1990s has experienced excessive fouling on cooling tower fill,
which impeded evaporation and reduced cooling capacity of
individual heat exchangers, condensers, and centrifugal chillers.
The current oxidizing biocide treatment was known to be ag-
gressive and inevitably contributed to unacceptable corrosion
rates.

Performance improvements were desired; therefore, a new mi-
crobiological control program was implemented together with
the installation of the real-time biofilm sensor. To model the
critical heat exchanger at fermentation cooler, we utilize the
combination of hardware (sensors, flow regulators, heating el-
ements) and customized algorithms in OnGuard 3B to repli-
cate its operating conditions. The flow regulation and heating
element help to simulate the flow condition (Reynold’s number)
and heating stress (BTU output). A side-stream of actual cooling
water runs through the unit under the same operating character-
istics (shown in Figure 8).

The graphical results, shown in Figure 9, reveal the biofilm
growth was limited to less than 10 um after switching from the
previous biocide program to a bromide activated chloramine
program. The biofilm sensor ensured that BAC was fully con-
trolling biofilm growth in real time and allowed scale and corro-
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sion inhibitor feeds to be optimized and met desired key perfor-
mance indicators.
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Figure 8. The biofilm monitoring device was installed together with other
online analyzers at a side stream near the cooling system.

Figure 9. Heat transfer reduction index and thickness

measurements at biorefining site.
Visual observation of traditional corrosion coupons collected
before and after switching the biocide program show great im-
provement (Figure 10). Both the microbiologically induced cor-
rosion and pitting were limited, and the carbon steel corrosion
rates decreased from 5.6 MPY (91-day sample) to 0.2 MPY (102-
day sample).

Pt P Baforn Cware

Figure 10. Carbon steel coupons collected before (top) and
after switching biocide program (bottom) at biorefining site.

Conclusions

A real-time biofilm sensor that complements microbiological
control programs has been developed for industrial water ap-
plications. With the combination of heat transfer reduction and
biofilm thickness measurements, the analyzer is capable of iden-
tifying biofilm growth in its earliest stages. The pulse-echo ultra-
sound method provides a unique approach to directly measure
scale, organic deposition, and biofilm thicknesses with a resolu-
tion down to the micrometer scale while the heat transfer reduc-
tion sensor clearly indicates the occurrence of fouling. Pilot tests
confirmed the integrated sensor is capable of monitoring and
treating biofilm growth using self-diagnosis function. The use
of microscopic image analysis verified the biofilm coverage and
the associated biofilm disruption after treatments. Finally, field
trials demonstrated that the integrated sensor is reliable for bio-
film monitoring and is responsive to microbial treatments under
various industrial configurations. Additionally, the application
of intermittent bromide activated chloramine was very effec-
tive against biofilm growth. In summary, the integrated biofilm
sensor was proven to promptly identify and to mitigate biofilm
problems.
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Cooling Technology Institute Licensed Testing Agencies

For nearly thirty years, the Cooling Technology Institute has provided
a truly independent, third party, thermal performance testing service
to the cooling tower industry. In 1995, the CTI also began providing
an independent, third party, drift performance testing service as well.
Both these services are administered through the CTI Multi-Agency
Tower Performance Test Program and provide comparisons of the
actual operating performance of a specific tower installation to the
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

Licensed CTI Thermal Testing Agencies

Clean Air Engineering
7936 Conner Rd, Powell, TN 37849
865.938.7555
Fax 865.938.7569
www.cleanair.com / khennon@cleanair.com
Contact: Kenneth (Ken) Hennon

Cooling Tower Technologies Pte Ltd
17 Mandai Estate #06-02, Hwa Yew Industrial Building
SINGAPORE S729934
+65.98251247
johnny@coolingtwrtech.com
Contact: Johnny Ong

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: Kullin Elliot

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: Gabriel Ramos
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all models of a specific manufacturer's line of cooling towers perform
in accordance with their published thermal ratings.

To be licensed as a CTI Cooling Tower Performance Test Agency,
the agency must pass a rigorous screening process and demonstrate
a high level of technical expertise. Additionally, it must have a suf-
ficient number of test instruments, all meeting rigid requirements for
accuracy and calibration.

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 Drift Testing Agencies

Clean Air Engineering
7936 Conner Rd, Powell, TN 37849
865.938.7555
Fax 865.938.7569
www.cleanair.com / khennon@cleanair.com
Contact: Kenneth (Ken) Hennon

McHale Performance.

