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SECTION 1

INTRODUCTION

i

The U.S. Environmental Protection Agency (EPA) Office of Air Quality
Planning and Standards (OAQPS) has responsibility for developing and maintain-
ing the document "Compilation of Air Pollutant Emission Factors" (AP-42). This
document is a basic source of emission factors used in preparation of State
Implementation Plans (SIPs), review of Prevention of Significart Deterioration
(PSD) applications, new source review, and other federal, state, and local agency
assessments of air poliution sources.

There is reason to believe that particulate emissions from commercial and
industrial cooling towers may be a significant source of particulate matter
emissions and in particular of PM-10.* The purpose of this work assignment
was to develop candidate emission factors for PM-10 (and total particulate matter
[PM], if appropriate) for possible inclusion in AP-42. The following sections
describe the analyses performed in the work assignment, present candidate
emission factors for wet cooling towers, and provide a draft AP-42 section for

wet cooling towers.

* PM-10 is defined as particles no greater than 10 um in aerodynamic
diameter (equivalent unit density spheres).

MROTS\R10-04 - | 1_1







SECTION 2
PROCESS DESCRIPTIONS

2.1 INTRODUCTION AND PROCESS OVERVIEW

Cooling towers are heat exchangers that dissipate large heat loads to the
atmosphere. They are an important component in many industrial and
commercial processes that must dissipate heat.

Cooling towers are typically used for:

. Power generation cycles which require the condensation of a
working fluid such as steam to complete the cycle and retum the
condensed fiuid to the boiler. The cooling tower is used to
dissipate the heat of condensation to the environment.

. Process cooling such as in the petrochemical and various materials
production industries which must condense and/or cool the product
to complete a process step or finish the operation.

. Air conditioning cycles which require not only the dissipation of the
heat removed from the air-conditioned space but also the dissipa-
tion of the working energy required to operate the air conditioning
equipment, such as a chiller.

Although high efficiency process designs and recycling of energy, when
feasible, can help reduce the amount of heat that must be rejected to the
atmosphere, ultimately all of these energy sources must dissipate their residual
energy to the environment. Cooling towers have become an accepted method
of accomplishing this heat rejection.

Cooling towers may range in size from less than 5(10)° Btu/h [5.3(10)° kJ/h)
for small air conditioning cooling towers to over 5,000(10)° Btu/h
[5,275(10)° kJ/h] for large power plant cooling towers. Although cooling towers
can be classified several ways, the primary classifications are dry towers and wet
towers. However, some hybrid wet-dry combinations exist. Subclassifications
can include the type of draft and/or the location of the draft relative to the heat

MRLOTS\R10-04 . 2-1




transfer medium, the type of heat transfer medium, the relative direction of air
movement, and the type of distribution system.

Dry cooling towers rely on the sensible exchange of heat between the
process and the air passing through the cooling tower. The heat transfer is
measured by the decrease in the process temperature and a corresponding
increase in the sensible or dry bulb temperature of the air passing through the

“cooling tower. Dry cooling towers typically have tubes (with or without fins)
which contain the process fluid to be caoled, and the cooling air passes over the
exterior tube surface to remove the heat. -

When water is used as the heat transfer medium, wet or evaporative
cooling towers may be used. Wet cooling towers rely on the latent heat of water
evaporation to exchange heat beiween the process and the air passing through
the cooling tower. The cooling water may be an integral part of the process or
provide cooling via heat exchangers. )

In wet cooling towers, the heat transfer is measured by the decrease in the
process temperature and a corresponding increase in the moisture content and
wet bulb temperature of the air passing through the cooling tower. (There may
also be a change in the sensible or dry bulb temperature; however, its con-
tribution to the heat transfer process is very small and is typically ignored when
designing wet cooling towers.) Wet cooling towers typically have a wetted media
called *fil" to promote evaporation by providing a large surface area and/or by
creating many water drops with a large cumnulative surface area.

Because wet cooling towers have direct contact between the cooling
water and the air passing through the tower, some of the water may be .
entrained in the air stream and carried out of the tower as “drift" droplets. These
dropiets eventually evaporate, leaving fine particles formed by crystallization of
the dissoived solids in the cooling water. Therefore, the constituents of the drift
droplets may be classified an environmental emission source (i.e., particulate
matter). Since the characterization of the drift emissions from wet cooling towers
is a primary objective of this study, the following sections deal mainly with wet
cooling towers.

2.2 CLASSIFICATION OF COOLING TOWERS

Cooling towers can be categorized by: the type of heat transfer; the type
of draft and location of the draft reiative to the heat transfer medium; the type of
heat transfer medium; the relative direction of air and water contact; and the type
of water distribution system. - These variations are briefly described in the
following sections. Since evaporative cooling towers are the predominate type
and also the subject of this study, the majority of the discussion is directed to
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this type of tower. Diagrams of the various tower configurations are shown in
Figures 2-1 to 2-5. '

2.2.1 Heat Transfer Type

Cooling towers can reduce the temperature of the water by two heat
transfer mechanisms. The first is sensible heat transfer between the air and the
water. This is dependent on the difference between the water temperature and
the dry bulb temperature of the air. In “dry* cooling towers, such as finned tube
heat exchangers, all of the heat transfer is due to the sensible temperature

difference.

The second form of cooling is latent heat transfer, which occurs when a
portion of the water to be cooled evaporates. This is dependent on the
difference between the water temperature and the wet bulb temperature of the
air. Because the wet bulb temperature is always less than or equal to the dry
bulb temperature, a "wet" tower can provide lower temperatures, which may
improve the overall system performance. Although wet cooling towers may also
have some sensible cooling, the majority of the heat transfer is due to the latent
cooling.

A few hybrid “wet-dry" cooling towers have been built in which a wet tower
and a dry tower section are operated in series or paraliel to shift a higher portion
of the cooling to sensible heat transfer and conserve the amount of water
evaporated. Wet-dry towers also tend to eliminate the visible plume of water
droplets normally associated with wet cooling towers.

2.2.2 Draft Type

Cooling tower draft refers to the method in which airflow is created to
move through the cooling tower and allow heat transfer to occur. Draft can be
created naturally or mechanically.

In "natural draft" cooling towers (Figure 2-1), the air movement is
dependent on the difference in density between the air surrounding the tower
and the internal air. As the heat is transferred to the air passing through the
tower, its density is reduced and it tends to rise and draw in additional cooling
air at the base of the tower. The height and shape of the structure aid in the
initiation and maintenance of the draft. :
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In *mechanical draft' cooling towers, the air movement is created by one
or more fans. The tower may be “forced draft' (Figure 2-2) in which the fans are
located at the tower inlet or “induced draft* (Figure 2-3) in which the fans are
located at the tower exhaust.

Several special cases also exist. Fan-assisted natural draft towers
(Figure 2-4) have one or more fans to assist with the tower draft. Atmospheric
towers (Figure 2-5) have no fans and rely on atmospheric conditions such as
wind in addition to air density to move the cooling air. Spray ponds and canals
rely on fountain-like nozzles to inject water into air for atmospheric cooling. -

2.2.3 Heat Transfer Medium Type

The cooling tower heat transfer medium is called "fil." Cooling tower fill is
-usually divided into two categories—"film fill" and “splash fil." -

Film fill relies on the installation of a cooling medium with a large surface
area for air-water heat transfer to occur. Film fills may include various materials
such as ceramic, fiber reinforced cement, fiberglass, metal, plastic, and wood
formed in closely spaced vertical sheets, honeycomb assemblies, or tiles. The
materials may have other features, such as corrugations or holes, to further
enhance the heat transfer area.

Splash fill relies on the formation of many small drops of water to obtain
the air-water heat transfer surface. Like film fill, splash fill can be made of various
- materials and configured with different spacings and densities of packing to
enhance the heat transfer area. Some towers may not have any splash fill for
the internal heat transfer medium and rely only the initial water distribution spray
. system to create small droplets with a large cumulative surface area for heat
transfer.

2.2.4 Direction of Air-Watei' Contact

Cooling towers usually are classed as having "counter-flow" or "cross-flow"
heat transfer. Counter-fiow cooling towers have the air moving vertically up while
the water is moving vertically down. Cross-flow cooling towers have the air
moving horizontally while the water is moving downward. These are the relative
directions of the air and water in the heat transfer medium portion of the tower.
Due to construction details, the relative airfiow direction may be different in the
tower inlet or exit, therefore, the heat transfer may not be 100% counter-flow or
cross-flow in specific towers. -

MR-OTS\R10-04 : . - 20




2.2.5 Water Distribution Type

Water distribution systems can be divided into two basic types--gravity
and pressure. Gravity distribution systems rely on free flow through holes or
orifices in troughs or boxes to initially inject the water into the cooling tower.
Frequently the orifices contain distribution plates to assist with the breakup of the
water jet into small droplets.

Pressure distribution systems use a network of closed pipes with
periodically spaced nozzles to spray the water into the cooling tower under -
moderate pressure. The nozzle design and spray pressure cause the water to
be broken up into numerous drops as it is discharged into the tower.

- 2.3 ENVIRONMENTAL EMISSIONS

Wet cooling towers have several environmental side effects in addition to
the heat and moisture transferred to the environment. Because the wet cooling
tower typically evaporates a portion of the water passing through it during the
cooling process, the remaining water becomes more concentrated with ~
dissolved/suspended minerals and/or chemicals in the water. Consequently a
portion of the cooling tower water must be removed as "blow down" to keep the
material concentrations within acceptable limits. To avoid waterborne environ-
mental problems, it may be necessary to provide for the treatment of the effluent
before disposal. :

Cooling tower "drift" is water lost from the tower as liquid droplets (not
recondensed water vapor) entrained in the exhaust air. Drift generally contains
dissolved solids and is independent of the water lost by evaporation. Evapora-
tion rates are typically 1% to 2% of the circulating water flow rate with drift rates
ranging from as high as 0.01% to < 0.0001%.

The magnitude of the drift loss is influenced by the number and size of
droplets produced within the cooling tower, which in turn is determined by the fill
design, the air and water patterns, and other interrelated factors. Tower
maintenance and operation can also influence the formation of drift droplets. For
example, excessive water flow, excessive airflow, and water bypassing the tower
drift eliminators can promote and/or increase drift emissions. Figure 2-6 shows
an example curve of liquid drift emissions vs. droplet size for a typical -
mechanical draft cooling tower.’ '

Because the drift droplets generally have the same water chemistry as the
water circulating through the tower, they can be the source of airbome .
emissions. Large drift droplets settle out of the tower exhaust air stream and
deposit near the tower (Figure 2-7 for the same tower as above). This can lead
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to wetting, icing, salt deposition, and related problems such as damage to
equipment or vegetation. Because other drift droplets may evaporate before
being deposited in the area surrounding the tower, they can also result in
particulate emissions in the form of solid residue. Theoretically, drift droplets
approximately less than 100 um in diameter can result in PM-10 emissions ~ 3 s
after injection into. air at 80% to 90% relative humidity and 26.7°C (80°F).2

in order to reduce the drift from cooling towers, drift eliminators are

- usually incorporated into the cooling tower design to remove as many droplets
as practical from the air stream before it exits the tower. The drift eliminators
used in cooling towers rely on inertial separation caused by directional changes
of the airflow while passing through the eliminators.

Like cooling tower fill materials, drift eliminators may include various
materials such as ceramic, fiber reinforced cement, fiberglass, metal, plastic and
wood installed or formed into closely spaced slats, sheets, honeycomb
assemblies, or tiles. The materials may have other features such as corrugations
and water removal channels to further enhance the drift removal.

The efficiency of a drift eliminator is a function of its design. Figure 2-8
presents schematics of the three major drift eliminator designs: herringbone
(blade-type), waveform, and celiular (or honeycomb).? In general (with a few
exceptions), herringbone units are the least efficient, cellular units are the most
efficient, and waveform units achieve an intermediate efficiency. Drift eliminators
installed in towers built in recent years are more likely to be higher efficiency

'waveform or cellular units, but a large number of older towers still have lower
efficiency herringbone and waveform eliminators. Important design considera-
tions for drift eliminators include the air velocity and pressure drop through the
eliminators, as well as provisions for reducing or eliminating droplet
reentrainment and air leakage (i.e., short-circuiting).
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SECTION 3

GENERAL DATA ANALYSIS AND TESTING PROCEDURES

3.1 LITERATURE SEARCH AND SCREENING

The first step of this investigation involved an extensive search of the
available literature relating to particulate emissions associated with wet cooling
towers. This search included: data contained in the open literature (e.g.,
National Technical Information Service); source test reports and background
documents located in the files of the EPA’s Office of Air Quality Planning and
Standards (OAQPS); and MRI's own files (Kansas City and North Carolina). The
search was thorough but not exhaustive. Additional information may exist,
however, funding limitations preciude further searching.

To reduce the large amount of literature collected to a final group of
pertinent references, the following general criteria were used:

1. Source testing must be part of the reference study. Some reports
reiterate information from previous studies and thus were not
considered. '

2. The document must constitute the original source of test data. For
example, a technical paper was not included if the original study
was already contained in a previous document. If the exact source
of the data could not be determined or the raw data were not
included, the document was eliminated.

A final set of reference materials was compiled after a thorough review of
the pertinent reports, documents, and information according to these criteria.
This set of documents was further analyzed to derive candidate emission factors
for total drift and PM-10.

3.2 DATA QUALITY RATING SYSTEM
As part of MRI's analysis, the final set of reference documents was

evaluated for quantity and quality of the data. The following data were always
excluded from consideration.’
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Test series averages reported in units that cannot be converted to
the selected reporting units.

Test series representing incompatible test methods (e.g.,
comparison of EPA Method 5 front-harf with EPA Method 5 front-
and back-half).

Test series in which the cooling tower |s not clearly identified and
described.

If there was no reason to exclude a particular data sef. each was assigned
a rating as to its quality. The rating system used was that specified by the
OAQPS for the preparation of AP-42 Sections.' The data were rated as follows:

A-

D-

Multiple tests perforrned on the same source using sound _
methodology and reported in enough detail for adequate validation. '
These tests do not necessarily have to conform to the methodology
specified by EPA reference test methods, although such reference

- methods were certainly used as a guide.

‘Tests performed by a generally sound methodology but lacking

enough detail for adequate validation.

Tests based on an untested or new methodology or lacking a
significant amount of background data.

Tests based on a generally unacceptable method but which may
provide an order-of-magnitude value for the source.

The following criteria were used to evaluate source test reports for sound
methodology and adequate detail:

1.

3-2

Source gperation. The manner in which the source was operated
is well documented in the report. - The source was operating within
typical parameters during the test.

Sampling procedures. The sampiing procedures conformed to a
generally accepted methodology. If actual procedures deviated

. from accepted methods, the deviations are well documented.

When deviations occurred, an evaiuation was made of how such
alternative procedures could influence the test results.

