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Evaluate Your Cooling Tower

By
Richard J. DesJardins
Cooling Tower Consultant

It is the purpose of this paper to show a few simple
methods to determine the best way to arrive at the most
economical cooling tower selection for a project.

Low first cost may not be the best method for selecting
a cooling tower. Power consumption for pumps and
fans, the cost of the basin, piping and electrical equip-
ment, and the choice of tower layout should often be
the deciding factors. Optimization of tower design con-
ditions related to other equipment such as heat exchangers and
condensers is discussed.

This paper evaluates options of present worth value, annual cost
and capitalized costs of revenue streams, projected life span, return
on investment, depreciation, taxes, general administrative expenses,
insurance requirements and the cost of power, and it provides com-
ments on the proper choice of decision making formulas.

It is well known that only a few specific items are needed to select
a cooling tower, such as the water flow rate, the hot water tempera-
ture, the cold water temperature, and the wet bulb temperature.
Generally, when we are called for a selection, the engineers and
purchasing agents contacting us are sophisticated enough to know
these basic requirements.

One can only hope they have considered what one degree colder
water would do to the overall plant capability and profitability.
Also, it is not always the most economical to choose the highest
recorded wet bulb temperature. It is usually desirable to investi-
gate the optimum balance between the cost of the cooling tower
and the heat exchangers or other equipment it is cooling. The
concept of alternate design temperatures is presented here just to
provoke thought on the possibilities and the effect they may have
on the overall plant economics. Although these are important con-
cepts they will not be detailed in this paper.

In reality we often really need more than just the temperatures and
flow rate. We need to know what power is worth, and this becomes
a major stumbling block since the engineer and purchasing agent
probably have not discussed it with management or even men-
tioned to management that power will be consumed as well as gen-
erated or it is needed to make a product. The reactions we get are
from denial to “what you are talking about? Why do you need to
know that?” We need to know it because it may make a big differ-
ence on the price or the plot space required.

There is a natural tendency to take bids and pick the low price.
That may or may not be the best approach for your project. There
may be a very significant long term savings for the project if the
economics of operation and cost of capital are investigated.

Why evaluate?

First, the need for the analysis and the effect that it can have should
be demonstrated. Many of the projects proposed for cogenera-
tion, ethanol or other chemical plants and refineries just happen to
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fall in a size where many different types of cooling tow-
ers are available. These can range from crossflow to
counterflow, from packaged factory assembled towers
to the small or large field erected towers. A great variety
of products are available for your consideration: almost
too many. Larger power plants can be air cooled, either
by direct or indirect steam condensation, or water cooled
with mechanical or natural draft cooling towers, and to
a lesser extent, rivers and the oceans. Refineries, high
rise air conditioning and other projects usually use cool-
ing towers.

Evaluating a power project, as compared to evaluating
achemical or refinery project, often requires a major adjustment in
conceptualizing for both project engineers and managers. For a
high rise office building the cost of energy is necessary to retain
the tenants. In a refinery electrical consumption is often consid-
ered a cost of producing the product. In the power industry elec-
tricity is the product. 1t may be a surprise that cost of operating the
central plant in a high rise building complex can be one-third of the
total cost of operation of the entire building. Current politics re-
garding “greenhouse gasses” has stirred considerable pressure to
reduce our energy requirements. More than ever it is necessary to
look at all of the equipment in the plant or building cooling loop to
try to make improvements.

Power consumed in operating a power plant is obviously non-
productive. You can either use it, or you can sell it. For some
cogeneration projects the power consumed is purchased from the
local utility and the power generated is sold to your client. The two
can be at different rates. There are significant variations on the
method of establish-ing a power contract, and it is not the intent of
this paper to evaluate the various contracts. We are more con-
cerned with the effect on selection of equipment and plant layout
and how they might affect the project.

What is energy worth?

Energy rates can be found on the internet. Energy Information
Administration (E1A) posts rates for residential, commercial, indus-
trial and transportation categories monthly for every state. April
2007 kilowatt-hour rates (cents per kW-hr) for a few locations are
tabulated below:

State Commercial | Industrial All Sectors
Connecticut 15.75 13.02 16.58
Hawaii 19.91 16.36 19.26
Missouri 557 4.29 5.78
Idaho 4.82 3.32 5.15
U. S. average 9.28 6.16 8.77

In addition to the $/KW charges there can be demand charges to
offset the peak power requirements the plant may need for hot days
or other conditions.

However, we are not talking pennies. Here are examples of power
consumption over time using the U. S. average cost of industrial
power (unadjusted for inflation-8,000 hours per year).
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“Power [ 10years | 20years | 30ycars |
. | Consumed (KW) | | - |
10 fans for a geothermal power 1,500 $7.392,00  $14,784,000 | $22,176,000
plant cooling tower (150 KW
|pesfan) ! | ! | |
Pump cost for 1 ft (0.3 m) of 1.2 $55,200 5110400 | 5165600

pump head for a 50,000 gpm
(11,500 m3/hr) cooling tower
(total tower pump head 24 ft —
L3 m)ycra.2%

Do you select a big tower or a little tower?

The cooling tower doesn’t set the heat load. The plant sets the heat
load, and in order to do the cooling duty you can be provided with
a big tower that does not use much power or a little tower that uses
a lot of power. The tower can be tall with little plot space or short
with a lot of plot space with resulting variations in pumping costs.
The fans can be efficient or cheap. The variations can be dramatic.
However, they can all be designed to do the same required cool-
ing duty. So, which one should be selected?

Selecting the evaluation tools

Itis not believed necessary to be sophisticated, at least in the early
stages of the project. You need to establish the cost of power
consumption which may well be the same as the selling price for
your locality or the value in your power contract. Next, it is neces-
sary to consider the cost of capital, which can be considered your
overall corporate cost of capital, the cost of borrowing money for
this project, the inflation rate plus a percent or so, or the marginal
return that you could get on your money if you did not invest it in
the project at all. Third you need to establish the duration of the
analysis. It is also necessary to consider variations on how the
equipment will be used.

There are several methods of analysis which can be used. The
method used (present worth, annual cost, or capitalized cost, dis-
counted cash flow rates of return, payout period, or present worth
combined with a capital recover, etc.) does not make much differ-
ence in the final analysis. Annual cost and capital cost methods
make use of levelizing techniques, which employ present worth
analysis either directly or indirectly. Management sometimes pre-
fers the annual cost method because they can relate it to flow of
funds,

As will be demonstrated later it is necessary to adjust the initial
cost of capital to include a return on the investment you are making
and to account for annual fixed expenses. The adjustments need to
be brought to “present worth” values and compared to the energy
consumption to get a true comparison of one alternative to another.
The method used for analysis probably has more to do with the
personality of management than the actual method used. What is
important is to get the understanding that some consideration must
be made for the perpetual conflict between capital cost and power
consumption. Once the necessary information is obtained the easi-
est methods to use to evaluate equipment is a combination of “capi-
tal recovery factor” and “present worth”. This paper will explain
the process to obtain that information and reduce it to a few simple
factors that can be used to facilitate the analysis of which cooling
tower or tower component is best for your plant.

What is the evaluation period?