4700 Coster Rd, Knoxville, TN 37912
865.588.2654 / (F) 865.934.4779
www.mchaleperformance.com
ctitesting@mchaleperformance.com
Contact: Gabriel Ramos
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Cooling Technology Institute Sound Testing

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 best 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

Clean Air Engineering Cooling Tower Test Associates, Inc. McHale Performance
7936 Conner Rd 15325 Melrose Dr, Stanley, KS 66221 4700 Coster Rd
Powell, TN 37849 913.681.0027 / (F) 913.681.0039 Knoxville, TN 37912

865.588.2654
Fax 865.934.4779
www.mchaleperformance.com
ctitesting@mchaleperformance.com
Contact: Gabriel Ramos

www.cttai.com / cttakc@aol.com
Contact: Kullin Elliot

800.208.6162 or 865.938.7555
Fax 865.938.7569
www.cleanair.com

khennon@cleanair.com
Contact: Kenneth (Ken) Hennon

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 claimed 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 in the 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

Licensed CTI Thermal Certification Agencies

Telephone / Fax

865.938.7555
(F) 865.938.7569

Contact Person / Website / Email

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

Kullin Elliot
www.cttai.com
cttakc(@aol.com

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

913.681.0027
(F) 913.681.0039

Johnny Ong +65.98251247

17 Mandai Estate #06-02B,
Hwa Yew Industrial Building
S729934 Singapore

DMT GmbH & Co. KG
Am Technologiepark 1
45307 Essen, Germany

McHale Performance
4700 Coster Rd
Knoxville, TN 37912
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coolingtwrtech@bigpond.com
johnny@coolingtwrtech.com

Dr. Ing. Meinolf Gringel
meinolf.gringel@dmt-group.com

Gabriel Ramos
www.mchaleperformance.com
ctitesting@mchaleperformance.com

+49.201.172.1164

865.588.2654
(F) 865.934.4779
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CTI Toolkit Version 3.2

...now Windows 10 compatible

Key Features of CTl Toolkit Version 3.2:

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

o 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.

e 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 CTl Members ($40 for Non-Members)

To Order, Call (281) 583-4087 or visit CTl’'s Website www.cti.org
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“The Performance Curve method is widely recognized as a more
Order Tﬂdﬂy accurate method of determining tower capability from measured
Ca" 231 -583 -4087 test data. The new CTI ToolKit Tab Application provides a quick
and easy method for anyone to evaluate a performance test 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 $450 95/98, 2000, XP, and
CTI ToolKit Version 3.2 (Upgrade from V1.0 and V2.0) Windows 10
CTI Member 5 95
Non-member $120
CTI ToolKit Version 3.2 (Upgrade from V3.0)
CTl Member $ 25
Non-member 5 40

Shipping for Flash Drive (from Texas):
Priority mail $6; 2 Day Air $18; Overnight Domestic $28; / International (DHL) TBA

Phone: 281.583.4087
Fax: 281.637.1721

Multi-user site licenses and educational institution pricing available on request Web: http:/iwww.cti.org
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Cooling Towers
Certified by CTI

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 evaporative 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 C'{I Certified model, the Owner/Operator has assurance that the tower
will perform as specified .

* performance as specified when the circulating water temperature
is within acceptable limits and the air supply is ample and unob-
structed. CTI Certification under STD-201 is limited to thermal oper-
ating conditions with entering wet bulb temperatures between 10°C
and 32.2°C (50%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
coofing approach of 2.8°C (5°F) or greater. The manufacturer may
set more restrictive limits if desired or publish less restrictive imits 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 79 cooling tower manufacturers are currently
active in the program. In addition, 17 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 176 certified product lines plus 26 product lines marketed as private brands which result
in approximately 50,000 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:

https://www.coolingtechnology.org/certified-towers

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.

£ CTI Journal, Vol. 42, No. 1




Thermal Certification Program Participation

Through 12/31/2020

MESNNNNEN

D S P T S P ) R A A A A

= - - omilem o m 9 cmgmllg g 1
e B NI
1

67

@CTI Journal, Vol. 42, No. 1
(-]



Current Program Participants

(as of December 31, 2020)

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:

https://www.coolingtechnology.org /certified-towers

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
NTM Line Validation No. C318-19R00

Aggreko Cooling Tower Services
AG Line Validation No. C34A-08R02

Amcot Cooling Tower Corp.
AST Validation No. C106A-19R00
Series R-LC validation No. C11E-11R03

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. C284-05R05

Approach Engineering Co., Ltd
NSA Line Validation No. CTEB-20R00

Axima (China) Energy Technology Co., Ltd.