Sampling and process data. Adequate sampling and-process data

are documented in the report. Many variations can occur without
warning during testing and sometimes without being noticed. Such
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variations can induce wide deviations in sampling results. If a large
spread between test results cannot be explained by information
contained in the test report, the data are suspect and were given &
lower rating.

4. Analysis and calculations. The test reports contain original raw
data sheets. The nomenclature and equations used were
compared to those specified by EPA (if any) to establish
equivalency. The depth of review of the calculations was diictated
by the reviewer's confidence in the ability and conscientiousness of
the tester, which in tum was based on factors such as consistency
of results and completeness of other areas of the test report.

Finally, no attempt was made to recover missing data or obtain additional
information either from contractors or tower operators for each test series -
reviewed. This activity was considered to be beyond the scope of the present
study. Only the information provided in each test report was considered.

3.3 DRIFT TESTING METHODS

Drift measuring instruments fall into two general categories: those which
measure droplet size distribution and those which measure total drift mineral
mass fiux.2 Both techniques exhibit certain inherent problems.

Given the droplet size distribution and piume velocity at the tower exit, the
drift mass fiux across the exit plane can be-derived. Any instrument that
measures droplet size distribution in a unit volume also provides total drift mass
flux. However, the calculation of total drift from the droplet size distribution can
be highly sensitive to small errors in drop size. Also, it is very difficult to size and
count all of the smaller droplets, which results in an incomplete droplet size
distribution. The relative effect of this deficiency in sampling the small end of the
size distribution becomes more pronounced as the drift elimination system
becomes more efficient, because the mass fraction of the small drops
characteristically becomes greater. Also, if total drift mass is calculated from the
droplet spectrum, the technique must be able to distinguish small drift droplets
from recondensed moisture in the airstream.

From the total drift mineral mass fiux, the total drift mass flux can be
calculated if the bulk mineral concentration in the drift is known. Because it is
usually unknown, the bulk mineral concentration in.the drift is generally assumed
to be equal to the mineral concentration in the circulating water, and an apparent
drift mass flux is determined accordingly. Also, it is assumed that all of the
mineral matter is collected in the sampiling train, which may or may not actually
be the case.
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in determining drift mineral mass flux from a given tower there are two
major problem areas: (a) obtaining a representative sample; and (b) obtaining
- enough sampie to quantify. Obtaining a representative sample can be achieved
by selecting a large number of sampling points over the cross-sectional area of
the stack so that variations in the velocity profile are accounted for adequately.
The second problemn is minimized by the selection of a sensitive analytical
method which requires only minute quantities of sample.

Drift instruments thernselves can be grouped under four general headings:
chemical balance; collection; optical; and thermodynamic/condensation. Sormne
collection instruments and all optical techniques are ‘isokinetic," meaning that the
airflows into the sampling device with the same speed and direction as the air
that flows past the instrument. This ensures that certain particle sizes are not
selectively eliminated because of differences in inertial characteristics in the
presence of curved streamlines. In other words, a basic concern in drift
measurement (especially with respect to particle size) is that the particle flow is
not disturbed by the sampling device during the sampling process. Descriptions
of methods and instruments used to determine total drift are described in
Sections 3.3.1 through 3.3.5.

3.3.1 Chemical Balance Methods

Chemical balance methods involve monitoring a tracer in the circulating
water and noting the change in tracer concentration due to drift loss with the
blowdown closed. An alternative method does not require any extraneous tracer
material, but instead monitors the concentration of naturally occurring dissolved
minerals in the makeup water and circulating water with no blowdown. Any loss
in the amount of mineral in the systern, after taking into account that added by
makeup and that lost due to leakage, will be due to drift. Chemical balance
methods are of questionable usefulness with today’s small drift losses.

3.3.2 Droplet Collection Methods
The largest category of drift measuring instruments contains collection
techniques whereby an imprint of the drop is taken, the droplets are preserved

intact, or the liquid droplets are extracted from the air, evaporated and the
mineral residue analyzed. Each is described below. :

3.3.2.1 Imprinting Techniques

Droplets can be impacted on glass slides coated with oil, on photographic
film coated with liquid plastic, or in gelatin-like materials. Magnesium oxide and
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carbon black are also used as slide coating media. The craters left by the
impinging droplets are then related to drop size.

Another imprinting technique is the paper stain method. Droplets are
absorbed by the paper, causing a chemical reaction which leaves behind an
insoluble biue stain, the diameter of which is related to droplet diameter.
Figure 3-1 shows the classification of stain shapes produced by water droplets
on sensitive paper.’ '

3.3.22 Cyclone Separators

Cyclone separators use inertial forces to extract liquid water droplets from
the air samples. The mineral concentration of the water sample is then
determined by chemical analysis. If the cyclone samples isokinetically (which is
difficult since it must be operated at constant fiow), it measures the apparent drift
mass fiux by assuming the same bulk mineral concentration in the drift as in the
circulating water. If the fog-portion of the water sample were known, the bulk
mineral concentration of the dirift could be determined directly. However, since
the mass of fog water per unit volume of air is a highly fiuctuating quantity in a
cooling tower, the amount of fog water. in the sample is usually not known and
assumed to be negligible. Figure 3-2 shows a diagram of an Ecodyne Cyclone
Separator used for drift determination.*

3.3.2.3 Collection of Drift Residue

The final, and most important, collection method involves the collection of
drift residue. In this technique, drift impinges on glass beads, glass wool, or filter
paper and is evaporated, leaving behind the mineral residue, the mass of which
is determined either by gravimetric or chemical analysis. (Note that gravimetric
. methods of analysis are usually limited to towers with high drift rates and/or
mineral concentrations in the circulating water.) Wet impingers have also been
used either before or after droplet impingement/evaporation to provide additional
collection in the sampling train.” }f the sampling is isokinetic, the apparent drift
mass flux can be derived from the analytical data.

The two most widely employed drift collection techniques are the heated
bead method and the wet impinger method. These two methods were
described in most of the test reports reviewed during the present study.

As the title would suggest, the heated bead method utilizes an aspirated
glass tube containing glass beads. The tube is equipped with an electrical
heating element designed to evaporate the incoming water droplets. In some
cases, a water trap and/or backup filter are also used downstream of the heated
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tube to collect additional dissolved mineral matter. Air velocity of the gas exiting
the tower usually is determined by a propeller anenometer that is reported to be
seli-compensating for cyclonic flow (i.e., pitch and yaw).® A diagram of a typical
heated bead sampling train is shown in Figure 3-3.

For sample recovery, the glass beads are washed with a diiute acid
solution and analyzed by atomic absorption (AA) spectroscopy (or other suitable
technique). The apparent drift mass fiux is then computed from the mineral
residues retained in the glass tube assuming the same composition as the -
circulating water flow. :

Several inherent problems can be expected with the heated bead method.
First, it is assumed that all droplets impact onto the heated beads and
‘evaporate, leaving all dissolved minerals on the bead surfaces. As far as can be
determined, this assumption has never been verified experimentally. (Note that a
‘water trap and/or backup filter were added in later tests.) In fact, testing
conducted for the EPA has shown that substantial quantities of mineral matter
can penetrate the front portion of a standard Method 5 sampling train and'is
collected in the wet impingers (Table 3-1).° These data would suggest that
heated beads (which are less efficient at collecting small particles) may not
collect all of the mineral matter in the drift droplets, thus creating a negative bias
to the resulting data.

Another potential problem with the heated bead method invoives aniso-
kinetic sampling errors. Normally, the glass tube is oriented paralle! to the
overall direction of airflow (e.g., fan hub). A protractor and a telltale (small plastic
strip) attached to the propeller anenometer are’ used to determine the flow rate
and direction at each sampling point. After testing, the air velocity measured by
the anemometer is mathematically corrected for cyclonic flow using the pitch and
yaw indicated by the telitale and the sampling volume adjusted accordingly.
Because the tube is not actually oriented into the local flow direction, this
approach may or may not actually achieve isokinetic sampling conditions.

According to testing performed for the EPA, drift sampling at or below
isokinetic conditions should present no substantial problems.® However, the
same study showed that sampling above isokinetic conditions (i.e., 150%) can
cause a positive bias in the resulting data on the order of 40%.5 Thus, the
above approach may exhibit errors of the same magnitude as shown in the EPA
study.

Several variations of the wet impinger method have been developed for
the measurement of apparent drift mass flux. These include modifications to
EPA Methods 5 and 13A as well as other similar sampling trains.
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Table 3-1. PERCENT SAMPLE RECOVERY BY TRAIN COMPONENT iN

EPA STUDY®
Series of - Train . : ' ~ Percent recovery (of total catch)
run number type Compound in particular train component
1-A+F-3 Method5 = L 91.5% in front-half, but reaction with
glass fiber filter
1-A+F-4 Method 5 Li 87.1% in front-half, but reaction with
: - . glass fiber fitter
1-A+F-5 Method 5 Ca - 69.9% in front-half
1-A+F-5 Method5 = Mg 63.5% in front-half
4-A,C,F-1 Method 5 Li 49.3% in front-half, Tefion filter used
3-A+F-2,3+4 Impinger Le 75% in first two impingers, 8.7% in
train  third impinger, 16.3% on Teflon filter
3-A+F-3 impinger Br* 98.9% in first two impingers, 0.7% in
train ' third impinger, 0.4% on Tefion filter

*  Efficiency results are not shown for collection of Ca and Mg in the impinger
train since the plant’s distilled water that was used in the lmpmger reagent
contained hngh levels of Ca, Mg, and Na.

Wet impinger sampling trains used for drift determination generally consist
of a series (i.e., two or more) of wet impingers followed. by an appropriate
backup filter and desiccant trap. Distilled water is usually placed in the first two
impingers and the third impinger left dry. The backup filter is commonly located
behind the dry impinger. Type S pitot tubes are often used for velocity deter-
mination. using the “alignment approach," which accounts for cyclonic flow in the
yaw direction.® A diagram of the Method 13A sampling train is shown in
Figure 3-4.

Sample recovery is performed using a distilled water wash of the entire
sampling train (including the backup filter) with the elemental composition of the
sample determined by digestion and either AA or inductively coupled argon
plasma (ICAP) spectroscopy. Total drift mass fiux is then calculated from the
analytical results based on the concentration of one or more elements contained
in the circulating water flow.,

As with the heated bead method, the overall collection efficiency of the wet
impinger method has not been determined experimentally. However, a recent
EPA study revealed that the majority of the drift residue was collected in the
impingers with only about 20% caught on the backup filtter.®> This is illustrated by
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the data shown in Table 3-2 for a tracer compound (lithium bromide) added to
the basin water of the test tower.” Based on these limited data, it would be
expected that the wet impinger method could have a higher coilection efficiency
than the use of heated beads for drift determination. However, a collaborative
study would be required to verify such a conclusion. ‘

Table 3-2. PERCENT RECOVERY OF LITHIUM BY SAMPLE
TRAIN COMPONENT®

Percent of total sample collected
by sampling train component

Probe and first Third Backup
Run No. two impingers impinger filter
3-2 79 8 13
3-3 78 5 17
34 7 4 19
4-2 72 16 12
43 63 12 25

Another concem with the wet impinger method is the determination of
velocity in cyclonic flow and thus anisokinetic sampling. Since the “alignment
approach” (the pitot tube is rotated until no flow is measured [i.e., null point] and
then the probe assembly is rotated 90 degrees) only compensates for cyclonic
flow in the yaw direction, there may be some experimental error associated with
flow in the pitch direction. (Note that a 6% error in flow measurement was found
to be associated with pitch angle alone in a study sponsored by EPA.®) Since
errors in velocity measurement using the alignment approach have not been
quantified specifically for cooling tower stacks, potential experimental errors
might be expected due to sampling above isokinetic conditions.®

3.3.3 Optical Methods

Optical techniques are most useful where information on droplet size
distribution is desired.. The most straightforward of these is microphotoaraphy.
Microphotography is limited by the large number of photographs necessary to
give a representative sample volume. Holography has also been used exten- -
sively for measuring naturally occurring fog droplet size distributions, and has
been applied to cooling towers. However, it suffers from the same problems of
small sample size per holograph, and greatly increased complexity.

Laser light scattering uses a photodetector to measure the amount of light
scattered by a particle in a laser beam. The intensity of the light scattered is
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proportional to the drop diameter. This method is capable of operating on-line,
providing immediate results without tedious analysis, and measuring a large
sample volume. However, it is relatively expensive and limited in accuracy and
measuring capability in some respects.

Ancther device that uses a laser source measures particle diameter by
light imaging, using a linear optical array to measure particie diameter. Rtis
similar in cost to the laser light scattering system but does not suffer some of the
errors inherent in that system. lts primary disadvantage at present is that it does
not have the depth of development and experience in cooling tower application
that laser light scattering possesses. ' ‘

The primary advantages of optical techniques are that they measure
particles in situ, thus ensuring an undisturbed sample, and they can have on-line
capability for drop size information. The main disadvantages are cost,
complexity, and inability to distinguish drift from recondensate.

3.3.4 Thermodynamic and Condensation Methods

Various thermodynamic and condensation instruments have been
developed in Europe for the measurement of cooling tower drift. These have not
been widely used in the United States but are worthy of note. The instruments
developed include: the heating psychrometer, the double calorimeter, and the
condensing apparatus. Each is described below.

The heating psvchrometer is a thermodynamic device designed to
measure the total droplet cortent of the plume. If both drift as well as
recondensate are present in the plume, this instrument cannot be used to
determine the drift mass flux alone. Furthermore, in order to function properly,
the plume sample must be in nonsuperheated thermodynamic equilibrium.

The heating psychrometer consists of two major components, an
evaporator and a psychrometer. The system draws a plume sample isokinet-
ically. The sample is then heated so that all droplets evaporate and an
unsaturated state is reached. The droplet content of the plume (in units of
grams of water per kilogram of dry air) is then determined to be equal to the
difference between the humidity measured with the psychrometer and the
saturation humidity of the plume.

As is the heating psychrometer, the double calorimeter is a
thermodynamic device designed to yield the instantaneous droplet content of a
nonsuperheated plume sample in thermal equilibrium.* It consists of two
consecutive heating stages made of aluminum which are connected by poly-
amide tubes. Platinum resistance thermometers are installed in the inlet section
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of the system, in the tube between the first and the second heating chamber,
and downstream of the second heating chamber. In the first heating chamber,
all dropiets are evaporated. The heating power for the two heating chambers is
known. This information together with a knowiedge of the temperature rise
" across the two heating stages can be used to determine both the droplet and
total moisture contents of the plume sample.