Are you going to operate the plant for a full 30 years, and you will
be the owner? Have you signed a power agreement for 30 years but
you’re really an investor looking to make a quick buck and take
advantage of the current tax laws. Maybe you really plan to unload
the plant to somebody else in about 5 years so they can write it up
again and start the depreciation all over. Are you a tax paying
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entity or are you part of a public institution that has no tax advan-
tages? How many hours a year do you expect the project to operate
considering downtime for maintenance? That new high rise build-
ing in downtown is supposed to last well over 100 years (I saw one
in great shape in Brussels Belgium with a corner stone dated 1492),
so how long are you going to design yours for? Casinos in Las
Vegas are never designed for over 15 years — they tear them down
and build something bigger.

Historically power projects are evaluated over a period of 25 to 30
years with the normal being 20-25-30 years of operation. Petroleum
and refinery projects are generally evaluated on a 7 or 8 year period
with typical economic evaluations being made on 3 to 5 year payouts.
Why is this? | guess | wondered why for a long time, and | finally
determined in a conversation with one of my banker friends that the
banks would only loan monies to a chemical or refinery project for
7 or 8 years, and since it takes 3 or 4 years to build the plant they are
only allowed 3 to 5 years to pay it out. If you cannot pay it back in
the required payout period, the project is not viable. The banks will
not loan you the money. Recent research of projects on the internet
and talks with bankers revealed loan durations for power plants
and large buildings are about 30 years. Cogeneration, ethanol
plants, geothermal and general industry loans appear to be about
10 to 15 years, but there are few solid guidelines. Bankers are
looking at the power contract, life of equipment, projection of long
term demand for the product and the general business climate be-
fore making a decision on loan duration. They want to be sure they
get their money back.

Projects with long duration evaluations increase the magnitude of
the before and after tax affect of capital usage and the cost of power
consumption. Your management wants to get a return on their
investment, and that may be the deciding factor for evaluation.
More will be discussed about this later.

Present worth calculation

The present worth of a single or multiple future payments (known
as cash flows) is the nominal amounts of money to change hands
at some future date, discounted to account for the time value of
money, and other factors such as investment risk. A given amount
of money is always more valuable sooner than later since this
enables one to take advantage of investment opportunities.
Present values are therefore smaller than corresponding future
values. (Wikipedia)

Calculating the present worth of a stream of income or expenses is
simple.

PW = C [1-[1+(r/100)] "]/(r/100)

PW = Present worth of a stream of payments or expenses.
r = annual interest rate in percent
C = Capital expenditure.
n = number of years

The choice of interest rate (r) can vary depending on the consider-
ation forrisk. It could be the prime rate, loan rate, corporate weighted
average cost of capital, minimum return on capital, inflation rate
plus a premium, or other risk adjusted value.

For example the present worth factor for $1 for 20 years at 7%
interest is:

PW =1 [1-[1.07]%°] / (0.07) = 10.6

What is the cost of capital?

The first cost is not the only consideration. Many adjustments
may be necessary. A few considerations are listed below:
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Adjustments to Capital:

A Minimum Return on Capital is required if the project is to be
successful. Usually this is set as the overall cost of corporate
capital which might be from stock, bonds, or loans, and it is often a
combination of the weighted average of all three.

Income Tax on Return of Capital for the purpose of evaluation of
different investments is not the same as for the Internal Revenue
Service. The only concern is for the tax on the capital with respect
to the minimum acceptable rate of return. If you make more you will
pay more, but that should not be part of the decision making pro-
cess.

T=R/A-R (i+Mid-d’) C’

T = Tax rate in % of Capital

R= Income tax rate in decimal format (0.40 +/-)

i = minimum acceptable rate of return on investment (0.075)

id = depreciation/amortization reserve in % (decimal equivalent) on
sinking fund basis

d’=bank depreciation for IRS in % (say 3.3% straight line- decimal
equivalent)

C’=1-(B*bl/i)  [taxable capital]

B = Fraction of Capital related to bonds
b = interest on bond debt

Ad Valorem Taxes (Local or state property taxes) are generally
based on an assessed value set as a percentage of the initial plant
and equipment total capital cost (say $20 per $100 of total cost).
Then the assessed value is taxed at a rate per $100 of the “assessed
value”. The final result might be 1.5 to 2.5% of the initial total
capital cost.

General and Administrative expenses might be a small percentage
of the initial capital cost of a large power plant (maybe 1%) and a
larger percentage of a smaller plant where the costs of salaries
managers, legal services, advertising, etc. make up a larger percent-
age of the initial plant cost (maybe 2% or higher)

Insurance expenses are often 0.1% to 1% of the initial capital cost
of the plant.

Depreciation and Amortization (or capital recovery) is the loss
due to wear and tear, obsolescence, and other factors that cause
the ultimate retirement of the equipment. The “minimum acceptable
rate of return” is the return on investors’ capital, and “depreciation/
amortization” is the return of investors’ capital. This does not need
to be the same as the allowable tax rate of depreciation. Think of it
as a sinking fund where the amount of a periodic payment increases
to the value of the initial cost.

A=F[i/(1+i)™1]

A = periodic payment

F = accumulated money

i = interest rate (%/100)

Percentage depreciation = A/capital cost

Cost of Capital Example

% of Capital
Minimum Return on Capital 7.0
Income Tax on Return 25
Depreciation/Amortization Reserve 10
Ad Valorem Taxes 25
Administration General Expenses 10
Insurance 0.2
Total annual fixed charge 14.2%
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Years of evaluation 0
Required return on capital %
Annual fixed charge 14.7%

Present worth factor for $1 for 20 years at 7%
PW =1[1-[1.07]%]/(0.07) = 10.6
Present Worth of Capital = (0.142)(10.6) *C=1.50C

Each dollar of capital expenditure today should be considered as
$1.50 because it requires having $1.50 on hand today to pay off the
equal annual obligation of $0.142 fixed charges.

Therefore, the simple adjustment to the first cost of the product or
component is to increase the price by the Present Worth of Capital
factor.

What is the cost of energy?
National Average cents per KW-hr =8.77

Hours per year =8,000  (there are 8760 hours in a year, but there
may be downtime for maintenance or lack
of demand for the product)

Present worth Factor 20 years at 7% = 10.6

Present worth cost of power = 0.0877 * 8,000 * 10.6 = $7,437/kW
=7,437*0.746 = $5,548 / horsepower

If power consumption is tax deductible (estimate 40% total rate
State and Federal):
Power Cost =5,548 * 0.6 = $3,330/ HP

What components should be evaluated?

The cooling tower fans are not the only source of power consump-
tion. The pumping loop through the condenser interconnecting
piping and the tower distribution system is often the most critical
controlling factor. The fans may not run all the time, but at least
one pump probably does. Especially on large projects with flow
rates in excess of 30,000 GPM we find the pumping head controls
the basic configuration of tower used, such as crossflow versus
counterflow and film fill versus splash fill in many instances.

Part of the design process might include an investigation to see if it
pays to use a taller fan stack. If there are no evaluation factors the
only tool to use is an attempt to adjust the height to fully load a
motor, and that may not be the correct decision. If evaluation
factors are available the cost of the taller fan stack can be compared
to the savings in fan power for getting a greater velocity recovery
effect. The same can be true for investigating different fill heights,
types of fill and drift eliminators, air inlet heights, and various tower
configurations. For these reasons evaluation factors should be
provided with the request for proposals.