EWX Line Validation No. C724-15R03

Baltimore Aircoil Company, Inc.
FXT Line validation No. C11A-92R02
FXV Line validation No. C11J-98R10
MXF Line validation No. C11Q-18R01
PF Series Validation No. C11P-12R02
PT2, PTE & PCT Series validation No. C11L-07R05
Series V Closed vaidation No. C11K-00R02
Series V Open validation No. C115-82R06
Series 51500 validation No. C11H-84R09

Series 3000A,C,D,E, Compass & Smart
Validation No. CT1F-92R18

Bell Cooling Tower Pvt, Ltd
BCTI Line Validation No. C434-12R02

Brapu (China) Cooling Equipment Co., Ltd
BPC-DE/CH Series Validation No. C1104-20R00
BPO-DE/CH Series Validation No. C1108-20R00

C

Cenk Endiistri Tesisleri Imalat Ve Taahiit A.S.
LEON Line Validation No. C89A-17R02
LISA Line validation No, C898-17R01
ISTANBUL Line validation No. C89C-19R00
ODIN Line validation No. C89D-20R01

Chengdu Xingli Refrigeration Equipment Co.,
Ltd

HBEL-HS Series Validation No. C115A-19R00

Chongqing Yinengfu Technology Co., Ltd
YNF Series Validation No. C1034-18R00

Composite Cooling Solutions Inc.
PhoenixPL Validation No. C798-20R00

Cool Water Technologies
RTAI Line Validation No. C524-13R03
RTi Line validation No. C524-13R02

Dalian Spindle Environmental Facilities Co., Ltd
DC Series Validation No. C112A-18R00
DF Series validation No. C112B-19R01
DX Series Validation No. C112C-18R01

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

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

Delta (India) Cooling Tower Pvt, Ltd
DFC-80UX Line validation No. C854-18R00

Dezhou Beitai Refrigeration Equipment Co. Ltd.
DBHZ; validation No. C104A-19R00

Dongguan Kuken Cooling Tower Co.,Ltd.
GXC Series Validation No. C81B-16R01
GXE Series validation No. CB1A-16R0

Dongguan Ryoden Cooling Equipment Co., Ltd
RT-L&U Series validation No. C71A-15R03
RTM-L Series validation No. C71B-15R00




Dunham-Bush (China) Co., Ltd
BHC Series validation No. C107A-19R00

Elendoo Technology (Beijing) Co., Ltd.
EL Line validation No. C50C-15R04
ELOP Line valigation No. CS0B-14R04

Ebara Refrigeration Equipment & Systems Co.
CDW Line validation No. C53A-13R04
CNW Line validation No, C53C-18R00
CXW Line Validation No. C538-14R02

Evapco, Inc.
AT Series Validation No. C134-89R22
ATWE Series Validation No. C13F-09R10
AXS Line Validation No. C13K-15R03
ESWA, ESWB, & ESW4 Series Validation No. C13E-06R12
L Series Closed Validation No. C13G-08R04
L Series Open Validation No. C13C-05R03

F

Flow Tech Air Pvt Ltd
FTA Series Vaiidation No. C69A-16R02

G

Genius Cooling Tower Sdn Bhd
MK Series Validation No. CE7C-18R01
MT Series validation No. C6TA-16R01
MX Series Validation No. CETB-16R00

Guangdong EnZen Energy Saving Technology
Co., Ltd

¥ ZC Series Validation No. C109A-19R00

Guangdong Feiyang Industry Co., Ltd
RT-L&U Series Validation No.GT1A-15R03

Guangdong Green Cooling Equipment Co., Ltd
GLR-E Series Validation No.C978-18R01

Guangdong Zhaorin Industrial Co., Ltd
SRN Series Validation No.C854-17R01

Guangdong Liangken Cooling and Heating Equip-
ment Technology Co., Ltd

LRT Series Validation No.CE6A-15R02

LYH Series Validation No.CE68-20R00

Guangzhou Goaland Energy Conservation Tech

Co., Lid.
GLH Series Validation No. CS64-17R01

Guangzhou Laxun Technology Exploit Co., Ltd.
LC Line Validation No. C45F-16R01
LMB Line Validation No. 12-45-02
PG Line Validation No. C45G-17R00
PL Line validation No. C45E-16R03

Guangzhou Single Beam All Steel Cooling Tower
Equipment Co., Ltd.
SLH Line validation No.C91E-16R02

Hanf Cooling Equipment Co., Ltd
GTC Series Validation No. C1018-19R01
GTN Series Validation No. C101A-18R01
GTS Series Validation No. C101C-20R00

Hon Ming (Guang Dong) Air Conditioning Equip-
ment Company, Ltd.