While measurement methods based upon thermodynamic principles alone
cannot be used to measure drift flux (if both drift and recondensate are entrained
in the plume), the condensing apparatus can be used regardiess of whether or
not recondensate is present.* However, the assumption is-made that the
dissolved solids contained in the plume are exclusively dissolved in the drift
droplets and that the conoentahon in the drift is the same as that in the
circulating cooling water. In this g, either a conductivity measurement or a
chemical analysis of the collected water sample will yueld the drift fraction of the
total collected water mass.

During operation of the condensing apparatus, a small portion of the flow
is withdrawn isokinetically and cooled inside a helix. In the cooling helix, the
condensing moisture produces a film in which the entrained drift droplets as well
as its dried residue are trapped. The liquid fiowing down the cooling helix is
then collected in a container, and the electrical conductivity of the sample
measured. Using this measurement, the drift fraction of the condensate can be
determined based on a similar measurement perforrned on a water sample from
the tower basin.

3.3.5 Methods Comparison

Based on a review of available methods, it was determined that no one
technique is entirely suitable for the measurement of cooling tower drift. Each
-exhibits certain inherent problems which limit the collection of representative drift
data. Collaborative testing of the various methods at a well characterized and
instrumented tower would be required to identify the individual technique or
combination of techniques which best represent the total drift emissions from wet
cooling towers.

- The oniy attempt to conduct a comparison of various drift testing methods
was performed by the Massachusetts Institute of Technology (MIT) in the early
1980s.* Nine different techniques (i.e., 1 coated-slide, 2 sensitive paper,

2 cyclone separators, 1 double calorimeter, 1 heating psychrometer, and 2 con- -
" densers) were evaluated by MIT in a small wind tunnel equipped with a laser
light scattering instrument for drift measurement. The laser instrument had a
range of droplet size between - 100 to 1,400 um in diameter. Droplets were
generated by a spray nozzie located downstream of the flow straightener. Of the
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methods evaluated, all were found to be acceptable under certain conditions and
not acceptable in others.* Thus, no fim conclusions could be drawn from the

MIT study.

Finally, when reviewing the various references described in Section 4, the
measurement method used by the testing firm was considered in the quality
rating for the data set (see Section 3.2). Since there is no “generally accepted
methodology* for drift testing at present, it was decided that EPA Method 13A
would be considered as the “reference” method for data evaluation. Although
Method 13A may or may not be better than the other techniques discussed
above, it is a formally established protocol and has been evaluated by EPA for
other source categories. As such, this method will be used in this report as the
seference” method to rate the experimental data contained in each of the various
documents. :

3.4 PM-10 MEASUREMENT METHODS

PM-10 is generated by wet cooling towers when the drift droplets
evaporate leaving fine particulate matter formed by crystallization of dissolved
solids in the cooling water. Because these particies are normally formed some
distance downwind of the cooling tower, a direct measurement of PM-10
emissions cannot be made. Instead, an indirect technique must be used
whereby the droplets are first evaporated, with the resulting solid particles being
size classified using some form of inertial separator.

At present there are no “recognized" methods for the measurement of PM-
10 from cooling towers, and thus very littie actual data are available. The tech-
nigues which have been employed consist of drift sampling using either an
unheated or heated cascade impactor. The material coliected on the various
stages is then either chemically or gravimetrically analyzed. PM-10 emissions are
calculated based on the concentration of one or more elements found on each
stage or on the total mass collected on each stage.

Because littie data are available on the PM-10 emissions from wet cooling
towers, the development of applicable emission factors is difficult. However,
available data indicate that ail solid, dry particulate matter generated from droplet
evaporation is very fine and definitely in the PM-10 size range.>" Therefore, if it
is assumed that: (1) the dissoived solids content of the drift droplets is the same
as that of the circulating water; and (2) all dissolved solids create PM-10 size
particles, the “apparent” PM-10 emission rate can be caiculated from total drift
measurements (if the total dissolved solids content of the circulating water is
known). This approach was used in the development of the PM-10 emission
~ factors shown in Section 4.3.2 of this report. The quality of the data and
resulting emission factors were rated accordingly.
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3.5 EMISSION FACTOR QUALITY RATING SYSTEM

The quality of the emission factors developed from analysis of the test
data was rated utilizing the following general cntena

- Excelient: Developed only from A-rated test data taken from
many randomily chosen facilities in the industry population. The
source category* is specific enough to minimize vanablhty within

- the source category population.

B - Above average: Developed only from A-rated test data from a
reasonable number of facilities. Although no specific bias is
evident, it is not clear if the facilities tested represent a random
sampile of the industries. As in the A-rating, the source category is
specific enough to minimize variability within the source category
population.

C - Average: Developed only from A- and B-rated test data from a
reasonable number of facilities. Although no specific bias is
evident, it is not clear if the facilities tested represent a random
sample of the industry. As in the A-rating, the source category is
specific enough to minimize variability within the source category
population.

D - Below average: The emission factor was developed only from
A- and B-rated test data from a small number of facilities, and there

" is reason to suspect that these facilities do not represent a random

sampie of the industry. There aiso may be evidence of variability
within the source category population. Limitations on the use of the
emission factor are footnoted in the emission factor table.

E - Poor: The emission factor was developed from C- and D-rated
test data, and there is reason to suspect that the facilities tested do
not represent a random sample of the industry. There also may be
evidence of variability within the source category population.
Limitations on the use of these factors are always footnoted.

The use .of the ab_ove criteria is somewhat subjective, depending to a large extent
on the individual reviewer. Details of how each candidate emission factor was
rated are provided in Section 4.3.

* Source category: A category in the emission factor table for which an
emission factor has been calculated (generally a single type of cooling tower).
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SECTION 4

PARTICULATE EMISSION FACTOR DEVELOPMENT

The following section outlines the data and methoddlogy used to develop
particulate emission factors for cooling towers.

4.1 DOCUMENT REVIEW

Some 72 reference documents were collected and reviewed during the
literature search conducted for this study. These documents are listed in
Table 4-1 along with an indication as to whether the document contains. PM-10

data.

The original group of 72 documents was reduced to a final set of 16 pri-
mary references utilizing the criteria outlined in Section 3.1. For those reference
documents not used, Table 4-2 summarizes the reason(s) for their rejection.

4.2 EVALUATION OF SPECIFIC DATA SETS

. The following is a discussion of the data contained in each of the primary
references used in the development of candidate emission factors, according to
reference number and date of publication.

4.2.1 Reference 1a (1990)

Reference 1a is a set of three reports for tests performed on three cooling
towers California refinery. All towers tested were induced draft, coumter-flow
" units supplying cooling water to process heat exchangers. One tower (Fluor)
had 4 cells; the second (Fluor/Ecodyne), 5 cells; and the last tower (boric acid),
2 cells.
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Table 41 (Continued)

24,

27.

28.
29.

30,

31.
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Paducah, Kentucky. EMB Report 85-CCT-2. U.S. Environmental Protection
Agency, Flasaarch Triangle Park, North Carolina, October.

Entropy Environmentalists (1986-d). Cooling Tomrs Drift Methods Study,
Chromium Method Development and Evaluation Report, Munters Corporation
Fort Meyers, Florida. EMB Report 85-CCT-1. U.S. Environmental Protection -
Agency, Research Triangle Park, North Carolina, October. '

Letter (and associated attachments) from Dr. William Dunn of the University of
linois at Urbana-Champaign to Mr. David Layland of the U.S. Environmental
Protection Agency, Research Triangle Park, North Carolina, May 28, 1986.

‘Golay, M. W,, et al. (1986). Comparison of Methods for Measurement of Cooling

‘Tower Drift. Atmos. Env., 20:2, 269-291, February.

Wilber, K. and K. Vercauteren (1986). Comprehensive Drift Measurements on a
Circular Mechanical Draft Cooling Tower. Jour. Cooling Tower Inst, 7.2, 34-

35/38-44/47, February.

Midwest Research Institute (1986). Background Information Document, Chapters
3 Through 6 and 8 for Chromium Emissions from Industrial Process Cooling
Towers. Draft Report, U.S. Environmental Protection Agency, Research Triangle
Park, North Carolina, February 12,

American Petroleum Institute (1985). Particulate Emissions from Non-Fired
Sources in Petroleum Refineries: A Review of Exnstlng Data. API Publication
4363, Washington, D.C.

Midwest Research Institute (1984-a). Cooling Tower Drift Test Repdrt for
Unnamed Client of the Cooling Tower Institute, Houston, Texas, December.

Midwest Research Institute (1984-b). Cooling Tower Drift Test Report for
Unnamed Client of the Cooling Tower Institute, Houston, Texas, August.

Radian Corporation (1984). Locating and Estimating Air Emissions from Sources
of Chromium. EPA-450/4-84-007¢g, U.S. Environmental Protection Agency,

. Research Triangle Park, North Carolina, July.

Strauss, S. D. and P. R. Puckorius (1 984) Cooling-Water Treatment for Control
of Scaling, Fouling, Corrosion. Power. June.

(continued)'
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Table 4-1 (Continued)

36.

37,

38.

39,

40.

a1..

Spivey, J. J., et al. (1984). Preliminary Assessment of Hazardous Waste
Pretreatment as an Air Poliution Control Technique. Draft Report, U.S.
Environmental Protection Agency, Cincinnati, Ohio, February.

Golay, M. W., et al. (1984). Comparison of Alterative Methods tor Measuring
Cooling-Tower Drift. ' CS-3355, Electric Power Research Institute, Palo Alto,
California, February. ’ '

Midwest Research Institute (19837). Cooling Tower Drift Test Report for
Unnamed Client, Kansas City, Missouri, November.

Park, S. H. (1882). Cooling Tower Drift Deposition Study at the ORGDP. Final
Report, U.S. Department of Energy, Oak Ridge, Tennessee, November 2.

Park, S. H. (1981-a). Cooling Tower Drift Study at the Oak Ridge Gaseous
Diffusion Plant. K/ET-5021, U.S. Department of Energy, Oak Ridge, Tennessee.

Policastro, A. J., et al. (1981). Studies on Mathematical Models for
Characterizing Plume and Drift Behavior from Cooling Towers; Volume 5:
Mathematical Model for Multiple-Source (Multiple Tower) Cooling Tower Drift
Dispersion. CS-1683, Volume 5, Research Project 906-1, Electric Power
Research Institute, Palo Alto, California, January.

Dunn, W. E., et al. (1981). Studies on Mathematical Models for Characterizing
Plume and Drift Behavior from Cooling Towers; Volume 3: Mathematical Model
from Single-Source (Single Tower) Cooling Tower Drift Dispersion. CS-1683,
Volume 3, Research Project 906-1, Electric Power Research Institute, Palo Alto,
California, January. *

Policastro, A. J. and M. Wastag (1981). Studies on Mathematical Models for
Characterizing Plume and Drift Behavior from Cooling Towers; Volume 1:
Review of European Research. CS-1683, Volume 1, Research Project 806-1,
Electric Power Research Institute, Palo Alto, California, January.

Park, S. H. (1981-b). Cooling Tower Drift Study-Drift Measurement and Analysis
of the Measuring Technique. K/ET-5020, U.S. Department of Energy, Oak Ridge,
Tennessee, January.

Webb, R. O. and:K. R. Wilber (1980). Observed Variations in Drift Emissions
from Mechanical Draft Cooling Towers. TIN 81-1732, IAHR Cooling Tower
Workshop, San Francisco, California, September 22-25.

(continued)
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Tabie 41 (Continued)

42,

45,

46.

47,

48.

48,

50.

81,

52.

53.

4-6

Saari, D. P. and H. A. Hanson (1980). Effective Sampling Techniques for
Particulate Emissions from Atypical Stationary Sources. EPA-600/2-80-034. U.S.

- Environmenttal Protection Agency, Research Triangle Park, North Carolina,

January.

Overcamp, T. J. and G. W. Israel (1979). Sensitivity Analysis of a Salt Deposmon
Model for Natural Draft Cooling Towers Atmos. Env 13, 61-69.

Policastro, A. J., et al. (1978). Investngatton‘of Mathematical Models for Cboling
Tower Plumes and Drift, Trans. Am. Nucl. Soc., 33, 178-178.

Laulainen, N. S., et al. (1978). Comprehensive Study of Drift from Mechanical
Draft Cooling Towers. PNL-3083, UC-12, Final Report, U.S. Department of
Energy, Richland, Washington, September. ‘

Mever, J. H. and W. D. Stanbro (1978). Fluorescent Dye, A Novel Technique to
Trace Cooling Tower Drift. Proceedings, 4th Jomt Conference on Sensing of
Environmental Poliutarits.

Taylor, F. G., et al. (1978). Cooling Tower Drift Studies at the Paducah,
Kentucky Gasaous Diffusion Plant. ORNL/TM-6131, Environmental Systems
Division Publication No, 1275, Oak Ridge National Laboratory, Oak Ridge,
Tennessee, December.

Chen, N. C. and L. Jung (1978). A Mathematical Model of Drift Deposition from
a Bifurcated Cooling Tower Plume. Atmos. Env., 12:10, 1968-80, October.

Chen, N. C. J. and 8. R. Hanna (1978). Drift Modeling and Mohitoring
Comparisons. Atmos. Env., 12:8, 1725-1734, August.

Park, S. H. and J. M. Vance (1978). Cooling Tower Drift Study at Oak Ridge
Gaseous Diffusion Plant. K/GD-1917, U.S. Department of Energy, Oak Ridge,
Tennessee, May.

Meteorology Research inc. (1978). Airborne Monitoring of Cooling Tower
Effluents for Corvallis Environmental Research Lab, Oregon, April.

Meyer, J. H. and William Stanbro (1977). Chalk Point Cooling Tower Project,
Volume 1 and 2. JHU PPSP-CPCTP-16, John Hopkins University, -Laurel,
Maryland, August,

Golay, M. W. (1877). Comparative Performance Evaluation of Current Design
Evaporative Cooling Tower Drift Eliminators. Atmos. Env., 11:8, 775-81, August.

(continued)




Table 4-1 (Continued)

58.

60.

61.

62.

63.

g85.

Chan J. K. and M. W. Golay (1977). Comparative Evaluation of Cooling Tower
Drift Eliminator Performance. MIT-EL 77-004. Report prepared by
Massachusetts Institute of Technology, Energy Laboratory and Department of
Nuciear Engineering, June.

Johns Hopkins University (1977). Salt Loading, Modeling, and Aircraft Hazard
Studies (Chalk Point Cooling Tower Project). Applied Physics Laboratory,
Baltimore, Maryland, August. -

Israel, G. W., et al. (1977). A Method to Measure Drift Deposition from Saline
Natural Draft Cooling Towers. Atmos. Env., 11:2, 123-1 30, February.

Hill, G. B. (1976). Cooling Towers for Air Conditioning Systems. Heat. and Vent.
Eng., 50:588, 14-17, August. ’

Schrecker, G. O. and C. D. Henderson (1976). Experience with Cooling Tower
Materials. Proceedings of the American Power Conference, Volume 38, 740-785,

April.