Modifications for variations in operating
modes, weather and heat loads

A review of the actual plant operation for an entire year might
indicate that the cooling tower fans will not run at full speed every-
day, all day. Winter heat loads for a building will be 30% of summer
load while the heat load for a refinery might be the same all year.
Cooling too much in the winter might causes problems for a steam
turbine. A geothermal plant may be able to use the coldest water it
can get all year around. It might pay to run a chiller with colder
water down to the point just prior to sucking oil in order to reduce
the compressor back pressure, but at that point it is necessary to
start shutting down fans, number of cells, number of pumps and
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run fewer chillers. Each project should be reviewed to determine
the possibility of variations for optimum usage. 33% or 50% pump-
ing capacity will reduce the evaluated pump power, and using %
speed or VFDs on the fans will reduce the evaluated fan power.

Another major consideration is the method of operation to be used.
I know of some installations that are operating only in the after-
noons on a hot summer day to keep the peaking load down and
through this method they have great penalty costs for exceeding
maximum allowable meter readings as allocated by the power com-
panies. Maybe this is starting a diesel engine, a gas turbine or
diverting steam from an operation, but in many cases it is a justifi-
able application.

For example fans running at half speed will use about 1/5 or 1/6 of
the full speed power for half the hours of a year and the cost of fan
power can be reduced accordingly. Using the overall power costs
calculated above the actual fan power costs for the year can be
further reduced:

[(4,000 * $3,330) + (4,000 * $3,330 * 1/5)] / 8,000 = $1,980 / HP
weighted average fan power cost.

Some condenser and heat exchanger pumps are always running,
even if the cooling tower fans are turned down for cold weather
operation, and the pumping cost must certainly be considered a
primary expense of operating the plant. There may be practical
limits on turn-down of pumps in cold weather because the cooling
tower nozzles may not provide adequate water distribution to pre-
vent freezing in the fill, fouling of the fill or excessive drift due to
mal-distribution of the air or water. Maybe only half of the cells or
pumps run in the winter.

Pumping power (English Units) at 85% pump efficiency can be
calculated as:

BHP/ft = 0.000297 * GPM (simplified 0.0003 * GPM)

BHP = brake horsepower

Ft = foot of pump head

GPM = flow rate in gallons per minute

Pumping Cost = 50,000 * 0.0003 * $3,330 = $49,950/ft pump head

Chances are that the pumps run all the time and fans run 50% of the
time. To simplify the presentation the example below uses this
assumption. Remember, the object is not trying to evaluate the
entire project: rather it is to make rational decisions regarding which
cooling tower design options are best.

I don’t know of any manufacturer who is really thrilled with the
possibility of doing the full optimization study for you until you
have gone through the preliminary steps. If you go far enough to
give them some basic tools to work with they will generally make
several selections to help you confirm your optimization. They just
don’t want to make a hundred selections when you are only going
to choose one. At the time of requesting bids you should give the
vendor guide lines: cost of fan power — cost per foot of pump head
— concrete basin cost — demand cost for electrical connections and
controls — cost of piping.

Although it is not the purpose of this paper to design the tower, the
purchaser should realize that sometimes all of the power evaluation
cannot be used. There are good practice design standards that
should be considered. Some examples are: 1) high fan power evalu-
ation leads to low fan discharge velocities with increased possibil-
ity of recirculation, 2) high pump head evaluation leads to low inlet
height with high inlet air velocities to the extent air by-passes por-
tions of the fill and the tower does not perform properly, 3) high fan
and pump power costs lead to large tower plot areas with light
water loadings that cause poor distribution with inadequate wet-
ting of all of the fill surfaces, winter freezing problems, and poor
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nozzle distribution when one pump is shut off. It is recommended
you review the design and your anticipated operating modes with
your cooling tower consultant.

Analyzing the Bids

After the bids are received the first task should be to make sure
each selection will perform as required. Equalize the bids for com-
pliance with the specification and then compare power consump-
tion. Premature evaluation is not advised because adjustments to
the design may be necessary to assure compliance with the tech-
nical specifications.

The selections shown in the table below are examples of the varia-
tions that can exist. All selections were made for the same thermal
duty of flow rate, hot water, cold water, and wet bulb temperatures.
The exact conditions are not important for the purpose of this pre-
sentation. The object is to show the relative magnitude of costs of
energy versus capital expenditure. If you budget too low on capital
cost initially funding may not be adequate when you go to buy the
equipment. If you budget too high it may kill the project before it
gets started.

Pump heads shown are for the tower only, and they do not include
piping losses or pressure drops of other equipment. For a more
detailed analysis you may want to add in the cost of various num-
bers and sizes of risers and other piping, the cost of VFDs for one
or more of the fans, 2-speed motors, wiring and control costs, etc.

Evaluation factors are also helpful in considering various tower
components. Please note that in the examples given above the fan
stack height varies. The energy cost can be used to decide if the
present worth savings in fan power due to better velocity recovery
from a tall fan stack saves enough to offset the extra cost of the
taller fan stack. Changes to motor and starter sizes can also be
included. The number of cells may change the piping costs.

The ratio of the savings in operating costs and the additional fixed
charges should be at least one to one if the client is to break even.
Some clients, though, for business reasons may not value the
present worth of future savings as much as current capital expendi-
tures. If the capital is not available to start the project it will never
get built. Maybe management will apply an additional 1.2 factor on
extra capital expenditures for this reason. Decisions like this can be
justified if there is a possibility the equipment could be modified in
the future. For example, maybe another cell could be added in the
future to reduce plant cold water temperatures for increased pro-
duction after the project has been proven profitable.

All of these economic studies will assist in making a selection re-
garding which type of product to purchase and what its power
evaluation should be. However, ultimately the final decision must
also include the reliability of the supplier, including reputation or
expectation that the product will meet its thermal performance re-
quirements and that the equipment will be suitable for the expected
maintenance life of the components of the tower and the life of the
tower itself. Itissuggested that you condition each vendor’s offer-
ing to assure that it will meet the design performance requirements
before you buy, and that the people evaluating the bids have the
expertise and database to tell the difference. After all of that, it is
recommended that you test the final product to assure that you
received what you asked for.

As you consider the concepts of this paper please keep in mind
that it can be used just as easily to justify modifications to existing
cooling towers as it can for evaluating new towers. Some Engineer/
Constructors have been advising that their clients have been modi-
fying their cooling towers in an effort to reduce energy consump-
tion in order to do what they can to reduce their contribution to
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Example A B C D
Tower Type Counter flow | Counter flow | Counter flow | Counter flow
No Cells 4 3 4 4
W=*L 42* 42 48 * 48 42 * 48 48 * 48
Fan Diameter 32 32.8 328 32.8
Stack Height 10 18 14 10
Fill height 5 6 6 5
Inlet height 1 13 12 13
Pump head 23 26 25 24
BHP/Fan 169 223 116 929
First Cost 883,000 923,000 1,020,000 1,010,000
First Cost * 1.5 1,324,500 1,384,500 1,530,000 1,515,000
Fan Power @ $1,980/HP 1,338,480 1,324,620 918,720 784,080
Pump Head @ $49,950/1t 1,148,850 1,298,700 1,248,750 1,198,800
Conc. Cost * 1.5 286,583 271,458 324,083 356,458
“Total Evaluated NPW 4,098,413 4,279.278 4,021,553 3,854,338

Evaluation factors are also helpful in considering various tower
components. Please note that in the examples given above the fan
stack height varies. The energy cost can be used to decide if the
present worth savings in fan power due to better velocity recovery
from a tall fan stack saves enough to offset the extra cost of the
taller fan stack. Changes to motor and starter sizes can also be
included. The number of cells may change the piping costs.