HM Series validation No. C668-20R00

MK Series Validation No. C66A-15R02

Hunan Yuanheng Technology Company, Ltd.
YCH-F Line validation No. C40C-16R02
YCN-F Line validation No. C400-18R00
YHD Line Validation No. C408-15R00
YHW Line Validation No. C40E-18R00

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

iIMAS KLIMA SOGUTMA MAKINA SANAYI TICARET ve
MUMESSILLIK A.S.

TA Line validation No, C1148-20R00

TAK Line validation No. C114A-20R00

J

Jacir
DTC validation No. C46E-18R01
VAP Line Validation Mo. C46C-16R02

Jiangsu Greenland Heat Transfer Technology Co.
GBH-TS Line validation No. C87A-18R01

Jiangsu i-Tower Cooling Technology Co., Ltd.
REH Series validation No. C758-16R01
TMH Series validation No. C75A-16R02

Jiangsu Ocean Cooling Equipment Co., Ltd.
TKS Series Validation No. C410-18R00

Jiangxi Ark Fluid Science Technology Co., Ltd.
FBFJ Line validation No. C83B-18R00
FBNJ Line validation No. C78B-20R00
FKH Line validation No. C83A-17R01

Ji'Nan Chin-Tech Thermal Technology Co., Lid.
CCOX Line validation No. C91F-20R00
CTHX Line validation No. C91E-16R02

K

Kelvion B.V.
Polacel CF Series validation No. C254-04R02

KIMCO (Kyung In Machinery Company, Ltd.)
CKL Line validation No. C18B-05R04

KIMCO (Kyung In Machinery Company, Ltd.)
Endura Cool Line Validation No. C184-93R09
GX Line validation No. C18D-18R01




King Sun Industry Company, Ltd.
HKD Line Validation No. C358-09R06
KC Line Validation No. C35C-11R02
KFT Line validation No. G350-16R01

Korytko Systems, Ltd.
KDI Line validation No. C70A-16R02

KSN Co., Ltd
KSMNC Series Validation No. C44A-12R03
KSNX Series Validation No. C448-12R01
KSNC-C Series Validation No, C44C-14R01
KSNX-C Series validation No. C440-14R01

L

Liang Chi Industry Company, Ltd.
LCTD Line validation Ne. C20J-18800
LCTR Line validation No. C20H-17R00
Series C-LC validation Ne. C208-09802
Series D-LC validation No. C20F-14R02
Series R-LC Validation No. C20E-11R03
Series U-LC validation No. C200-10R04
Series V-LC validation No. C20C-10801
TLC Line validation No. C20G-16R00
V-LN Line Validation No. C20K-20R00

Marley (SPX Cooling Technologies)
Aquatower Series Validation No. 01-14-05
AV Series Validation No. C14D-98R03
DTW Series Validation No. C14N-16R02
LW Series Validation No. C14P-16R01
MCW Series Validation No. 06-14-08
MD and CP Series Validation No. C14L-08R10
MH Series Validation No. C14G-04R11
NC Series validation No. C14A-92R21
NX 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. C26.J-16R01
MHD Series Validation No. C26K-20R00
MXC Series Validation No. C26H-12R01
MXR-KM, MXL, MXH Series validation No.C26C-08R09

MITAS.r.l
PM Series Validation No. C56B-16R02

NIBA Su Sogutma Kulerleri San, ve Tic, A.S.
HMP-NB Line Validation No. C554-14R02

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

o

Ocean Cooling Tower Sdn Bhd
QCBSD validation No. C858-19R00
Y C Series Validation No. C86A-17R00

OTT Company, Ltd.
QOTTC Series Validation No. C44A-12R03
QTTX Series Validation No. C448-12R01
QOTTC-C Series Validation No. C44C-14R01
QTTX-C Series Validation No. C44D-14R01

P

Paharpur Cooling Tower, Ltd.
CF3 Series validation No. C51A-13R03
OXF-30K Series Validation No. C518-14R00
Series RXF validation No. C51C-19R00

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

Q

Qinyang Zhonghe Zhi Da Technology Co., Ltd.
HLO Series validation No. C998-20R00
HL-SC Series Validation No. C984-18R00

Reymsa Cooling Towers, Inc.