American Society of Mechanical Engineers (1975). Cooling Tower Plume
Modeling and Drift Measurement. Research Committee on Atmospheric _
Emissions and Plume Behavior from Cooling Towers, New York, New York.

Burger, R. (1975). Cooling Tower Drift Elimination. Chem. Eng. Progr., 71:7,
85-88, July. :

Sussman, S. (1975). Facts on Water Use in Cooling Towers. Hydro. Process.,
147-153, July.

Schrecker, G. O. et al. (1975). Drift Data Acquired on Mechanical Salt Water
Cooling Devices. EPA-650/2-75-060, U.S. Environmental Protection Agency,
Washington, D.C., July.

Hanna, S. R. and J. Pell [Eds.] (1874). Cooling Tower Environment-1974.
CONF-740302, Proceedings of a Symposium at the University of Maryland, U.S.
Energy Research and Development Administration, Washington, D.C.

Roftman, A. and L. D. Van Vieck (1974). The State-of-the-Art of Measuring and
Predicting Cooling Tower Drift and hts Deposition. JAPCA, 24:9, 855-859,
September.

Furlong, D. (1974). The Cooling Tower Business Today. Env. Sci. Tech., 8:8,
712-716, August.

(continued)
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Table 41 (Continued)

66. Hanna, S. R (1974). Fog and Drift Deposition from Evaporahve Cooling Towers.
Nuc. Safety, 15:2, 190-196, March/April.

67. Tsai, Y. J. and Johnson, D. H. (1974). Coolmg Tower Drift Model Modelmg and
Simulation, 5:143, 24-286, Apnl

68. Hawkins, P. (1971). The Thermal and Functional Design of Natural Draught
Cooling Towers. Cham Eng., No. 253, 328-333, September '

69. McKelvey, K. K and M. Brooke (1959). The Industrial Caolmg Tower. Elsevier
Publishing Company, Amsterdam. -

* Indicates documents containing PM-10 data.




Table 4-2. DOCUMENTS REVIEWED BUT NOT INCLUDED IN EMISSION

FACTOR DEVELOPMENT
Reference No. Cause(s) for rejection

2 Not original source of test data

3 Not original source of test data

ry Not original source of test data

7 Not original source of test data

9 Not original source of test data
10 Does not contain raw data sheets
11 Did not give a % drift to calculate emission factor
12 Does not contain raw data sheets
13 Did not give a % drift to calculate emission tactor
14 Does not contain raw data sheets
16 Not original source of test daia
19 EPA recommendation; problems with analytical method
20 EPA recommendation; problems with analytical method
21 EPA recommendation; problems with analytical method
pr] Does not corntain raw data sheets
23 Not original source of test data
24 Comparison of emission measurement methods; no test data
25 Not original source of test data
26 Not original source of test data
27 Not original source of test data
30 Not original source of test data
31 Study of cooling tower water treatment; no test data
32 Organic emission data summarized; no drift data

33 Wind tunnel comparison of emission measurement methods;
no field test data

35 Not original source of test data
36 Not original source of test data; missing pages
37 Not original source of test data |

MR-OTS\R10-34
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Table 4-2 (Continued)

Reference No. Cause(s) for rejection

38 Not original source of test data

39 Not original source of test data

40 Not original source of test data

41 - Not original source of test data

42 Methods study only; no test dats

43 Not original source of test data

44 Not original source of test data

45 Not original source of test data

46 ‘Not original source of test data

47 Lack of process data to calculate emission factors
48 Not original source of test data

49 Not original source of test data

50 Not original source of test data

51 Not original source of test data

53 No test data: Efficiency of eliminators

S5 No test data: Drift eliminator performance

56 Not original source of test data

57 No drift data: Cooling towers for air conditioning systems

58 Not original source of test data

50 . Not original source of test data

60 No test data: Drift elimination

61 Not original source of test data

63 Proceedings: Not original test reports

65 Not original source of test data

66 Not original source of test data

67 No test data: Computer mode! description
68 No test data: Design information

69

No test data: Models only
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Testing for total drift was performed using a Modified Method 13A
impinger train with elemental composition of drift residue determined by ICAP.
For PM-10, a sampling train was used consisting of: a metai sampling nozzle; a
heated inlet section (for droplet evaporation); a heated Andersen Mark lll
cascade impactor with backup filter (for size classification of solid particles); and
a Modified Method 13A impinger train. One cell of each tower was tested for
both total drift and PM-10.

The calcuiated drift rates and PM-10 fraction for the three tower cells
tested are provided below. Appropriate excerpts from the test report have been
included in Appendix A.

Total drift Total drift Percent
Tower from MM13A train  from PM-10 train PM-10
designation (% circ. flow)* (% circ. flow)® fraction*
Fluor Tower 0.00550 0.00418 922
(4-cell) |
Fluor-Ecodyne 0.00607 0.00422 97.4
Tower (5-cell) :
Ecodyne 0.00943 0.00372 95.1
(2-cell)

* Average drift for three tracer elerents as determined from Modified
EPA Method 13A impinger train. Percent of circulating water flow.

b Average drift for three tracer elements as determined from total catch
in the PM-10 sampling train. Percent of circulating water flow.

¢ Percent of material collected in the impactor/impinger sampling train
< 10 pm in aerodynamic diameter (i.e., PM-10) without the material

- collected in the nozzle and heated inlet. However, the nozzie and
inlet catch are also suspected to be in the PM-10 size range.

Upon review of the reports included in Reference 1a, it was determined
that the sampling procedures used and test results obtained were reasonably
well documented. However, quality assurance procedures were lacking in the
documentation provided. In addition, the method used for determination of
PM-10 is unproven, and thus the data are autornatically suspect. For these
reasons, a rating of B was assigned to the total drift data and a rating of D to the
PM-10 data contained in Reference 1a.
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4.22 Reference 1 (1990)

Reference 1 is the report of a research and development drift test on one
cell of a 4-cell, mechanical-craft, counter-flow cooling tower located at a typical
industrial facility. " This test was performed using Modified EPA Method 13A as
the test procedure to isokinetically sample stack exhaust emissions.

: The calculated drift rates for the cooling tower cell sampled were
'0.00204% of circulating water fliow (Mg tracer) and 0.00278% of circulating water

flow (Na tracer), respectively. The average dirift rate was 0.00241% for the cell

sampled. Appropriate excerpts from the test report have been included in

Appendix B.

* Upon review of Reference 1, it was determined that the sample procedure
used and the test results obtained were reasonably well docurmnented. However,
quality assurance procedures were not provided in the report. Therefore, the
test data were assigned a rating of B.

4.2.3 Reference 2a (1989)

Reference 2a is another test of two towers (Sulfate No. 2 and No. 4)
located at the same facility tested in References 10a and 18. The Sulfate No. 2
tower is an induced draft, counter-flow unit having two cells. A coil heat
exchanger is used in the Sulfate No. 2 tower. The Sulfate No. 4 unit is an
induced draft, cross-flow tower with two cells and 1-in (nominal) redwood fill.
Both towers are equipped with pressurized water distribution systems.

Tests were conducted on both towers for total drift and PM-10. Total drift
was determined using a heated bead sampling train equipped with water trap
and backup filter. PM-10 was determined by an unheated Andersen Mark Il
cascade impactor. Total drift emissions were calculated from chemical analyses
of sodium and sulfate (as suifur) collected in the heated bead train. PM-10 was
determined from gravimetric analysis of the collection substrates. The test data
are summarized as follows:

: Sulfate No. 2 Sulfate No. 4
Total drift emissions (% of | 0.0004 0.0003
circulating water flow)
PM-10 emission rate (Ib/h) 0.243 0.291

Excerpts from the document are included in Appendix C.
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From a review of the subject report, it was detenmined that the test
methods and resulting data were reasonably well documented. Calculations
" were also presented for the total drift values presented above. However, 2
number of potential problems were noted with the test data.

First, as discussed in Section 3.3, the heated bead method has certain
inherent problems which are believed to substantially affect data quality. Also,
the small amount of material collected on. the impactor substrates and backup
filter (i.e., 1,200 ug for the entire train) macle accurate gravimetric analysis
difficult. iIn addition, as far as could be determined, the impactor was not heated .
to eliminate moisture from the drift droplets and thus allow solid material to be
collected on the various stages. This would tend to affect overall sample col-
lection and thus data quality. For these reasons, a rating of C was assigned to
the total drift data and a rating of D to the PM-10 data contained in Reference 2a.

4.2.4 Reference 5 (1989)

Reference 5 is the report of a dirift test on two cells of a 7-cell, induced-
draft, counter-flow cooling tower located at a power plant. The test was
performed using Modified EPA Method 13A.

The calculated dirift rates for Cell E lie between 0.0507% and 0.0918% of
circulating water flow, depending on which of three tracers was used. The
calculated drift rates for Cell F lie between 0.0394% and 0.0700% of water flow,
again depending on which of the three tracers was used. The average drift rate
from both cells was 0.0581%. Pertinent sections of the test report are provided
in Appendix D.

After reviewing Reference 5, it was determined that the sampiling procedure
used and test results obtained were reasonably well described. However, quality
. assurance procedures were not provided. Therefore, the test data received a
rating of B. ‘

4.2.5 Reference 6 (1988)

Reference 6 is the report of a drift test on two cells of a 7-cell, induced-
draft, counter-flow cooling tower located at a refinery. The test was performed
using Modified EPA Method 13A.

The calculated drift rates for fan stack No. 1 lie between 0.0077% and
0.0348% of circulating water flow, depending on which one of four tracers was
used. The calculated drift rates for fan stack No. 5 lie between 0.0063% and
0.0146% of water flow, again depending on the tracers used. The average drift
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rate from both fan stacks was 0.0168%. Pertinent sections of the test report are
provided in Appendix E. ‘

After reviewing Reference 6, it was determined that the sampling
procedure used and test results obtained were fairly well documented. However,
quality assurance procedures were not provided in the report. Therefore, a
rating of B was assigned to the test data.

4.2.6 Reference 8 (1988)

Reference 8 is the report for a drift test performed on one fan stack of a
4-cell, induced-draft, cross-flow cooling tower located at a power plant. The test
was conducted using Modified EPA Method 13A isokinetic sampling techniques.

The calculated drift rates (in % of circulating water flow) for the cooling
tower cell tested are: 0.0540% (Na tracer); 0.0543% (Mg tracer); and 0.0522% of
water flow (Ca tracer). The average drift rate was 0.0535%. Appropriate
excerpts from the test report are included in Appendix F.

After reviewing Reference 8, it was determined that the sampling pro-
cedure used and test results obtained were reasonably well documented.
However, quality assurance procedures were not provided in the report
Therefore, a rating of B was assigned to the test data.

4.2.7 Reference 10a (1987)

Reference 10a is a retest of two towers (Argus and Sulfate No. 2) located
at the same facility described in Reference 18. The Argus tower is an induced-
draft, cross-flow unit consisting of four cells with a wood lath mist eliminator.
Sulfate No. 2 is an induced-draft, counter-flow tower with two cells and single-
pass Thermatec mist eliminators. Both towers are equipped with a pressurized
water distribution system. :

One cell of each tower was tested using both a heated bead sampling
train (with water trap) and water-sensitive paper. Six traverses were performed
on the Argus tower and four traverses on the Suliate No, 2 tower. Appropriate
pages from the test report have been included in Appendix G. The test results
are as follows: ‘
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Drift fraction based on  Drift fraction based on

sodium concentration Na mass fiux
Traverse . Tower (% of circ. water flow) (% of circ. water flow)

1 Argus 0.0273 0.0219

1a Argus 0.0109 - 0.0111

1 Argus | 0.0104 0.0147

2 Argus . 0.0101 . 0.0146

3 Argus - .00127 0.0169.

4 Argus 0.0087 - - 0.0124

1 Sulfate No. 2 0.0021 0.0032

2 Sulfate No. 2 ~ 0.0011 0.0021
3&4 Sulfate No. 2 0.0015 0.0022

Upon review of the subject document, it was determined that documen-
tation with respect to the calculation scheme used to derive the above values
was not presented. Similar (but not identical) values to those reported were
obtained using the equations provided in Reference 18. Also, as merntioned
previously, the heated bead method has several inherent problems which could
effect data quality. For these reasons, the test data received a rating of C.

4.2.8 Reference 15 (1987)

Reference 15 is the report for a drift test peﬁonﬁed on two cells of an
18-cell, induced-draft, counter-fiow cooling tower located at a fuel plant. This test
was performed using Modified EPA Method 13A.

The calculated drift rates (in % of circulating water flow) for the "T" cell are:
0.020% (SiO, tracer); 0.018% (CI™ tracer); 0.012% (SO, tracer); and 0.013% (Na
tracer) of water flow. Drift rates for the "R" cell are: 0.042% (SIO, tracer); 0.025%
(CI” tracer): 0.019% (SO, tracer); and 0.021% (Na tracer) of circulating water
flow. The average drift rate for both cells is 0.021% of water flow. Appropriate
excerpts from the test report are included in Appendix H.

Upon review of Reference 15, it was determined that the sampiing
procedure used and the test results obtained were reasonably well documented.
However, quality assurance procedures were not provided. Therefore, a rating
of B was assigned to the test data.
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4.2.9 Reference 17 (1987)

Reference 17 is the report of a drift test on one cell of a 4-cell, induced-
draft, counter-flow cooling tower located at a chiller station. The test was
performed using Modified Method 13A. .

‘The calculated drift rate for the cooling tower cell samplied was 0.007% of
circulating water fiow. Appropriate exeerpts from the test report have been
included in Appendix |. A

Upon review of Reference 17, it was determmed that the sample
procedure used and the test resuits obtained were reasonably well documented.
However, quality assurance procsdures were not provided in the report.
Therefore, a rating of B was assigned to the test data.

4.2.10 Reference 18 (1986)

Reference 18 is the report of drift tests on six cooling towers at a chemical
plant in California. All six were induced-draft cooling towers with either a cross-
fiow or counter-flow heat transfer configuration.* Testing was performed using a
heated bead sampling train.

The calculated drift fractions were: 0.0057% of water flow (Borax cooling
tower); 0.0092% (Sulfate No. 1 cooling tower); 0.0035% (Sulfate No. 2 cooling
tower); 0.0457% (Sulfate No. 3 cooling tower); 0.0030% (Sulfate No. 4 cooling
tower); 0.0011% (Lime cooling tower); 0.0011% (No. 11 cooling tower); 0.0024%
(No. 14 cooling tower); 0.0113% (Argus cooling tower). Appropriate excerpts
- from the test report have been inciuded in Appendix J.

The data in the test report were given a rating of D because the report
lacked suificient quality assurance procedures. Also, there was a notation
indicating that some of the data had been changed without an explanation.