The ratio of the savings in operating costs and the additional fixed
charges should be at least one to one if the client is to break even.
Some clients, though, for business reasons may not value the
present worth of future savings as much as current capital expendi-
tures. If the capital is not available to start the project it will never
get built. Maybe management will apply an additional 1.2 factor on
extra capital expenditures for this reason. Decisions like this can be
justified if there is a possibility the equipment could be modified in
the future. For example, maybe another cell could be added in the
future to reduce plant cold water temperatures for increased pro-
duction after the project has been proven profitable.

All of these economic studies will assist in making a selection re-
garding which type of product to purchase and what its power
evaluation should be. However, ultimately the final decision must

also include the reliability of the supplier, including reputation or
expectation that the product will meet its thermal performance re-
quirements and that the equipment will be suitable for the expected
maintenance life of the components of the tower and the life of the
tower itself. Itis suggested that you condition each vendor’s offer-
ing to assure that it will meet the design performance requirements
before you buy, and that the people evaluating the bids have the
expertise and database to tell the difference. After all of that, it is
recommended that you test the final product to assure that you
received what you asked for.

As you consider the concepts of this paper please keep in mind
that it can be used just as easily to justify modifications to existing
cooling towers as it can for evaluating new towers. Some Engineer/
Constructors have been advising that their clients have been modi-
fying their cooling towers in an effort to reduce energy consump-
tion in order to do what they can to reduce their contribution to
global warming.

The simplified concept of a present worth of capital factor along
with the present worth of fan power and pump power is all you
need to make an economic analysis of your cooling tower bids.
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Seismic Qualification of Cooling Towers

By Shake-Table Testing

Panos G. Papavizas, P.E.
Baltimore Aircoil Company

Abstract

The design and qualification requirements defined in
building codes for active mechanical equipment to resist
seismic forces are dependent on the desired level of earth-
quake safety. For the basic level of safety where the
intent is to reduce the hazard to life posed by equipment
becoming detached or toppling during an earthquake,
the seismic design provisions focus on equipment sup-
ports and attachments and the basis of qualification can either be
by analysis, testing, or experience data. For the higher level of
safety where equipment functionality is vital for the continued op-
eration of critical facilities after earthquakes, the design provisions
focus on the equipment itself, as well as the supports and attach-
ments. The basis for qualification in this case is limited to shake-
table testing or experience data. Due to the rarity of strong-motion
earthquakes and the lack of substantiated seismic experience data
for the current generation of equipment, shake-table testing be-
comes the most reliable method of qualifying equipment function-
ality.

The code-recognized shake-table test protocol, ICC-ES AC156, pro-
vides a generic methodology for verifying post-seismic test func-
tionality. It is incumbent upon equipment manufacturers to define
the specific functional verification activities that must be conducted
as part of the seismic qualification program. The unique functional
characteristics of cooling towers necessitate special consideration
in developing a test plan that can reasonably and reliably assure
post-earthquake functionality. Baltimore Aircoil Company has de-
veloped a functional verification methodology as part of a compre-
hensive seismic qualification program for its products. This meth-
odology and the basis for its development is the subject of this

paper.
Introduction

The seismic design of mechanical equipment is focused primarily
on equipment supports and attachments. The intent of the seismic
design provisions included in building codes is to reduce the haz-
ard to life posed by the sliding, toppling, or falling of equipment
during earthquakes. Typically, the basis for qualifying equipment
supports and attachments for this level of earthquake safety (i.e.,
position retention) is static analysis. This qualification approach,
though satisfactory and acceptable for verification of equipment
restraint in most applications, is not sufficient for all applications.

Mechanical systems often serve vital functions in critical building
facilities such as emergency response centers, communication cen-
ters, and hospitals. The continued operation of these facilities
after an earthquake is partly dependent on the ability of the vital
systems, and the equipment within these systems, to function as
intended. Failure of equipment to function in these applications
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could constitute a hazard to life. The design and quali-
fication of mechanical equipment for this higher level of
earthquake safety (i.e., functionality) must reliably as-
sure functionality in addition to position retention.

Building codes address this higher level of earthquake
safety by requiring the design of equipment itself, in
addition to the supports and attachments, to resist seis-
mic forces that are greater than those required for posi-
tion-retention considerations alone. Though the struc-
tural stability and integrity of equipment is directly af-
fected using this approach, functional reliability is only indirectly
impacted. It is recognized that this approach may not be sufficient
for all types of equipment and for all critical applications. Accord-
ingly, the qualification requirements for active equipment (i.e., equip-
ment with moving or rotating parts) that must function following an
earthquake go beyond the requirements for position retention. Func-
tional qualification must be based on experience data or approved
shake-table testing. With the rarity of strong-motion earthquakes
and the lack of substantiated seismic performance data for the lat-
est generations of equipment, shake-table testing becomes the most
reliable way of assuring equipment functionality.

The code-recognized shake-table test protocol, Acceptance Crite-
ria for Seismic Qualification by Shake-Table Testing of
Nonstructural Components and Systems (AC156), issued by ICC
Evaluation Service, Inc., provides a framework for verification of
equipment functionality. The test protocol is applicable to all types
of equipment including mechanical and electrical equipment. As
such, it does not define specific functional compliance tests and
activities. It does require the test specifier, which is typically the
equipment manufacturer, to provide a detailed description of the
equipment functional characteristics. The test specifier must also
define all the pre- and post-seismic test functional verification ac-
tivities to be performed as part of the overall seismic qualification
test plan.

Cooling towers have unique functional and structural characteris-
tics that must be carefully considered in the development of func-
tional qualification requirements. The challenge for cooling tower
manufacturers, and perhaps for the cooling technology industry as
a whole, is defining the specific functional verification tests and
activities to be conducted as part of an AC156-compliant test pro-
gram that can reasonably and reliably assure equipment function-
ality after an earthquake. Baltimore Aircoil Company (BAC) has
taken up this challenge in developing a comprehensive seismic
qualification program for its products. The functional verification
methodology developed by BAC and the basis for its development
is the subject of this paper.

Background

The seismic design provisions for mechanical equipment attached
to buildings and other structures have evolved substantially from
their initial inclusion in the 1976 edition of the Uniform Building
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Code™ (UBC). The early provisions focused on the attachment of
equipment and were largely based on observed equipment damage
in prior earthquakes. In later editions of the UBC, though the pri-
mary focus of the code was still equipment attachment, the need for
greater assurance of equipment functionality in critical applica-
tions was recognized and addressed, albeit indirectly. The code
required equipment itself to be designed for seismic forces with
“the assumption that if structural integrity and stability of the equip-
ment are maintained, function and operability are ‘reasonably’ pro-
vided for, although by no means assured” (Porush, 1992, p. 27).