(Fabrica Mexicana de Torres, SA de CV)
HFC Line validation No. C22F-10R06
RT & RTM Series validation No. C22G-13R08

Rosemex, Inc.
RC (RCS/D) Series Validation No. C54A-13R04
RO (ROS/D) Series validation No. C944-14R03

RSD Cooling Towers
RSS Series Validation No. C32A-08R0H

Ryowo (Holding) Company, Ltd.
FDC Series Validation No. C27E-11R00
FRS Series Validation No. 05-27-03
FVS Series validation No. 12-27-06
FWS and FCS Series Validation No. C27A-04R06
FXS Series validation No. C278-20R00

S

Shangdong Grad Group Co., Ltd.
GAT Series Validation No. CB8A-17R00

Shanghai ACE Cooling Refrigeration Technology
Col, Ltd.
AC Line validation No. C80A-17R01

Shanghai Baofeng Machinery Manufacturing Co.,
Ltd.
BTC Line Validation No. C49A-12R01

Shanghai Liang Chi Cooling Equipment Co., Ltd.
LCP Line Vafidation No. C620-18R00
LNCM Line Validation No. C62B-16R00
LRS Line Validation No. C62C-16R00
LRCM-DD Line Validation No. CE2E-19R00

Shanghai Tyacht Cooling System Co.,Ltd.
TMC Line Validation No. CH3C-18R00




Shanghai Wanxiang Cooling Equipment Co., Ltd.

FBH/HL Line validation No. C54A-13R04

FKH/FKHL Series Validation No. C944-14R03
Shanghai Zendia Cooling Equipment Co., Ltd.

ZHF-7000 Series Validation No. C111A-19R00

Sinro Air-Conditioning (Fogang) Company, Ltd.

CEF Line Validation No. C37D-20R00
CEF-A Line Vaiidation No. C378-11R03
SC-B Series Vvalidation No. C37C-11R02
SC-H Series Validation No, C37A-10R03

Sung Ji Air-Conditioning Technology Co., Ltd.
SJCO Series validation No. CT48-16R01
SJMO Series vaiidation No. C74A-16R00

T

Ta Shin F.R.P. Company, Ltd.
TSS Series validation No. C324-08R01

The Cooling Tower Company, L.C
TCIA Series Validation No. C28C-19R01

Thermal-Cell sdn bhd
THW Line validation No. C40E-18R00

Thermax Cooling Solutions Limited
Enerflow (CM) Line Validation No. C117A-20R00

Tower Tech, a div. of CPK Manufacturing, LLC
TTXL Line Validation No. C17F-08R05
TTXR Line Validation No. C17F-15R00

Truwater Cooling Towers Sdn Bhd
EC-S Series validation No. C41A-12R04
EX-5 and VX-5 Series Validation No.C418-12R07
TKS Series Validation No.C410-18R00

W

Wouxi Ark Fluid Science Technology Co., Ltd.
FBF Series Vvalidation C838-18R00
FBN Series Validation C788-20R00

Wuxi Fangzhou Water Cooling Equipment Co.,
Ltd.

FFB Line Validation C64D-20R00
Wuxi Zhishui Environmental Co., Ltd.

ZSBN Series Validation C1134-20R00

Y

YM Tech Co., Ltd.
Csta Line validation No. C1080-20R00
Xsta Line validation No. C1088-18R07
Y¥FO Line Validation No. C1084-18R00
YFOL Line Validation No. C108C-20R00

York (By Johnson Controls)
AT Series Validation No. C134-99R22
LSTE Line Validation No. C13G-09R03

Z

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

Zhejiang Haicold Cooling Technology Co., Ltd
SFN Line validatien Ne. C768-20R00

Zhejiang Jinling Refrigeration Engineering
Co.,Ltd.

JFT Series validation No. C28C-16R02

JNC Series validation No. C28B-09R07

JNT Series validation No. C284-05R05

Zhejiang Ryoden Cooling Equipment Co., Ltd.
RT/SB Series Validation No. C1024-18R00

Zhejiang Shangfeng Cooling Tower Co., Ltd.
SFB Line validation No. CT3A-15R01
SFCFG Line validation No. C738-20R00

Zhejiang Wanxiang Science and Technology

Company, Ltd.
WEBH Line validation No. C964-17R01

Always Look For the CTI Certified Label with Validation Number on Your Equipment

CERWIEIER

MANUFACTURER'S PUBLISHED THERMAL
PERFORMANCE 1S CERTIFIED BY THE
COOLING TECHNOLOGY INSTITUTE UNDER
THE PROVISIONS OF STD-201