4.2.11 Reference 28 (1984)

Reference 28 is the report of a drift test on one cell of a 4-cell, induced-
draft, cross-flow cooling tower located at a refinery. The test was performed
using isokinetic sampling of stack exhaust emissions using an EPA
Method 13A-type impinger train and neutron activation analysis of the drift
residue. Sodium bromide was used as a tracer in the basin water.

* Sulfate No. 2 and Argus cooling towers were retested in Reference 10a.
Sulfate No. 2 and Sulfate No. 4 cooling towers were retested in Reference 2a.
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The calculated drift rate for the cooling tower cell sampled was 0.0104% of
circulating water flow. Appropriate excerpts from the test report have been

included in Appendix K.

The test method and resuits were well documented, and the test data
were rated A. _

4.2.12 Reference 29 (1984)

Reference 29 is the report of a dirift test on one cell of a 2-cell, induced-
draft, cross-flow cooling tower at a refinery. The test was conducted using a
Method 13A-type impinger train and neutron activation analysis of the drift
residue. The basin water was also spiked with sodium bromide to provide a
tracer.

The calculated drift rate for the cooling tower cell sampled was 0.034% of
circulating water flow. Appropriate excerpts from the test report have been
included in Appendix L . -

The test method was well described, but certain test data were not well
documented or were inconsistent. Consequently, the test data were rated C.

4.2.13 Reference 34 (19837)

Reference 34 is the report of a drift test performed on a single-cell,
induced-draft, cross-flow cooling tower equipped with a poorly maintained wood
slat mist eliminator. A physical inspection of the tower showed it to be in poor
condition. The test was periormed using a Method 13A-type impinger train. The
recirculating water was also spiked with NaBr. The calculated dirift rate for the
.cooling tower was 0.0305% of the circulating water flow.

The sampling procedures were adequately documented. Some original
test data were only summarily reported, and other data were not reported.
Quality assurance procedures were also not documented. Consequently, the
test data in this report was assigned a D rating. Appropriate portions of the test
report are included in Appendix M.

4.2.14 References 52 and 54 (1977)

References 52 and 54 complete a 2-volume report on emissions from a
recirculating, natural-draft cooling tower at a power piant in Maryland. The tests



were performed using a rhodamine dye tracer, a laser light soattenng instrument
(PILLS 1), and sensitive paper.

The calculated drift fraction (droplet fiux) for the cooling tower cell
sampled was 0.00088% of circulating water fiow. Appropriate excerpts from the
test report can be found in Appendix N.

Review of both documents gave adequate coverage of quality assurance
and test data, but limited information was given regarding characteristics of the
cooling tower. The results obtained were not readily traceable,.and vital
information was missing for application to a current model. Also, the test
methods used have not been adequately verified. Therefore, a rating of D was
assigned to the test data contained in both references.

4.2.15 Reference 62 (1975)

Reference 62 is a report of drift emissions from a single-cell, induced-dratt,
cross-flow cooling tower located at a power plant in Florida. The tower was
equipped with a long-cell honeycomb mist eliminator. Tests were performed
using a laser light scattering instrument (PILLS ll-A), sensitive paper, and a
heated bead sampling system.

The calculated drift fraction (flux) for the cell was 0.00027% of circulating
water flow. Appropriate excerpts from the test report can be found in
Appendix O. _

Although the reference lacked detail regarding the calibration of
instruments, the review has shown a well documented test procedure. The test
procedure used also may have problems affecting data quality as discussed
above. Therefore, a rating of C has been assigned to the test data.

4.3 DEVELOPMENT OF CANDIDATE EMISSION FACTORS
4.3.1 Total Drift Emissions

Based on availabie test data, total drift emission factors were developed
for both induced draft and natural draft wet cooling towers, To develop the
candidate emission factors (Table 4-3), average values were calculated from the
test results contained in the various reference documents in terms of percent of
circulating water flow (i.e., 1072 gal drift/gal water flow) as well as mass per unit
circulating water volume (i.e., Ib liquid drift/gal circulating water flow). These
calculations, along with applicable supporting data, are provided in
Appendices A to O for each of the 16 reference documents.
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As can be observed from the emission factors shown in Table 4-3, the
calculated values span several orders of magnitude. Also, in most cases, the
type of mist eliminator used for dirift control was not specified in the test report.
For those data sets where the mist eliminator was specified, no logical trend was
discerned in the drift data with respect to control efficiency vs. emissions (e.g.,
lower drift for high efficiency eliminators). For these reasons, it was decided to
combine all A- and B-rated data sets in each source category to develop an
overall candidate emission factor, regardiess of mist eliminator type.

Therefore, to derive candidate emission factors for each source category,
the arithmetic mean of the individual A- and B-rated emission factors was
calculated in terms of percent liquid drift, Ib liquid drift/gal circulating water flow,
and g liquid drift/dkL (10' L) circulating water flow. Also calculated was the
standard deviation of the data set used to derive each candidate factor.

Due to the generally low quality and high variability of the test data, a
rating of D was assigned to the emission factors for induced draft cooling
towers. Also, because only one data set was available for natural draft towers, a.
rating of E was assigned to the candidate emission factor for this source
category.

4.3.2 PM-10 Emissions

As discussed above, fine particles in the PM-10 size range are produced
when drift droplets evaporate downstream of wet cooiing towers. These particles
are derived from the dissolved solids contained in the droplets emitted from the
tower. Large drift droplets (e.g., > - 100 pm) will settle from the plume close to
the tower with the smaller droplets being carried for considerable distances
downwind. As stated previously, PM-10 emissions must be determined from
indirect stack measurements using a sampling train which first evaporates the
- liquid droplets. : :

Very few measured PM-10 data were found in the reference documents
reviewed during the program. In fact, only two documents were identified as
containing information pertaining to the PM-10 emissions from cooling towers.

Of these two documents, only one (Reference 2a) actually reported PM-10
emissions from the tower. The other document (Reference 1a) reported only the
percent of the material collected in the sampling train that was less than or equal
to 10 um in aerodynamic diameter. Both reports did, however, indicate that 92%
to 100% of the total dissolved solids contained in the droplets were converted to
PM-10 upon evaporation (see calculations in Appendices A and C).
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Based on the review, it was determined that candidate emission factors for
cooling towers could not be developed from the existing PM-10 data alone.
However, it was also determined that data for total dissolved solids (TDS) were
available for an additional 12 cooling towers in other reports. Therefore, it was
decided to derive “apparent’ PM-10 emission factors for induced draft cooling
towers using the total drift emission factors shown in Table 4-3 and the
associated TDS concentration in the circulating water fiow.

in the emission factor calculations, it was caonservatively assumed that _
100% of the TDS in the dirift droplets (assumed to be equal to that in the circulat-
ing water) is converted to PM-10 size particles and thus emitted from the stack.
Also, no attempt was madie to account for gravitational settling of the larger drift
droplets near the tower. The PM-10 emission factors developed using this
approach are shown in Table 4-4. As can be seen, a rating of E was assigned
to the tactors since they are, at this point, only engineering estimates. A
validated test method and substantial additional data would be required to
develop an improved PM-10 emission factor for induced draft cooling towers.
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SECTION S
PROPOSED AP-42 SECTION FOR WET COOLING TOWERS

A proposed new AP-42 section for wet cooling towers is pmehted on the
following pages as it would appear in the document.
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11.4 WET COOLING TOWERS
71.4.1 Process Overview'

Cooling towers are heat exchangers which are used to dissipate large
heat loads to the atmosphere. They are used as an important component in many
industrial and commercial processee which need to digsipate heat. Cooling
towers may range in size from less than 5(10)¢ Btu/h (5.3(10)° kJ) for small
air conditioning cooling towers to over 5,000(10)¢ Btu/h (5,275(10)° kI/h) for

large power plant cooling towers.

Although cooling towers can be classified several ways, the primary
classification is inte dry towers or wet towers. However, some hybrid wet-dry
combinations exist. Subclassifications can include the type of draft and/or
the location of the draft relative to the heat transfer medium, the type of
heat transfer medium, the relative direction of air movement, and the type of

distribution system.

When water is used as the heat transfer medium, wet or evaporative
cooling towers may be used. Wet cooling towers rely on the latent heat of
evaporation of water to exchange heat between the process and the air passing
through the cooling tower. The cooling water may be an integral part of the
process or provide cooling via heat exchangers.

In wet cooling towers, the heat transfer is measured by the decrease in
the process temperature and a corresponding increase in the moisture content
and wet buldb temperature of the air passing through the cooling tower. (There
may also be a change in the sensible or dry bulb temperature; however, its
contribution to the heat transfer process is very small and is typically
ignored when designing wet cooling towers.) Wet cooling towers typically have
a wetted media called “fill" to promote evaporation by providing a large
surface area and/or by creating many water drops with a large cumulative
surface area. .

" cooling towers can be categorized by: the type of heat transfer; the
type of draft and location of the draft relative to the heat transfer medium;
the type of heat transfer medium; the relative direction of air and water
contact; and the type of water distribution system. Since evaporative cooling
towers are the predominant type and alsoc generate air pollutants, this section
is devoted to this type of tower. Diagrams of the various tower
configurations are shown in Figures 1l1.4-1 and 11.4-2.

11.4.2 Emissions and Controls®

Because wet cooling towers have direct contact between the cooling water
and the air passing through the tower, some of the liquid water may be
entrained in the air stream and carried out of the tower as "drift” droplets.
Therefore, the constituents of the drift droplets may be classified an
environmental emission source (i.e., particulate matter).

4/90 Miscellaneous Sources 11.4-1
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Figure 1ll.4-1. Atmospheric and natural draft cooling'towers.
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Figure 11.4-2. Mechanical draft cooling towers.
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The magnitude of drift loss is influenced by the number and size of
droplets produced within the eooling tower, which in turn is determined- by the
£i11 design, the air and water patterns, and other interrelated factors.

Tower maintenance and cperation can alsco influence the formation of drift
droplets. For example, excessive water flow, excessive air flow, and water
bypassing the tower drift eliminators c¢an promote and/or increase drift
emissions.

Since the drift droplets generally have the same water chemistry as the
water circulating through the tower, they may pose airborne emissions. Large
drift droplets settle .out of the tower exhaust air stream and deposit near the
tower. This can lead to wetting, icing, salt deposition, and related problems
such as damage to eguipment or vegetation. Since other drift droplets may
evaporate before being deposited in the area surrounding the tower, they can
also result in PM-10 emissions. PM-10 is generated when the drift droplets -
evaporate leaving fine particulate matter formed by crystallization of
dissolved solids. Dissolved solids found in cooling tower drift can consist
of mineral matter, chemicals for corrosion inhibition, etc.

N . _ .

In order to reduce the drift from cooling towers, Qrift eliminators are
usually incorporated into the cooling tower design to remove as many droplets
as practical from the air stream before exiting the tower. The drift elimi-
nators used in cooling towers rely on inertial separation caused by direc-
tional changes while passing through the eliminators. Drift eliminator
configurations include herringbone (blade-type), waveform, and cellular (or
honeycomb) designs with the cellular units generally being most efficient.

Like cooling tower £ill materials, drift eliminators may include various
materials such as ceramic, fiber reinforced cement, fiberglass, metal,
- plastic, and wood installed or formed into closely spaced slats, sheets,
honeycomb assemblies, or tiles. The materials may have other features such as
corrugations and water removal channels to further enhance the drift removal.

Table 11.4-1 provides available particulate emission factors for wet
cooling towers. Separate emission factore are given for induced draft and
natural draft cooling towers. Also note that the factors shown in
Table 11.4-1 most closely represent older towers with less efficient mist

elimination.
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APPENDIX A

EMISSION FACTOR CALCULATIONS AND REPORT EXCERPTS
FOR REFERENCE NO. 1A
(see Section 4.2.1 of text)



: Flooe Towre _(4' celle - %Hlbﬁc

CALCULATION SHEET
MRI Project 8987-35

Reference No. l a ~ Type of Facility: ZC ety
(e.g-, power plant)
Location of Facility: D‘ O CA Test Date “/ 57

| Type of Cooling Tower (circle one@ry Tower,
- Wet-Dry; Not Specified |

Fan ion (circle one as applicable): Forced Draft;
(Induced Draft; Not Specified

Heat Transfer Configuration (circle one as applicable}* Counterflow; )

Crossflow; Spray; Not Specified

Type. of. ransfer Media (circle one as applicable): Splash. Film;
Not Specified

Type of Fill (specify): N c:o't Q‘Dc'c Aec

Type of Hot. r Distribution System (cu'cle one as applicable):
Pressure System; Wravity System; Not Specified

Water Flow Configm'atmn (circle one as apphcable) Re/_@
Once-Through; Not Specified

Type of Mist Eliminator (specify): __ Nok  Qeec (o
\

© EMISSION RATE CALCULATIONS:
Measurement Method Used: \"L)é HC Oé IZA \o‘c‘l \(\ UQ (?'va: ol
l-\:nlc ¢ Am““"'i"v- T.. " Aoz - ’O (Q"‘" ve = \‘B\
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FD»VI '\> A-2 oC the -Lc"-_-‘- CCPO"""T'. ’m:l Bnc)r

¥-Ql/aecL Caleolat

NFA
NZA
NWT

EQT
BTC

2)

ECUIVALENT SAMPLING TIME (MINUTES)= 240
NOZILE DIAMETER (SQUARE FEET)e c.0e07%
WET FREE STACX AREA (SQUARE FEET)s L 24.42
WATERFLOV RATE PER CELL ( GPM )= 2,129.0

AIRFLOW RATE ( POUNDS DRY AIR/MIN)=» 23,778

DRIFT TEST RESULTS

TRACER BASIN TRACER DRIFT DRIFT " DRIFT
ANALYZIED CONC. HET WT. . RATE . MVOF N QF
(ueg9/q) (ecg) nl/min GPHM DRY AIR

)] 403.0 178.85 513 0.00636 0.0C475

Ll 3.2 1.29 474 0.3058% 0.Q0440

[ 13 1960.0 314.21 342 0.00425 ©.03317

AVERAGE DRIFT ALL OF TRACERS 442 0.00550 0.00423

RT-SLN Q( Ne:

% Drift = 106 * (NFA/NZA) * NWT/(WFR * EQT * BTC)

Net fan area (square feet)

Nozzle area (square feet)

Net weight of tracer in sampling train (mcg)
Water fiow rate (grams per minute)
Equivalent sample tiu (240 minutes)

Basin tracer -concentration (mcg/g)
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MRIED REPORT

. "~ Cooling Tower Test Report
. Drift and PM, , Tests T89-50

- | | - At the U.S. Borax Plant
‘ | | | ~ Refinery Cooling Tower
- _ in Boron, California,
| _ | | on a Fluor, 4-Cell,
i | | Mechanical-Draft, Counter-Flow
| | Cooling Tower

J
| For Westinghouse Electric Corporation
J | " Power Generation Business Unit
| The Quadrangle
1 | | | 4400 Alafaya Trail
| Orlando, Florida 32826-2399
J | |
i - MRI Project No. 9150-86

February 1, 1990

- MIDWEST RESEARCH INSTITUTE 425 Volker Boulevard, Kansas City, MO 64110-2290 + (816) 753-7600
| A-5




SECTION 7
RESULTS AND CONCLUSIONS
The fol'low'ing equat'lon is used by the MRI dr1ft computer program to
calculate the drift results:
% Drift = 100 * (NFA/NZA) * NWT/(WFR * EQT * BTC)

NFA = Net fan area (square feet)

NZA = Nozzle area (square feet)

NWT = Net weight of tracer in sampling train (mcg)
WFR = Water flow rate (grams per minute)

EQT = Equivalent sample time (240 minutes)

BTC = Basin tracer concentration (mcg/g)

The table below summarizes the resu'lts of the laboratory analysis and
drift calculations.