Shake-table testing as a means of seismically qualifying equipment
for building applications first appeared in national seismic provi-
sions in 1985 with the initial publication by the Federal Emergency
Management Agency (FEMA) of the National Earthquake Haz-
ards Reduction Program (NEHRP) Recommended Provisions for
the Development of Seismic Regulations for New Buildings. How-
ever, shake-table testing for functional qualification of mechanical
equipment has not been employed to any significant extent outside
the nuclear industry. This can be explained in part by the absence
of a recognized shake-table test methodology suitable for
nonstructural building components. Where tests have been per-
formed for non-nuclear applications, they have been hampered by
inconsistent interpretation and translation of the building code
seismic provisions into actual test procedures (Gatscher et al., 2003,
p.74). Tests so conducted result in uncertain equipment reliability.

The test methodology void was filled by the issuance of AC156 in
2000. This protocol was developed through collaboration between
Schneider Electric, the Building Seismic Safety Council, and the
International Conference of Building Officials Evaluation Service,
which is now the ICC Evaluation Service, Inc. (Caldwell et al., 2003,
p. 449). The most recent edition of AC156 became effective in
January, 2007. It is suitable for equipment qualification in accor-
dance with the 1997 edition of the UBC and the 2006 edition of the
International Building Code® (IBC). The AC156 protocol is refer-
enced in the 2003 NEHRP provisions and the American Society of
Civil Engineers standard ASCE/SEI 7-05, Minimum Design Loads
for Buildings and Other Structures.

Current Seismic Qualification Requirements
for Critical EQuipment

The earthquake regulations found in most state and local building
codes are based on the International Building Code, the model
building code published by the International Code Council (ICC)®.
The NFPA 5000%, Building Construction and Safety Code®, which
is published by the National Fire Protection Association, is used as
the basis for earthquake regulations to a much lesser extent and in
only a handful of code jurisdictions. Both of these model codes
refer to the consensus standard ASCE/SEI 7-05 for seismic design
criteria.

The seismic design requirements for nonstructural components
including mechanical equipment are contained in Chapter 13 of
ASCE/SEI 7-05. All manufactured equipment (i.e., packaged equip-
ment that typically are not custom engineered for specific projects)
that fall within the scope of Chapter 13 and are not exempt from the
seismic design provisions must be certified and qualified by one of
three methods defined in Section 13.2.1. These methods are:

a. Analysis
b. Testing
c. Experience data.
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Critical mechanical components that are required to function after
an earthquake are classified as “designated seismic system” com-
ponents. These components are assigned a component impor-
tance factor, | , of 1.5 and are themselves required to be designed
for seismic forces. Non-critical components are assigned an impor-
tance factor of 1.0.

The more restrictive qualification requirements for designated seis-
mic system components are contained in Section 13.2.2. Specifi-
cally, paragraph 13.2.2.a. states:

“Active mechanical and electrical equipment that must re-
main operable following the design earthquake shall be
certified by the supplier as operable based on approved
shake table testing in accordance with Section 13.2.5 or
experience data in accordance with Section 13.2.6. Evi-
dence demonstrating compliance of this requirement shall
be submitted to the authority having jurisdiction after re-
view and approval by the registered design professional.”

The requirements for seismic testing are defined in Section 13.2.5.
This section states in part:

*“...testing shall be deemed as an acceptable method to
determine the seismic capacity of components and their
supports and attachments. Seismic qualification by test-
ing based upon a nationally recognized testing standard
procedure, such as ICC-ES AC 156, acceptable to the au-
thority having jurisdiction shall be deemed to satisfy the
design and evaluation requirements provided that the sub-
stantiated seismic capacities equal or exceed the seismic
demands determined in accordance with Section 13.3.1
and 13.3.2.”

The experience data requirements are provided in Section 13.2.6,
which states:

“As an alternative to the analytical requirements of Sec-
tions 13.2 through 13.6, use of experience data shall be
deemed as an acceptable method to determine the seismic
capacity of components and their supports and attachments.
Seismic qualification by experience data based upon na-
tionally recognized procedures acceptable to the author-
ity having jurisdiction shall be deemed to satisfy the de-
sign and evaluation requirements provided that the sub-
stantiated seismic capacities equal or exceed the seismic
demands determined in accordance with Sections 13.3.1
and 13.3.2.”

Clearly, of the three qualification methods only shake-table testing
and experience data are recognized and acceptable for functional
qualification of critical equipment. There are limitations, however,
in the use of experience data.

Limitations of Qualification by Experience

Observations of buildings and equipment in the aftermath of earth-
quakes when correlated with recorded ground-motion and build-
ing-motion data are an invaluable source of information that can be
used to gain an understanding of actual performance during seis-
mic events. This type of reconnaissance information, or experience
data, has guided code-writers in developing national seismic provi-
sions to mitigate hazards from future earthquakes, and has revealed
to equipment manufacturers the strengths and weaknesses of their
equipment designs. Experience data is important for the ongoing
development of codes and seismically resistive equipment, but is
limited when used as the basis for qualifying the seismic capacity
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of the current generation of equipment designs for new building
applications.

The most obvious limitation is that data is relatively rare due to the
infrequency of strong-motion earthquakes. Furthermore, experi-
ence data that is available likely pertains to equipment designs that
are obsolete or that are several generations old. Considering that
many equipment manufacturers frequently upgrade and modify their
products to gain competitive advantage through differentiation,
experience data can become outdated very quickly.

Experience data is also relatively difficult to obtain due to the re-
strictions on access in earthquake damaged areas and the con-
cerns about legal liability. Where access is permitted, ground-
motion or building-motion data may not be available making it dif-
ficult to determine the actual seismic demand experienced by the
equipment. And assuming all the information is available, the sub-
stantiated seismic capacity may be so low that it is virtually useless
for new applications.

To be acceptable as a basis for seismic qualification of equipment,
ASCE/SEI 7-05 requires the use of experience data to be based on a
nationally recognized procedure. This requirement is necessary to
ensure the validity and proper application of the data. One proce-
dure that exists and is used on a regular basis is the Seismic Quali-
fication Ultilities Group (SQUG) Generic Implementation Procedure
(Eder, 2007). However, this procedure is proprietary to SQUG and is
used primarily for qualification of new and replacement equipment
in nuclear power plants. No comparable procedure exists for build-
ing applications.

These limitations by no means preclude the use of experience data,
but suggest that for most building applications it is not a viable
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method for equipment qualification. The limitations also dictate
that if this method becomes viable in the future it should be used
with extreme care.

The more reliable alternative to using experience data for functional
qualification is to perform shake-table testing in accordance with
AC156.

Scope and Purpose of AC156

The stated scope and purpose of the AC156 test protocol is to
establish the “minimum requirements for the issuance of ICC Evalu-
ation Service, Inc., evaluation reports on seismic qualification shake-
table testing of nonstructural components and systems...” (ICC-
ES, AC156, p. 2). ICC-ES is a nonprofit subsidiary of ICC that
performs technical evaluations of products to determine code com-
pliance. Evaluation reports are issued by ICC-ES following the
review and approval of test data submitted by an applicant to sub-
stantiate code compliance. The reports are made available to the
public and can be used by engineers, contractors, specifiers, and
others, but the primary aim is to aid building officials in the enforce-
ment of code regulations. Building officials can accept or reject
ICC-ES evaluation reports as proof of code compliance given that
the reports are only advisory.