Cerification Validation Number

@CTI Journal, Vol. 42, No. 1

7



Index to Advertisers

Aggreko Cooling Tower Services .. 36-37
Amarillo Gear Company..........cccueuueee IBC
Amarillo Gear Service..........ccccueeeriuenaes 3
Arvind ... 7
Bailsco Blades & Castings, Inc............. 2
Brentwood Industries...........ccccccvineenn. 41
ChemTreat, InC....ccoeecvemeeeriiicceeeeeceas 35
Composite Cooling Solutions............ IFC
Cooling Tower Resources ...........cccceeeen 4
CTI License Testing Agencies............. 62

CTI Sound Testing/Thermal Performance....63

CTI ToolKit........coeoererieererraeseesaeeaens 64-65
CTI Certified Towers.........ccocevvuernnes 66-71
DeNsSO0.......ccererrie e 47
Experience - POWer ..........cccccceereiccinneens 31
[FETUIR corroorerrroererorrerrooerreorereerrerroorerr oo 1
Fuel Ethanol Workshop ............ccveueeen. 21
Harmony Integrated............cccoceeviiiueennnee 6
T o T o . 5
Moore Fans ........ccccocvmvimeninnnennsnncssaneens 53
Precision Cooling Towers.................... 43
Rexnord Industries.........cccecceviirreennnene 27
Seagull Cooling Towers.........cc.ccceveuees 17
C.E. Shepherd Company, LP................ 23
SPX Cooling Technologies.............. OBC
Tower Performance, Inc................. 49, 72
Turbo Machinery.........ccccociiieeniiaeennns 61

7

\
Tower Performance, Inc.
Cooling Tower Specialists
Since 1964, Tower Performance, Inc., has been providing full service to
the utility, cogeneration, chemical, petrochemical, and related industries

by constructing new cooling towers and upgrading and repairing all
makes and models of existing cooling towers.

New Cooling Towers: o
* Counterflow * Crossflow .
* Wood ¢ FRP

Professional Services Include:
* Cooling Tower Evaluations
* Bid Preparations * Wood Analysis
* Thermal Engineering
Field Services Include:
* Repair & Overhaul
¢ Scheduled Maintenance
* Inspection & Evaluations
* Emergency Service
Nationwide Service
New Jersey Office: Arkansas Office: Pennsylvania Office:
Toll Free: (800) 631-1196 Ph: (504) 236-3629 Ph: (215) T78-6027
MJ: (973) 966-1116 Fax: (870) 862-2810 Fao:: (215) 938-8800
MY: (212) 355-0746 E-Mail ctowers@ipila.com smormis@towerperiormance.com
Fax: (973) 966-5122
E-Mail: stefanguetzovi@towerperformance. com
Parts Sales: Texas Office: |
Toll Free: (800) 314-1695 AL, Toll Free: (800) 324-0691
Ph: (970) 593-8637 Ph: (713) 643-0691
_ _F_ax: (970) 472-1304 A= Fa_x (113) 643-0_310
\_ E—_Mml.:fmz@lmrperhmance.mm E-Mail: mwem@q:mt.o_m )
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Always known for the most reliable
cooling tower right-angle gearboxes.

Wﬂlﬂﬂmﬂ Amarillo Gen |1

& nex| jmgffzfm o here!

www.amarillogear.com (806) 622-1273

info@amarillogear.com
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MARLEY 7

Use Our Tools to Extend
Your Cooling Tower’s Life

Tower Inspections with Report:

Using our proprietary Marleylnspections™
app, our inspector carefully documents

tower conditions and generates a
comprehensive written report in 24
hours,

Modular Tower Build Solutions:

We have the engineering know-how
and construction muscle to speed
design and accelerate erection to
meet your outage schedule.

Components Inventory:

Our extensive Parts and Service
facilities have the essential cooling
tower components you need.
Gearbox repairs? We've got you
covered!

Rapid Recon Resources:

Our experienced crews have
exemplary safety records and can
quickly mobilize to support your
emergent needs and ongoing
projects.

For the Long Haul:

Count on our extensive Engineering,
Manufacturing and Construction
resources to assess, protect and
extend the operational condition of
your cooling tower.

In ordinary or extraordinary times, you can count on #SPXMarley.

24/7 Response: 800-4Marley; after hours emergency: 913-707-4631

B00.4.Marley | spxcooling.com

www.spxcooling.com/process-cooling

spxcooling.com/connect

SPX7