Tracer Basin

Tracer net wt. conc.
analyzed (mcqg) {mca/q) % Drift
B 139.70 837.0 0.00636
L~ 1.61 6.7 - 0.00589
Na - 316.70 1850.0 0.00425

The results of the drift test conducted for Westinghouse Electric
Corporation, Power Generation Business Unit indicate ths o, 1 of
the refinery cooling tower had an average drift rate ' the
circulating water rate. The average drift rate for The=tE sampled
should be representative of the drift rate of the tower since the tower
cell geometry and operating paramete ar. The test fiow of
2129 gpm and test water quality of{ 4200 pplll yJelds a mineral mass
emission rate of 0.246 1b/hr for the 8d. If the other three

cells of the tower perform the same, the mineral mass emission rate would
be 0.984 1b/hr for all four celils.
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The particle size distribution for the individual cascade impactor stages
was as follows: -

‘Part'lcle Captured on stage
size cutoff Weight ercent

1
Stage (Diameter um) (mcg) - (Stage) Cumulative
Probe > 10.30 430.0 43.76 43.76
No. 0 _ >10.30 2.9  4.37 48.12
No. 4 6.69 6.0 - 10.61 . 49,80
Impactor filter 1.66 57.9 5.89 55.69
Impingers < 1.66 398.9 40.59 96.29
Impinger filter < 1.66 36.5 3.71 100.00
Total ' 982.8 100.00

These data 1ndicate that 51.88% of all of the material recovered in the'
complete cascade impactor system was PM,,. If the material which coil-
lected on the inside of the nozzle and heated tube wall without reaching

the size classifica is omitted from the calculations, the
results indicate m the material recovered from the size
classification plate DM ogery

18
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FILE NAME : FB&=-0° .DFT PI-1E-199
UUN # : @ ] FERGERAM VES
LOCATION  : US BORAX - CELL #1 PMio . GaS26/89 VILT
BATE t 11-17-89 -

PROJECT # : 9150-84

EQUIVALENT SAMPLING TIME (MINUTES)= Zec
MOZZLE DIAMETER (SQUARE FEET)= = QL OO0T4
NET FREE STACK AREA (SQUARE FEET)= | : 214.41
WATERFLOW RATE PER CELL ( GPM )= | 2,129.¢
AIRFLOW RATE ¢ POUNDS DRY AIR/MIN}= - - z2.T10

DRIFT TEST RESULTS

TRACER EASIN = TRACER PRIFT PRIFT DRIFT
ANaLYZED CONC. NET WT. RATE “ OF % OF
: (meg/g) imcg) ml/min . GFm DRY alFR
E 7.0 129,70 292 G Q0TS82 Q.00199
LI &.7 l.61 419 CLO0S20 Q,0028&
Me 13T80.0 T16.70 299 QUIOCTTL Q,00204

AVERABE DRIFT ALL OF TRACERS prtery t:-.-;n:z:'_‘-'ub
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trloos | Ccostyue  towrf — o cells (T =)

CALCULATION SHEET
MRI Project 8987-35
p——
Reference No. o Type of Facility: ‘ZC'CM {
(c.g., power plant)

Type of Cooling Tower (circle one): @y Tower;

Wet-Dry; Not Specified

Type of Draft (dmhmemnmf: Draft;
Fan-Assist Natural Draft; : Not Specified

Fan Configuration (cucleoncasapphmble) Forced Draft;
ot Specified

Heat Transfer Configuration (circle one as applicable): C O\D
Crossflow; Spray; Not Specified (7| lecled

T, ransfer Media (circle one as applicable): Splash; Film;
Not Specified

Type of Fill (specify): MC"L %?&c@c:‘_

Type of r Distribution System (circle one as applicable):
~Pressure System,) Gravity System; Not Specified

Water. Flow Configuration (circle one as appli
Once-Through; Not Specified

Type of Mist Eliminator (specify): Aok Q@.Ga

EMISSION RATE CALCULATIONS:

Measurement Method Used: Mod. Heblod (34 = Toll \(\‘Cl (ZL: =)
l‘l@lﬁé AHCXP'SZ’V' _Ln-lP"C'('D(—'jH -10 Cl?c.-‘-mi—b\

90.5 SEV kinowy wicie 031490
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~Coun P A,-Z. ol d=d (e?o('l- /Z:_l-:l -_B.r:'q

EQUIVALENT SAMPLING TIME (MINUTES)s 240
NOZZLE DIAMETER (SQUARE FEET)= ' 0.00137
NET FRIE STACX AREA (SQUARE FEET)= - L 534,75
WATERFLOW RATE PER CELL ( GPM )s o . 4,4%9.0

AIRFLOW BATE ( POUNDS DRY AIR/MIN)= . . 29,804

DRIFT TEST RESULTS

TRACER BASIN TRACER DRIFT DRIFT ’ DRIFT

ANALYZED CONC. NET WT. RATE . % OF v OF
(aeg/g) (meg) al/sgin GPM DRY AIR

B 335.0 270.94 1,312 0.00778 0.00971

LI 2.2 1.51 1,109 " 0.00657 0.00821

L1 990.0 397.55 652 0.00386 0.00432

: Aﬁ;@: DRIFT ALL OF TRACERS 1,025 @ .o,.m-,,,
¥ C{/'@ l& Oﬁ.loulc.-(- ‘0% Q Nq .

% Drift = 100 * (NFAINZA) * NWT/(WFR * EQT * BTC)

‘Net fan area (square feet)

NFA =

NZA = Nozzle area (square feet)

NWT = Net weight of tracer in sampling train (meg)
WFR = Water flow rate (grams per minute)

EQT = Equivalent sample time (240 minutes)

BTC = Basin tracer cnn:entraﬂon (meg/g)

NGz 100 (Eh T HE 20755 wes.
| (000137 PRY 4459 x 3785 ,34/% Z4D o D ,/133

= O.CDSE’J‘?a oC Curgl.c.je-vi Lomiber Gw
_gé{ | | |

(NDLQ ‘{‘o"rcl chOr bsscé o “PHHO ey,.....l-,l ,,i .[.r,.-,,_,_ Q‘ NC=OCI>4227A
'Pf’f 'P ‘3—4- 'ePO‘% - . _ .

7 :
L L’-.l \u@ Cm:i—s-ow‘a. CG%%oM 1 Cwetﬁ'v 4 Q Q\l '\-Mr'e(s } ;.Qr:"er‘
g zeedY: £ 7

EF = 00007 8212 lL—,e Ac.@ gm(@"ruo«.é Q
™ fo'®)} Wm—o A-10 S\ ?&q\ Q




| 3
B:L:‘ Z'L"’i C-Taql 3"'@33 CI:E-JCC\C-M!-" DA Ba'umoﬂ-’qgﬁ_o%

VA PHAD Fresonm @'Le'

No valoe ’)rec.;e'a-:l-éé Vo (c- i Q-‘ _OH-[O ot e OH(
%@9‘ éﬂ-_:L(n‘BuL.-om (’E'P [%5 ? Y

‘,ASWM ‘ {oia,l \ r-@ Em:f;.%f:)h& Cc-, & eove
& 1ok %va_e.olu:'é ol dg = ,';703 'P‘P\w* CCD" .
Q74%" L Tog = PH-10 (Ko 3. 18D

‘Pdm-_-g.o(-aoy‘-uc-é d@ 2700 les.cdds o 0974 les P
: gel. 10 Qoo lo‘=_ ks Qe b sol.de

= L%’Z_Qog"’ s Pr]

Bt

\:)G«LA Z«‘L'fﬁ CT)H-l DS . B (UWFF"!T-_, qf‘uﬂoé 4 G-'s(cﬂ EM'%‘-‘.'OH

= ctDS
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MRI@D REPORT

Cooling Tower Test Report
Drift and PM, , Tests T89-51

At the U.S. Borax Plant

Refinery Cooling Tower, Cell No. 5
in Boron, California,

on a Fluor/Ecodyne, 1-Cell Addition,
Mechanical-Draft, Counter-Flow
Cooling Tower

For Westinghouse Electric Corporation
| Power Generation Business Unit
The Quadrangle

4400 Alafaya Trail

Orlando Florida 32826-2399

MRI Project No. 9150-86

February 1, 1990

MIDWEST RESEARCH INSTITUTE 425 Volker Boulevard, Kansas City, MO 64110-2209 - (816) 753-7600
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SECTION 7
RESULTS AND CONCLUSIONS
The following equation is used by the MRI drift computer program to
calculate the drift results: .
% Drift = 100 * (NFA/NZA) * NWT/(WFR * EQT * BTC)

NFA = Net fan area (square feet)

NZA = Nozzle area (square feet)

NWT = Net weight of tracer in sampling train (mcg)

WFR = MWater flow rate (grams per minute)

EQT = Equivalent sample time (240 minutes) of
BTC = Basin tracer concentration (mcg/g) .

The table below summarizes the results of the laboratory analysis and
drift calculations.

Tracer Basin

Tracer net wt. conc.
analyzed [(meq) {mca/q) % Drift
B 270.94 338.0 0.00778
Li - 1.81 2.2 0.00657
Na 397.55 990.0 0.00386

The results of the drift test conducted for Westinghouse Electric Corpor-

ation, Power Generat Bus e git, indicate that cell No. 5 had an
average drift rate of_0.00607% of the cirewiTtTmr~weler rate. The test
flow of 4459 gpm and te3T Water quality (f 3700 ppm wghld yield a mineral
mass emission rate of 0.50 1b/hr for the Ct BSTE _

17
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The particle size distribution for the individual cascade impactor stages

was as follows:
 Pparticle Captured on staage :
size cutoff Weight Percent

Stage Diameter (wm) = (mcg Tstage)  (Cumuiative)
Probe > 10.10 647.3 3.21 33.21
No. O > 10.10 33.5 1.72 A 34.93
No. 1 10.10 24.6 1.26. . 36.19
No. 4 : - 6.55 . 17.8 091 - 37.11
Impactor Filter 1.63 103.4 . 5.31 - 42.41
Impingers < 1.63 1083.0 55.57 - 97,98 -
Impinger Filter < 1.63 39.3 2.02 100.00

Total 1948.9 ~100.00

These data indicate that 65.07% of all of the material recovered in the
complete cascade impactor system was PM,o,. If the material which col-
lected on the inside of the nozzle and heated tube wall without reaching
the size classificatign g, is omitted from the calculations, the
results indicate ma the material recovered from the size
classification plates was PM;,. : -

18
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FILE NAME : FSée=-11.DFT

RUN # ;11 ‘
LOCATION & US BORAX — CELL #5
DATE : 11-18-8%

PROJECT # : S150-B6

EQUIVALENT SAMPLING TIME (MINUTEE)=

NOZZLE DIAMETER (SQUARE FEET)=

NET FREE STACK AREA (SQUARE FEET)=

WATERFLOW RATE PER CELL ( BGFM )=

AIRFLOW RATE ( POUNDS DRY AIR/MIN}=

TRACER EASIN TRACER
ANALYZIED COnC. NET WT.
(mcg/ag) (meq)

L] F64.0 24%.50

LI &.8 G.90

N& 1970.0 497 .80

AVERAGE DRIFT ALL OF TRACERS

DRIFT TEST RESULTS

DRIFT
RATE
ml/minm

250

242
843

viz

D-4

A-15

Gl=19~196
PROGRAM VER.
DA/26/8F VILT

470

QL. 00054

£34.75

4,439 G

DRIFT DRIFT

% 0OF Y. OF
GFmM DRY AIR
0.00004 0,00485
Q. 00262 QL0207
0.00451

 0.00S00

0.00381




Ceoyqme - Leell ([=HoveT )

CALCULATION SHEET
MRI Project 8987-35

Reference No. { a____ Type of Facility: @Cm et
| ~ (e-g., power plant)
Location of Facility: ’?\9‘ o C)A - 'Tcst Date [ / 84

" Type of Cooling Tower (circle one) Tower;

- Wet-Dry; Not Specified

Type of Draft (circle 3:/M’e-chanical atural Draft:
Fan-Assist Natural ; Not Speciﬁed '

Heat Transfer Configuration (circle one as appﬁcable)@oumc_rl@
Crossflow; Spray; Not Specified '

T);pe_anHeat Transfer Media (circle one as applicable): Splash; Film;
Not Specified

Type of Fill (specify): Nob %?cCcd

Type ter Distribution System (circle one as applicable):
. ; Pressure System;) Gravity Systcm; Not Specified

Water Flow Configuration (circle one as apphcablefﬁecucu]%
Once-Through; Not Specified

Type of Mist Eliminator (specify): M OL %"Pec c'@é

EMISSION RATE CALCULATIONS

Measurement Method Used: HOé IJ{{H"’é 'BA = \OL'( \3"0‘ OZI' B J
' l—lm-‘eé Awéeispﬂ I—-rr' = \’H (O C’Z‘.'lnw ‘&DB

$0-5 SEV kinscy wicht 031490
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Mo D b2 o desh cepoct ok !