To fulfill the stated scope and purpose, the AC156 test protocol not
only clearly defines the test procedure, but also specifies the ac-
creditation requirements for test laboratories and the format re-
quirements for test reports. These requirements must be satisfied
for ICC-ES to consider the testing and to issue an evaluation re-
port. However, an evaluation report does not have to be the final
outcome of qualification testing in accordance with AC156.
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Equipment manufacturers must carefully consider the advantages
and disadvantages of pursuing ICC-ES evaluation reports for their
tested products before proceeding with a testing program. Gener-
ally, for test reports to be considered they must come from accred-
ited laboratories. In special cases ICC-ES will consider reports from
non-accredited laboratories as long as on-site assessments are
performed to its satisfaction (see ICC-ES, Acceptance Criteria for
Test Reports, AC85, for accreditation requirements). Though nec-
essary for the issuance of evaluation reports, these requirements
may limit a manufacturer’s choice of test facilities and may be pro-
hibitively expensive and burdensome.

The evaluation report requirements of AC156 should not dissuade
manufacturers from pursuing seismic qualification test programs.
The benefits of qualification by testing outweigh the limitations
resulting from the absence of an evaluation report. To satisfy the
intent of the accreditation requirements, it is advisable and prudent
for manufacturers to use test laboratories that are reputable and
that have experience performing tests in accordance with AC156.

Functional Verification Requirements of
AC156

The functional verification requirements of AC156 are intended to
be universally applicable to all types of equipment, including me-
chanical and electrical equipment. The protocol essentially pro-
vides a framework within which equipment manufacturers can de-
scribe the functional characteristics of their products and define
the specific pre- and post-seismic test functional verification ac-
tivities to be performed as part of the qualification test program.
The protocol also provides acceptance criteria for functional verifi-
cation.

Section 4.0 of AC156 details all the information that must be pro-
vided by the equipment manufacturer for the unit to be tested,
defined as the Unit Under Test or UUT. Specifically regarding the
functional requirements, Section 4.4 states:

“A listing and detailed description shall be provided of
the functional and operability equipment requirements and/
or tests used to verify pre- and post-seismic-testing func-
tional compliance.”

As part of the required information for Section 4.0, the importance
factor, | o must be specified by the manufacturer. This factor estab-
lishes the performance level of the equipment. An importance fac-
tor of 1.5 indicates that the functionality requirements of the proto-
col apply.

The pre-seismic test functional compliance verification activities
must be performed in accordance with Section 6.3. Specifically,
Section 6.3 states:

“Functional and operability requirements and/or tests, as
specified in Section 4.4, shall be performed by an accred-
ited testing laboratory to verify pre-test functional perfor-
mance. Functional testing could be performed at either
the test facility or at the UUT manufacturing facility. Test
description and results shall be documented in accordance
with Section 5.2 (Test Reports).”

As indicated in the discussion of the scope and purpose of AC156,
the accreditation requirements are pertinent when an evaluation
report will be sought from ICC-ES. Otherwise, the functional tests
should be professionally and competently performed and recorded
in the test report.
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The post-seismic test functional compliance verification require-
ments are defined in Section 6.7. Specifically, this section states in
part:

“Based upon the specified UUT importance factor in Sec-
tion 4.3, equipment being qualified must be capable of per-
forming its intended functions after the seismic event. Func-
tionality and operability requirements and/or tests, as
specified in Section 4.4, shall be performed on the UUT to
verify post-test functional and operational compliance.”

The acceptance criteria for verification of functionality are defined
in paragraph 6.7.2 and require the post-test results to be “equiva-
lent” to the pre-test results. To ensure that the results can be
readily interpreted and confirmed, the manufacturer should pro-
vide objective pass/fail criteria in the test plan.

Paragraph 6.7.2 also includes acceptance criteria for basic struc-
tural integrity. It is required that the UUT structural system and
anchorage are not compromised during the test, though some struc-
tural damage such as local yielding is acceptable as long as it does
not affect the functionality of the equipment. Repairs to the equip-
ment are allowed as long as they are relatively minor. The example
provided in AC156 to illustrate what constitutes a minor repair is
“replacing a bulb” (ICC-ES, AC156, p. 8).

Functional Characteristics of Cooling Towers
and Qualification Considerations

The function of cooling towers, including both open and closed
circuit towers, is to reject waste heat into the atmosphere by evapo-
rative cooling. This is accomplished through a complex interaction
of the various sub-systems within towers. These sub-systems
include the air moving system or mechanical system (i.e., fan, mo-
tor, and drive system), the water distribution system (i.e., integral
spray pumps, internal piping, nozzles, distribution basins, and col-
lection basins), the heat transfer system (i.e., fill media and/or inte-
gral heat exchangers) and the structural system (i.e., support mem-
bers, bracing, enclosures, and anchorage). These tower sub-sys-
tems must remain largely intact after an earthquake for cooling
towers to perform their intended function. Therefore, the integrity
of these sub-systems must be verified in a comprehensive test and
inspection program in order to assure functionality.

The most recognized and accepted method of determining the ther-
mal capability of cooling towers is testing in accordance with ATC-
105, Acceptance Test Code for Water Cooling Towers, and its supple-
ment for closed circuit towers, ATC-105S, both of which are pub-
lished by the Cooling Technology Institute (CTI). Though thermal
testing in accordance with ATC-105 could be used to verify cooling
tower functionality, it is unnecessary and excessive within the con-
text of seismic qualification. Additionally, when thermal testing is
used as the sole means of verification, it may be inadequate to
address all the functional characteristics of cooling towers.

The primary purpose of thermal performance testing in accordance
with ATC-105 is to determine the absolute thermal capability of
cooling towers. The AC156 functionality requirements, however,
focus on the relative performance of the equipment. Aslong as the
pre-test and post-test functional results are equivalent, the func-
tional compliance requirements of AC156 are satisfied. Asan alter-
native to ATC-105 testing, the functional tests and activities should
demonstrate that the various cooling tower sub-systems remain
substantially intact and can deliver equivalent pre- and post-seis-
mic test functional results. This approach can reasonably assure
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cooling towers will function after an earthquake as well as they
would prior to an earthquake.

Some of the functional compliance tests and activities must focus
on the characteristics of cooling tower sub-systems that an ATC-
105 thermal performance test would not necessarily address, such
as mechanical system integrity. Though the ATC-105 code requires
an overall condition assessment of mechanical equipment prior to
performing a thermal test, this assessment may not assure the con-
tinued safe operation of the mechanical system following an earth-
quake. Other aspects of cooling tower sub-systems that warrant
additional consideration are the water containing function of distri-
bution/collection basins and internal piping as well as the struc-
tural integrity of the fill media and/or integral heat exchanger in the
case of a closed circuit tower.

The functional compliance verification methodology developed by
BAC includes specific tests and activities that address all aspects
of cooling tower function. This methodology is described in the
following section.

Functional Verification Methodology

The functionality of cooling towers after shake-table testing can be
reasonably and reliably assured through a comprehensive inspec-
tion and test program that focuses on the various internal sub-
systems of towers. The tests and inspections must verify that:

- The air moving system is substantially intact and delivers
equivalent pre- and post-seismic test air flow.

- The integrity of the mechanical system is not compromised
and that the mechanical components can be operated safely.