ZQUIVALENT SAMPLING TIME (MINUTES)e 240
NOZZLE DIAMETER (SQUARE FEET)= - ~ 0.00106
WET FREE STACK AREA (SQUARE FIET)e * $20.02
WATERFLOW RATE PER CELL ( GPM )e 5,090.0
AINFLOV RATE ( POUNDS DRY AIR/MIN)e 59,658

{m- DRIFT TEST BESULTS

TRACER BASIN TRACER DRIF? - DRIFT DRIFT
ANALYZED CONC. NET WT. RATE ‘% QF A OF
(mzg/g9) (meg) al/ain GPH DRY AIR

B 378.0 361.64 1,952 0.01013 0.0072%

Ll 2.8 2.04 2,054 0.01066 0.00759
HA 2380.0 1685.19 1,444 0.00750 0.00%534

| AVERAGE DRIFT ALL OF TRACERS 1,817 ;,o.onsu> 0.00671
% C‘/‘)ect Q!‘,{(';) [G'Ll'bﬂs Q‘ Mq :

% Drift = 100 * (NFA/NZA) * NWT/(WFR * EQT * BTC)

NFA = Net fan area (square feet)

NZA = Nozzle area (square feet)

NWT = Net weight of tracer in sampling train (mcg)
WFR = Water flow rate (grams per minute)

EQT = Equivalent sample time (240 minutes)

BTC = Basin tracer concentration (mcg/qg)

Y3 \5(.0& = 100 (520 02 B 168S.19_wsea’s.
(Otoit TP S0ADx3TBS /0,.4/ ,.5(240 it Y 2230 wﬁb

OOO7<1 ? £ Ct(Cu‘-aL w& Qﬂ:«)

o'

(Nole: el da@ ‘oq%cc‘ o (PH-ID %Gm-nln diaim Q kL:-OGDE(d'_.
. "Pe( ? -4- oG e (c'l)o(-l- i

C\- Ceesons (astonnm adem&e o’ qu deaces ¢ (‘(ao
25°C " |

- Q.00 gal. dCh L B2 ke S | 784-005 o de G
(00 cﬁ LIZOUM - Tl‘_ﬂ &c‘m




M quLn:& C'vak‘\w @5 B (Toaleiend QA BDCMMQ c,..}
- - ID S ssiom @ |
{\lo Jaloe fPrcsewLeé fn rr:{;:(-L Q( ﬂ"/ /.) Per e . OH[({

e ' didobolo (B
A‘g%wm&: 'l%':‘l $ G.du‘:c_-m A qté;cwb r (G > :-1) |
el % L Mg -=P-10 Cw,..,q 12y e
’7r1 7%“@44'?7@%@& R9CO fﬁ.ﬁfx‘l’a“oqg “,‘;jﬁg
ANy 2 é%x%@ |

B‘%‘(‘Q 2 COH ID} B CUﬂ?‘DOPT-D{/{CLLtoé + Oﬁ‘c Lms';oh ‘
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. ~ MRI@D REPORT

- | | CoOIing Tower Test Report
Drift and PM.ID Tests T89-52

| At the U.S. Borax Plant
Boric Acid Plant Cooling Tower
in Boron, California,

on a Ecodyne, 2-Cell,
Mechanical-Draft, Counter-Flow
Cooling Tower

PR |

- —4%

| I,

For Westinghouse Electric Corporation
| Power Generation Business Unit
The Quadrangile

4400 Alafaya Trail

Orlando, Florida 32826-2399

MRI Project No. 9150-86

February 1, 1990

e - -
\ MIDWEST RESEARCH INSTITUTE 425 Volker Bouievard, Kansas Ciy, MO 64110-2299 + (816) 7537600
- A-19

.~~~ -~ e ——.




SECTION 7
RESULTS AND CONCLUSIONS

The following equatfon is used by the MRI drift computer program to |

calculate the drift results:
| % Drift = 100 * (NFA/NZA) * NWT/(WFR * EQT * BTC)
NFA '

= Net fan area (square feet)
NZA = Nozzle area (square feet)
NWT = Net weight of tracer in sampling train (mcg)
WFR = Water flow rate (grams per minute)
EQT = Equivaient sample time (240 minutes)
BTC = Basin tracer concentration (mcg/g)

The table below summarizes the results of the laboratory analysis and
drift calculations.

- Tracer Basin

Tracer net wt. conc.
analyzed (mea) (mcg(g) % Drift
B 361.64 378.0 '0.01013
L1 2.84 2.8 0.01066
Na 1685.19 2380.0 0.00750

‘The results of the drift test conddcted for Westinghouse Electric |

Corporation, Power Generation Business Unit, indicate that the tested

| - mr-the boric acid cooling tower had an average drift rate of
0.00943% of)the circulating water rate. The average drift rate for the
- mpt?d should be representative of the drift rate of the tower

since the tower cs11 geometry and operating paramett gre similar. The
test flow of 5090 gpm and test water gquality 4 8900 ppm Yields a mineral.

mass emission rate of 2.14 1b/hr for the ce . If the other cell

of the tower performs the same, the mineral mass emission rate would be

4.28 1b/nhr for both cells.

17
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The particle size distribution for the individual cascade impactor stages
was as follows: :

Particile Captured on stage

size cutoff Weight Percent
Stage Diameter (um) (mcg)  (Stage) (Cumuiative)
Probe > 10.15 1077.0 49.60 49.60
No. O _ >-10.15 54.0 2.49 - 52,09
No. 1 ' 10,15 -~ - 13.6 . 0.63 52.71
No. 4 5.58 7.2 . 0-33 ' - 53.04
Impactor filter 1.64 170.5 7.85 © 60.90
Impingers o < 1.64 807.1 37.17 98.07
Impinger filter < 1.64 42.0 1.93 100.00

Total 2171.4 100.00

These data indicate that 47.91% of all of the material recovered in the
complete cascade impactor system was PM,o. If the material which col-
lected on the inside of the nozzle and heated tube wall without reaching

the size classificatipm=pTe omitted from the calculations, the
results indicate t he material recovered from the size
classification plates™wes=PMi,.

18
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FILE NAME : F8&-0B.DFT : Ol=18—-1990
RUN # : 8 FEOGRAM VER.
LOCATION : US BORAX ~ BORIC ACID PMLO 04726789 VI.T
DATE : 11-16-89 '

PROJECT # @ 9150-B&

EQUIVALENT SAMPLING TIME (MINUTES)= I90
_ NOZZLE DIAMETER (SQUARE FEET)= 0. 00034
'NET FREE STACK AREA (SGUARE FEET)= R £20.02-

WATERFLOW RATE PER CELL ( GPM )=  5,090.0

AIRFLOW RATE ( POUNDS DRY AIR/MIN)= . 66,131

DRIFT TEST RESULTS
TRACER BASIN TRACER DRIFT DRIFT DRIFT
ANALYZED CONC. - NET WT. RATE % OF v ooF
(mea/g) (mcg) ml/min . GFM DRY AIR
B 201.0 224,70 1,097 0.00589 0.00366
LI 7.0 0.64 759 ¢, 00186 0.00120

NA 4840.0Q 860.10 &a?%s 0.003581 0.00232

AVERAGE DRIFT ALL OF TRACERS 717 @ 0,00Z39

D-4
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APPENDIX B

EMISSION FACTOR CALCULATIONS AND REPORT EXCERPTS
FOR REFERENCE NO. 1
(see Section 4.2.2 of text)
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(1
(N

CALCULATION SHEET
MRI Project 8987-35

Reference No. ___\ - Type of Facility: _ N\ Soe c.\&\ig‘a
_ " (e.g., power plant)
Location of Facility: _Not Soec.n. = A TestDate N\.of Somcc s

Type of Cooling Tower (circle one): Wet Tower; Dry Tower;
Wet-Dry; Not Specified

Type of Draft (circle one): Mechanical Deaft; Natural Draft;
Fan-Assist Natural Draft; Armospheric; Not Specified

Fan Configuration (circle one as applicable): Forced Draft;
Induced DraftyNot Specified '

Heat Transfer Configuration (circle one as applicable): Countérf-l-c;@
Crossflow; Spray; Not Specified

Type of Heat Transfer Media (circle one as applicable): Splash; Film;
'Not Specified

Type of Fill (specify): __N\Dad <

/f]

Type of Hot Water Distribution System (circle one as applicable):
Pressure System; Gravity System; Not Specified

Water Flow Configuration (circle one as applicable): Recirculatings;,
- Once-Through; Not Specified : .
4 oin-line ceils c/@ommran 2o\ H20 boin - | o susten

Type of Mist Eliminator (specify): ot Socc li-d

~ EMISSION RATE CALCULATIONS:

Measurement Method Used: = Ffi Methed 128 = Oidet B liocwect
‘\‘"\-‘.'T"V\QA ;a{ Cu:_.:._\:'xx'\'\c_ S;.\am

90.5 SEV kimsay wiczie 031490
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F'-(-om Appmém A\_ P A-z £ Qq:m-\f

EQUIVALENT SAMPLING TIME (MINUTES)= 240
NOZZLE DIAMETER (SQUARE FEET)= . 0.00106
NET FREE STACK AREA (SQUARE FEET)= 522.239
WATERFLOW RATE PER CELL ( GPM )= %,818.0

AIRFLOW RATE ( POUNDS DRY AIR/MIN)= ] 48,299

DRIFT TEST RESULTS

TRACER BASIN TRACER DRIFT DRIFT DRIFT

. ANALYZED CONC. NET WT. RATE % OF . 7 OF
(mco/g) (mcg) 1/amin 6FPM DRY AIR

Mg 146.0 54.11 0.8 - 0.00204 0.003547

Na 5?5.0 294,70 1.0 0.00278 0.00471
AVERAGE DRIFT ALL OF TRACERS 0.9 0.00241 0.00409

(o Gﬂeck‘ C)Alouqu"ows Us-m& Hi as \/mrer'.

% Drift = 100 * ( NFA * NWT ) / ( NZA * WFR * EQT * BTC )

NFA = Net Fan Area (square feet)
NWT = Net Weight of Tracer (mcg)
NZA = Nozzle Area (square feet)
WFR = Waterflow Rate (grams per minute)
EQT = Equivalent Sample Time (minutes)
BTC = Basin Tracer Concentration (mcg/g)
7 NGs 100, 57224 % x Shall oo

0. amocp,Orfx BB Tl/,m/x 240 e nw).(ili

= looxOoﬂS% —g‘{‘— o0.00205 9,
7 |

Cte. Ol




S

OQ'"S Aqecq e o \B(G— Q,c '\go-\-b\ 'T;:.rme.'[/okl B“G Cnssons
ta»(e %e Acome H,0 & 26°C

=c. 0.0Dz4 %%se_gﬁ’ 2.317 :L,-, 4 el zcoc@ los

100 f
Sheer 0%
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Cooling Tower Test Report
Typical Drift Test

On a 4-Cell, Mechanical-Draft,
Counter-Flow Cooling Tower

For the MRI Cooling Tower Test Group
Internal Drift Research and Development Program

MRI Project No. 9150

January 12, 1990



FILE N&ME
RUN #
LOCATION
DATE
-PROJECT #

11-25-1989
PROGRAM VER.
04/26/99 VI.T

ERUIVALENT SAMPLING TIME (MINUTES)=

NOZZLE DIAMETER (SQUARE FEET)=

NET FRES STACK AREA (SQUARE FEET)=

WATERFLOW RATE PER CELL ( GPM )=

AIRFLOW RATE ( POUNDS DRY AIR/MIN)=

TRACER BASIN TRACER
ANALYZED CONC. NET WT.
(mcg/g) (meg)

Mg 146.0 S4,11

Na 585.0 294,70

AVERAGE DRIFT ALL OF TRACERS

DRIFT TEST RESULTS

240

0.00106

S22.29

%,818.0

DRIFT DRIFT " DRIFT

RATE % OF % OF
1/min GPM DRY AIR
0.8 0.00204 0.00347
1.0 0.00278  0.00471
0.9 0.00241 0.00409

A-2
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APPENDIX C

EMISSION FACTOR CALCULATIONS AND REPORT EXCERPTS
FOR REFERENCE NO, 2a
(see Section 4.2.3 of text)
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CALCULATION SHEET

- %
MRI Project 8987-35

Reference No. Za ~ Type of Facility: ulQ*C Fodockian — :&Z “Tooer

(e.g., power plant)

L ocation of Facility: “Teoa O TestDaze I/ e

Type of Cooling Tower (circle one): y Tower;

Wet-Dry; Not Specified

Type of Draft (circle one): @Nanm Drat;
Fan-Assist Natural Draft; Armospheric; Not Specified

| Fan Confisurgtion (circie one as apphcable) Forced Draft;
, )Not Specified

Heat Transfer Configuration (circle one as apphcable)@ |
Crossflow; Spray; Not Specified _

Type_of Heat Transfer Media (cxrcle one as apphcable) Splash; Film;
Not Specified

Type of Fill (sPecnfy): Gpn { lﬂeﬂ:‘- exchy nw&er“
Type of Hot Water Distribution System (circle one as apphcable)
mravxty System; Not Specified -

Water Flow Configuration (circle one as apphcable) Recirculating;
Once-Through; Not Specified :

Type of Mist Eliminator (specify): __ £~ Dass

EMISSION RATE CALCULATIONS:

Measurement Method Used: ﬁ"“ \ B‘ = [‘Lﬁleé
‘ (PH" 1O = Amc\rﬂ;ﬂﬁ :_r;?'c"':)f' (ﬂc.(lL_S
(ot healed)'

90-5 SEV Linary wicskt 031490
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lrouw rs TS ceport
V. SDMMVARY OF RESLLIS
A Pmia) Menrmousaf Tex Site

wunﬂum
Suifice 03 Sulfae sd

Fas Suck Dasser (Fr) it 2
Warn Fiow Ras (gpem) F+Lipy 1500 (asv)
Loal Bareswrric Prassare (in/Hy) E- T H no

B Gay P Mepexremensy
Velociy (fi/min) wn 139
Vahzaemni: Fiow (ACFM) 208617 b
Gas Streaz Prespare (in/Hg) - T ac
Gas Tempctaizre (°F) no o

G Gas Compenition
Moiszure (% by Voizze) 19 z

L Saifas Exziavons (Dee/br) s Q.00 " E
2 Paresiue Mao Ratr (Toa/br) wG [L.)]
2 Pt , o Gle. v Tadle 4
4 Drik Fracmm (%)
5. Peom Daif Limit (%) oom a0 eleck OK
& Corentammy Wamer TDS S4450 55360
7. Sasdard Prescre b L-¥
Dty Q073 b,
*All prticsine et PM-100 Now thac oiis sy vary with bomzidity, e oaditg o
oling ey hax ioagd.

S Nezs thc masmred drif fracoome for Sulfae #2 ad Sulfniy o4 wowers ware A017%
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Fér_ Il #Z Tooec:
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R o e
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CALCULATION SHEET

 MRI Project 8987-35
| - o - . "
Reference No. Za Type of Facility: \\_,u.Q-k’ l(ococ-(.aw - #4 Tpoer
__(e-g-, powerplant) -
e Lo | 9/
Location of Facility: [ rovio | C)A- Test Date

_ Type of Cooling Tower (circle one): Tower; -

Wet-Dry; Not Specified

Type of Draft (circle one): Mechanical Draft Watural Draft;
Fan-Assist Namral Draft; Armospheric; Not Specified

Fan Confieuration (circle one as applicable): Forced Draft;
. @duced Draft; YNot Specified

Heat Transfer Configuration (circle one as apphcable) Counterflow;
(Crossflow;Spray; Not Specified

Type of Heat Transfer Media (circle one as applicable): Sphsh@
Not Specified

Type of Fill (specify): lu Mom-‘ml TZec‘vowé‘

Type of Hot Water Distribution System (circle one as applicable):
avity System; Not Specified

Water Flow ‘Configurati on cu-cle one as applicable): Recxrculanng,
Onee. Through ot Specfied™ . .