- The water distribution system is substantially intact and
delivers equivalent pre- and post-seismic test water flow
without significant leaks or drift.

- The heat transfer system is substantially intact and is not
structurally or thermally compromised.

- The structural system and anchorage are substantially in-
tact with only minor yielding or distortion that does not
impact functionality.

These criteria can be satisfied by conducting thorough inspec-
tions and production-type tests that establish fan/motor perfor-
mance, demonstrate water distribution, measure vibration charac-
teristics, and assess structural integrity. Specific inspections and
tests to be conducted both before and after shake-table testing for
open cooling towers and closed circuit cooling towers are pro-
vided in Tables 1 and 2, respectively, found at the end of this paper.
A similar matrix or outline should be included in the seismic test
plan, along with pass/fail criteria suited to the type of tower, to
clearly establish the verification requirements.

The results of all functional verification tests and inspections should
be included in the test report. Test and inspection forms can be
developed to facilitate the collection of test data and the interpreta-
tion of the test results. The report should also include before and
after photographs, including close-up pictures of any post-test
damage.

The production-type tests listed in Tables 1 and 2 typically would
be conducted at the UUT manufacturing facility or research facility
since it is unlikely that the shake-table test laboratory has the capa-
bility (i.e., hardware, instrumentation, and expertise) to conduct
these tests. Therefore, it is critical that the fragility level of the
UUT is not exceeded during shake testing so that the UUT can be
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transported to the functional test facility. This requirement should
be communicated to the shake-table lab personnel so that all par-
ties understand the performance expectations.

Minor repairs to the UUT are acceptable as long as they are on the

same order of magnitude as the example provided in the AC156
protocol. A partial listing of analogous cooling tower-type repairs
that should be acceptable to a reviewing authority is provided
below:

- Sealing of minor leaks.

- Replacement of dislodged water distribution branches or
nozzles.

- Minor retightening of pipe joints.
- Minor retightening of drive belts.
- Minor realignment of mechanical components.

- Replacement of a few dislodged fill packs or drift elimina-
tors.

- Replacement of a few dislodged louvers or air inlet screens.

All minor repairs that occur during testing must be documented in
the test report.

When conducted as part of a comprehensive seismic qualification
program in accordance with AC156, the functional verification tests
and inspections listed in Tables 1 & 2 and described herein can
reliably assure cooling tower functionality.

Certification Requirements

Equipment that has been seismically qualified by shake-table test-
ing must be certified by the manufacturer as specified in paragraph
13.2.2.a. of ASCE/SEI 7-05. Currently, there are no specific guide-
lines in the code for preparing a certificate of compliance, but it is
recommended that the following information be included as a mini-
mum for generic building applications (i.e., where the building dy-
namic characteristics are not known).

1. Name of the manufacturer.

2. Product line covered by the certificate.

3. The code for which compliance was evaluated (e.g., 2006
IBC).

4. Reference to AC156 as the test protocol.

Performance level (i.e., = 1.5).

6. Certified seismic capacity, defined in terms of the design
spectral acceleration parameter at short period, S .

7. Installation restrictions, if any (e.g., outdoor, grade level).

8. Product restrictions, if any (e.g., accessories not covered
by the certificate)

Manufacturers should include the certificate of compliance in their
proposal packages. With the seismic qualification basis and the
certified seismic capacity clearly defined in the certificate of com-
pliance, equipment specifiers and purchasers can readily determine
whether or not the equipment is suitable for their specific project.

A certificate of compliance in itself, however, is not sufficient evi-
dence of testing and seismic qualification. All supporting docu-
mentation, including the seismic qualification test plan, the test
report, and any supporting analyses, must be available for review
and approval by the registered design professional and the build-
ing official.

o1

System Considerations
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It has been established that cooling towers in designated seismic
systems must be designed and qualified to the building code re-
quirements. However, qualification of cooling towers alone does
little to assure post-earthquake functionality of the systems within
which they operate. All components within these systems and the
way that they interact must receive equivalent attention. This sys-
tem approach to qualification should be directed by the registered
professional responsible for the system design.

Cooling tower manufacturers can do their part to assure the func-
tional level of earthquake performance in critical systems by satis-
fying the requirements of the building codes, qualifying their equip-
ment using a methodology similar to the one described herein, and
providing sufficient information to the registered professional to
facilitate cooling system design.

Conclusions

Cooling towers classified as designated seismic system compo-
nents that must operate and function as intended following an
earthquake are required to be qualified using either experience data
or shake-table testing. Due to various limitations of experience
data, the most reliable method of qualification is shake-table test-
ing in accordance with the code-recognized test protocol, ICC-ES
AC156.

Seismic qualification programs for cooling towers must take into
consideration their unique functional characteristics and include
specific pre- and post-shake test functional verification activities
to reasonably and reliably assure post-earthquake functionality.
The methodology developed by BAC and presented herein ad-
dresses all aspects of cooling tower function and satisfies the veri-
fication requirements of AC156. In the absence of specific func-
tional verification requirements for cooling towers in the AC156
protocol, a companion guideline or standard developed by the cool-
ing technology industry could help ensure that all manufacturers
approach functional qualification with equal rigor.

Cooling towers qualified by shake-table testing must be certified
by the manufacturer. Certificates of compliance must contain suffi-
cient information for specifiers and purchasers to determine the
suitability of the equipment for a specific project. Additionally, all
supporting documentation must be readily available for review and
approval by the registered design professional and the building
official.

Though functional qualification of cooling towers in critical appli-
cations is necessary and important, a focus on the towers alone is
insufficient. Cooling tower qualification is just one part of a system
approach to assuring the functional reliability of critical systems.
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Table 1: Open Cooling Towers

Cooling Tower

Inspection/Test

Table 2. Closed Circuit Cooling TowersReferences
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joint leak tightness \J' ‘water flow supportintegrity v
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Drift Eli o \l'
it eonteal N water llow and fan DistributionPiping | structural integrity v
P joint leak tightness v waler flow
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= . ‘water flow and fan
supporlinlegrily \‘ drift control 'J operation
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Enclosure structaral infegrity N} Heat Transfer | 0165721 Heat mechanical integrity | v
Anchorage stroetnral integrity \‘ vessel integrity pressure test
supportintegrity v
Fill Media mechanical integrity y
listribution Vl wu&u.l?:ywmdﬁln
support integrity v
5 5 strocinral int ity 1[
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Cooling Technology Institute

Licensed Testing Agencies

Agency, the agency must pass a rigorous screening process and
demonstrate a high level of technical expertise. Additionally, it
must have a sulficient number of test instruments, all meeting
rigid requirements for accuracy and calibration.

For nearly thirty years, the Cooling Technology Institute has
provided a truly independent, third party, thermal performance
testing service 1o the cooling tower industry. In 1995, the CTI
also began providing an independent, third party, drifi

performance testing service as
well,  Both these services are
administered through the CTI
Multi-Agency Tower Perfor-
mance Test Program and provide
comparisons of the actual operat-
ing performance of a specific
tower installation to the design
performance. By providing such
information on a specific tower
installation, the CTI Muli-
Agency Testing Program stands
in contrast to the CTI Cooling
Tower Certification Program
which certifies all models of a
specific manufacturer's line of

cooling towers perform in
accordance with their published thermal ratings.

Onee 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 ol testing experts
specifically for this program. In-
cluded in these requirements are
strict guidelines regarding conflict
of interest to insure CT1 Tests are
conducted in a fair, unbiased
manner,

Cooling tower owners and manu-
facturers are strongly encouraged

o utilize the services of the licensed CTI Cooling Tower

Performance Test Agencies. The currently licensed agencies are
To be licensed as a CTI Cooling Tower Performance Test  [isted below.

Licensed CTI Thermal Testing Agencies

License Agency Name Contact Person Telephone
Type* Website ! Email Fax
AD Clean  Air  Engincering Kenneth  Hennon 200, 208.6162
7936 Conner Rd www.cleanair.com B65.938.7569
Pawell, khennond ¢leanair.com
AB Cooling Tower Technologies Py Lud Ronald Ravner 61 2 9789 5900
POy Box NI57 coalingtwrtechid bigpond.com 61 2 9789 59712
Bexley Monh, NSW 2207
AR Cooling Tower Test Associates, lnc. Thomas E. Weast 013.681.0027
15325 Melrose Dr. www.cliai.com G13.681.0039
Stanley, K5 66221-9720 cliakeir anl.com
AL B MeHale & Associates, Inc Thomas  Wheelock B65. 58K, 2654

6430 Baum Drive
Knoxville,

www.mchale.org
tom, wheelockiimmehale,org

® Type A Nicense s for the wie of mercury in glais thevmometers fypically used for smaller towers

425,557 8377

Type B license fx for the use of remote dater aognisition devices which can aceommodate maltiple measprement locatfons reguived by larger fowers,

Licensed CTI Drift Testing Agencies

Agency Name
Address

Clean  Air Engincering

7936 Conner Rd

Powell, TN 37349

MceHale & Associates, Inc.
6430 Baum Drive
Knoxville, TN 37019
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Contact Person

Website / Email

Kenneth  Hennon
www, cleanair.com
khennonf@ cleanair.com

Thomas  Wheelock
www.mchale,org
tom.wheelockirmehale.org

Telephone

Fax

B0, 2086162
8039387509

865, 588.2654
425 5578377
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Introducing the

“CTI ToolKit Ver 3.0”

Cooling Tower Software Tools by the

Cooling Technology Institute

CT1 has created a powerful set of

saftware tools indispensable to anyone responsible
Jor cooling tower performance evaluation,
prediction and monitoring.

Why vou need the CTI ToolKit Version 3.0:

¢  Thermal Desiegn Worksheet. An interactive,
graphical worksheet designed to speed cooling
tower thermal calculations. New for 3.0 Now aff
work sheet data can be saved 1o fife and retrieved
Jfor later review. New added pring preview function.

» Performance Evaluator. Evaloates induced draft
counterflow & crossflow cooling tower
performance with field acquired data. Fully
compliant with the latest CT1 ATC-105 test code
(performance curve method). New for 3.0 — Now
works for induced draft towers and forced drafi
fowers and awtomatically caleulates cold-water
femperature deviation. Added print preview
Sunction. Easily copy graphs 1o work processor.,

* Air Properties Calculator. Fully ASHRAE
compliant, using latest psychrometric property
routines. New for 3.0 - Added print preview
function.

¢ Detailed Help Files. How-to-use help for typical
applications is just a click away. New for 3.0
revised and expanded.
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Properties A gt i Nt P asm
Calculator - g
T Wi

e ﬁi_}il ""F_.il [T | =]

| Thermal Design
Worksheet

for Microsoft® Windows ™

What does the CTI ToolKit do for me?

» Predicts off-design performance with the Demand
Curve Tab application. Answers what-if questions like,
how much will my leaving water temperature change if' |
increase my waterflow 10%7 Decrease my range |5%7?

¢ Evaluates cooling tower performance & acceptance
tests.

e Performance Curve Tab application allows the automatic
calculation of cooling tower performance using the
performance test method of the CT1 ATC-105,
Automatically solves the iterative calculations for the exit
air temperature and psychrometric properties to compute
the test L/G as required by CTI ATC-105. Accurately
interpolates between curves and generates all the necessary
crossplots to determine the overall Tower Capability.

¢ Demand Curve Tab application speeds the evaluation of
the characteristic curve method. This application allows
the calculation of the overall Tower Capability when
manufacturer’s performance curves are unavailable. High
quality demand curve pages produced on any printer for
vour exact set of design conditions at any altitude.

e Produces your own performance curves from field
test data. Using the Demand Curve Tab application and a
single test point, create a set of performance curves along with
any spreadsheet.

* All without picking up a pencil!
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To order, call 281.583. 4087 or fax the order form on the back.
For more information visit CT1's Website at http:/iiwww.cti.org
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“The Performance Curve method is widely recognized as a more
accurate method of determining tower capability from measured
Of‘dﬂ'r Tﬂdﬂy test data. The new CTI ToolKit Tab Application provides a quick
and easy method for anvone to evaluate a performance test using
Ca " 281 -583-4087 this more accurate method. "
- Rich Harrison, Jr. ATC-105 Task Group Chairman

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: CwV; CVC; CID Code:
Product Unit Price | Quantity Total System
CTI TeolKit Version 3.0 (single user license) Microsolt Windews®
CTI Member $395 95/98, Windows NT 4.0 or
Non-member 3450 later, minimum & MB RAM

(16 MB recommended), 3

CTI ToolKit Version 3.0 (Upgrade from V1.0 and V2.0) MB i et fos i

CTI Member

$ 95

|
|
Non-member | $120 .
PerfCurv 3.0 (Stand alone Performance Curve application) l
CTI Member | $185
Non-member I o

Shipping for CD-Rom (from Texas).
Priority mail 86 2™ Day Air $18: Ovemnight Domestic 528 / Infernational (DHL)

Multi-user site licenses and educational institution pricing available on request Phone: 281.583.4087
Fax: 281.537.1721
Web: http:/f'www.cti.org
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When you choose to work with an original
like Amarillo Gear Company, you receive a lot more-than the'best product.

You work directly with the professionals who engineered that product in'the
first place and who have tested it, proved.it and‘ifhproved it over nearly 25
years of first hand fiéld €xperience’ :

You gain access to4 large staft of engineets who have years of experience
trouble-shooting in unusual climates, conditions and unique applications.

You enjoy the security of knowing your warranty isbacked by a company
that will be around tomorrow with quick tamarcund o the parts or
service you require.

Amarillo Gear Company manufactures the world’s most extensive line
of right angle spiral bevel cooling tower fan drives available today,
including single and dénble-reduction models‘and the tiew
A Series of drives. Contact our staff of sales
engineersfar quick response to your
cooling tower fan drive needs.

Amarillos
Gear
Company

Post Office Box 1789
Amarillo, Texas 79105

80626221273
FAX 80626223258
www.amarillogear.com

150

COMPANY

Manufacturing quality gear drives since 1934
MEMBER e
(T

A mermibser of The Marmon Group of companies & AcLY



Everything you're looking for in a

v
packaged counterflow tower... 5%%%@

Vv
and more. jm%&mm:.

Marley MD

Cooling Tower

COOLING TECHNOLOGIES

To learn more, call 800 462 7539 or visit spxcooling.com.