Type of Mist Eliminator (specify): __ e ond

EMISSION RATE CALCULATIONS:

Measurement Method Used: . \ok\ \c.G l—-leAL\:é ends

= Andersenn ctor (Maik
P10 Redrar Ty (TS
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F"(-oww P | oc rc’Por‘“

V. SLMyaRY OF RESCLIS
. A Do) Messremens of Tex Site
Peradeg: pivnol SMIRTEIETS fft rnmaried beiow for o Subtue @3 and

Solfce 4 mling wwery.
Splfaes @2 Sulfazc e

Fap Sack Diamewer (Fr) 15 -1

Wa Flow Raxa (gpen) Fiip 2500 (werz)

Lowal Barestne Presore (/Hp) 261
B. Ga Fiow Miessurements

Veiochy (%/min) wa? 9

Vol Fiow (ACEM) . 248617 B

G Sireaz Preamure (0/Hp) - T3 - €]

Gas Tesseamrs (F) - o o .
C Ga Comnesition ’

Mosemyre (S be Volume) 19 27
D. Poligmanc/Comamizant Emtrsions

L Salixte Eitsions (The/kr) ans [T .J
< Particine Maw Rate (Ba/)" [[+] an l&. £
5. Sodizs Eximem e/l an (1] ql('

3. Dok Facke (%)™ - o0 o0 Leck
5. Pomit Dk Limis (%) oz ooz 4.2k ¢

6 Coreniooy Wars TDS $4450 25360 (

7. Sancard Concivons Preamuse 292 in/Hg O[L

Deamry s By’ g

*All parzicaise were PM-10 Now thmt tih Swy v with Iomidicy, waer loading or
anling wee hexs load

“*Now thit sentored drift fracoes or Saliwe #2 o Solfse $4 ween were 0017%
and Q00555 remecmvely, hesss an ESC's Ocwberr 1906 saeung.

oc gul@le +4- ’\/

lolc( B(Q« l—(om lmf—

EF = 0.000% sl dolt 832 kdQ | 2007 %1s4Q

1D %l . oMo iql.éuCl“ . QLW.

¥ OH IO r_m%‘l Dl C)O"'" { oz —

— 07641 lles. | waie” A _ 128005 e W10

,u./*'séoo &4 Ao’ (D i 9T D Wans
“'D %Lmo‘-i

——rPr’(—[o Lcif,%eC\ o L Q -v"' Qﬂ'(‘u(q'{‘lﬂ ("ZO C‘:«‘i.‘:.)m ...."‘63 V"‘
4(.@ :ﬁ% Ve N = - !O

2005t | 55300 It cods - - | (IOY” (= H-10
c(:' H,0 | IO("/E dG ic,l 0,0 Moo

A
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V. SUMMARY OF RESULTS
A Phvsical Measyrements of Test Site
Pertinent physical mea’sm‘eménts are summa.nzcd below for the Sulfate #2 and
Sulfate #4 cooling towers. -
Sulfare #2 Sulfate 4

i:an Stack Diameter (F1) 15 S

Water Flow Rate (gpm) 2157 3500 (est)
Local Barometric Pressure (in/Hg) - 28.61 2852

B. Gas Flow Measyrements

Velocity (ft/min) 1407 1339
Volumewic Flow (ACEFM) 248617 337428
Gas Stream Pressure (in/Hg) - 2861 28352

" Gas Temperawre (°F) 71.0 78.0

C. Gas Composition
Moisture (5% by Volume) 19 2.7

D. Pollytant/Contaminant Emissions

1. Sulfate Emissions (Ibs/br) 0.036 0.040

2. Particzlate Mass Rate (Ibs/br)*” 243 0291
3. Sodium Exissions (Ibs/hr) 0.11 ~0.12
{4.__Driit Fracdon (%)°" 00004 0.0003

5. Permit Drift Limiz (%) 0.002 0.002

6. Circulating Water TDS 54,650 55,360

7. Standard Condidons _ Pressure 29.92 in/Hg

Density 0.075 Ib/fc

*All partculate were PM-10. Note that this may vary with bumidity, water loading or
cooling tower heat load

*sNote that mezsuraed drift fracdons for Sulfate #2 and Sulfate %4 towers were 0.017%
and 0.0055% respectively, based on ESC's October 1986 testng.
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APPENDIX D

EMISSION FACTOR CALCULATIONS AND REPORT EXCERPTS
FOR REFERENCE NO. §
(see Section 4.2.4 of text)
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CALCULATION SHEET
MRI Project 8987-35

Reference No. & ~ TypeofFacility: T _sec T\nes
(e.g., power plant) _

Location of Facility: _S\-x <.- . -

0

- Test Date 1 Sae . - <o
| Type of Cooling Tower (circle one): We@er Dry Tower; .
"~ Wet-Dry; Not Specified

Type of Draft (circle one): Mechanical Draft; Natural Draft;
. Fan-Assist Namral Draft; Kﬁm'@ﬁenc, Not Specified

Fan Configuration (circle one as apphcable): Forced Draft;
Induced Draft; Not Specified

Heat Transfer Configuration (circle one as applicable): Counterflow:
Crossflow; Spray; Not Specified

Type of Heat Transfer Media (circle one as apphcable) Splash; F'ﬂm,

Not Specified

Type of Fill (specify): _ 1ot S=¢c.-v<?

Type of Hot Water Distribution System (circle one as applicable):
Pressure Systemn; Gravity System; Not Specifi

Water Flow Conﬁgurauon (circle one as applicable): @ecxrculann}

Once-Through; Not Specified - -
TImn ink. e \lg Lo/ vee o oa\d) "\-Q ol - _-— o = ..v...‘..‘._»\

| Type of Mist Eliminator (specify): t.-: -~ .- = _

—
—

EMISSION RATE CALCULATIONS:

Measurement Method Used: 00 23 3 « & ZF8 W .=y

90-5 SEV Lkimpey wiahe 031490




F“O“‘\ ‘3\ endix P‘ . R- (, OS Re.. cv'\'

IIUIVALENT SAMPLING TIME (MINUTZS)= : 206.0
NC22oE DIAMETER (SQUARET FZIT)= c.00.37
NET TREE STACX AREA (SQUARE FEET)= 1256.04
WATERFLOW RATE PER CZLL ( GBM )= - 18,214
'A:aFLow RATE ( POUNDS DRY AIR/MIN)= o 60,885
--------------------- DRIFT TEST RESULTS -=-==vc--ccce-eama=--
TRACER BASIN TRACZR DRIFT SRIFT DRIFT
ANALYZED CONC. NET WT. RATE % OF s oF
(mcg/g) (meg) l/mia GoM ERY AIR

ca 66.20 752.1 48.3 0.0700 0.1756

Mg 20.60 140.7 29.0 c.0421 0.1056

Na 1790.00 11441.5 27.2 0.3394 0.0288
AVERAGE DRIFT aALL OF TRACERS 34.8 0.0505 0.1267

To check <ol culoXions S ney Ce o Treccer:

% Drift = 100 * (NFA * NWT) / (NZA * WFR * EQT * BTC)
NFA = Net Fan Area (ft2)
NWT = Net Weight of Tracer (mcg)
NZA = Nozzle Area (ft?)
WFR = Waterflow Rate (g/min)
EQT = Equivalent Sample Time (200 min)
BTC = Basin Tracer Concentration (mcg/g)

- 0-. -a/o D\-.\S\'-\-

\QO = - IIC,(. 14 4= x 7521 m
©.00137 S&* * IR2I4 A wyin ¥ QOO rein X C-Co 2"‘/‘%

100 * 2.5 % *» _l okl = O.0700%
Sy 37183
Cale. OK! '

D-3 -




I O P\eee.c\é\x BJ 1Y B-G o% Ke.?c:.c"r

For Fown E

ZQUIVALENT SAMPLING TIME (MINUTZS)= . 200.¢C
NCZILE DIAMZITER (SQUAREZ FEET)= 0.0C237
NZT FREE STACK AREA (SCUARE FZET)= o © o Ll185.14

WATERFLOW RATE PER CZLL ( GPM )= | ~s,21

~ AIRTLOW RATZ ( POUNDS DRY AIR/MIN)= | T3, 380
--------------------- DRIFT TEET RESULTS ~w=-ccccmcererre——a-
TRACER BASIN TRACER DRIFT DRIFT DRIFT
ANALYZED CONC. NET WT. RATE % OF . % OF
(acg/g) (meg) l/ain GeM DRY AIR

Ca £§3.60 947.3 62.3 0.0918 0.1901

Mg 20.30 180.3 37.7 0.0547 0.1134

Na 1730.00 14222.6 34.9 0.0507 0.1049%
AVERAGE DRIFT ALL OF TRACERS 45.3 0.0657 0.1361

Te check calculodions RN Co os Trocec:

% Drift = 100 * (NFA * NWT) / (NZA * WFR * EQT * BTC)

NFA = Net Fan Area (ft2)

NWT = Net Weight of Tracer (mcg)
NZA = Nozzle Area (ft?2)

WFR = Waterflow Rate (g/min)

EQT = Equivalent Samplie Time (200 min)
BTC = Basin Tracer Concentration (mcg/g)

es e DT 100x 116 14462 x 947.3 mee
| oI BT 4™ » 1821 DY ¥ 200 min * GB6 ™Yy
'OO x 349 2 x |aal _ o
/o feres, T O-OUB%

Ceale OK '.




\)\ﬁ\ncb p\V:f(‘ /e. b(‘ \Sr"r Srcr B:“T\\ t::u\s. C:».\'\é. 4:\\2_
Cp Tfo-.c.e.c's .

Ave. = O O505 +O.0657 ~ ©.0581%
= a2

Total -Df‘\s;“f Emicsions \Dou.\é. Se ! Assuee n,0 €a25°C

EF = ©052) ced &y ¢ BB21bdcdy 83“0-5\\,
foYe cg.\ Woflow ag) ém; o
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> MRIED REPORT

Cooling Tower Test Repor |

7-cell
Mechanical-Draft, Counter-Flow
Cooling Tower

MRI Project No SR

March 20, 1989

MIDWEST RESEARCH INSTITUTE 425 Volker Boulevard, Kansas City, MO 64110-2299 « (B16) 753-7600
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FILE NAME

RUN & : 1 =
LOCATION 10/01/88 V2.1
DATE : o
PROJECT 4 : o
EQUIVALENT SAMPLING TIME (MINUTES)= ' 200.0
NOZZLE DIAMETER (SQUARE FEZT)= 0.00137
NET FREE STACK AREA (SQUARE FEET)= 1166.14
WATERFLOW RATE PER CELL ( GBM )= - - 18,214
AIRFLOW RATE ( POUNDS DRY AIR/MIN)= 60,596
e ———————— DRIFT TEST RESULTS =veeweeecemaaxa-n —
TRACER BASIN TRACER DRIFT DRIFT DRIFT
ANALYZED  CONC. NET WT. RATE % OF % OF
(mcg/qg) (mcg) l/min GPM DRY AIR
ca 66.20 752.1 48.3 0.0700 0.1756
Mg 20.60 = 140.7 29.0 0.0421 0.1056

Na . 1790.00 11441.5 27.2 0.0394 0.0988

AVERAGE DRIFT ALL OF TRACERS 34.8 0.1267



FILE NAME
RUN #
LOCATION
DATE
PROQJECT 2

EQU:VAﬁENT SAMPLING TIME (MINUTZS)=

2

L4

NOZILE DIAMETER (SQUARE FEET)=

NET.FREE STACK AREA (SQUARE FEET)=
_WATERFLOW RATE PER CELL ( GPM )=

AIRFLOW RATE ( POUNDS DRY AIR/MIN)=

TRACER
ANALYZED

Ca
Mg
Na

" i ————

DRIFT TEST RESULTS

BASIN TRACER
CONC. NET WT.
(mcg/g) (mcg)
63.60 947.3
20.30 180.3
1730.00 l4z222.8

AVERAGE DRIF¥T ALL OF TRACERS

B-6

- PROGRAM VER.

200.0

0.00137

1156.1¢

18,214

73,390

DRIFT DRIFT . DRIFT
RATE % OF % OF
1/min GPM DRY AIR
3.3 0.0918 0.1901
37.7 0.0547 0.1134
34.9 0.0507 0.1049
45.3 0.1361




APPENDIX E

EMISSION FACTOR CALCULATIONS AND REPORT EXCERPTS
FOR REFERENCE NO. 6
(see Section 4.2.5 of text)



CALCULATION SHEET
MRI Project 8987-35

Reference No. ___ (o . Type of Facility: Reliese "

(e.g., power plant) |

| &R

 Location of Facility: _ ® /< = Test Date

Type of Cooling Tower (circle one): Wet To&r Dry Tower; -
Wet-Dry; Not Specified

Type of Draft (circle one): Meghanical Dr2ft; Natural Draft;
Fan-Assist Natural Draft; Armospheric; Not Specified

Fan Configuration (circle one as applicable): Forced Drafr;
Induced Dratt; Not Specified

Heat Transfer Configuration (circle one as applicable): Counterﬂow,
Crossflow; Spray; Not Specified

Type of Heat Transfer Media (cxrcle one as applicable): Splash; Film;
Not Specified

Type of Fill (specify): __t) /<

Type of Hot Water Distribution System (circle one as applicable): . |
Pressure System; Gravxty System; NotSpeciited
e

Water Flow Configuration (circle one as applicable): @n
Once-Through; Not Specified

TR line 2\l LY cowmn an o\d Sy Nla

Type of Mist Eliminator (specify): _ M./ <

EMISSION RATE CALCULATIONS:' '
Measurement Method Used: _ £ 1) Tt 126

E-2
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From R opandix R, e ®-2 a% Ragesi: |
Ec()u'\\)a.\i'r\* E‘-a-w"“\‘\hc\—r'\me_ (m’“—\\ = 240
Vozzle Diameler = C. 53021\ in

T(O. 35\\\")2

Nezz \e Avrecs )= 7

= O IN80O W = APadE - 0.00138
Net Free <Aeock QAvec (£4*) = o _ | 577.27A
Weker Flow rale Qec ce\\ (%“\/m‘m\
CQSB'(-D 77814 %Ct\_ Cal\ CQ\\s\ x | = | U 16.3
é% Report) R , 7 cells |

For Fow Steack ¢

------------------- DRIFT ANALYSIS -=======c====w==-=--
TRACER SAMPLE WATER BASIN % DRIFT
ANALYZED WEIGHT BLANK CONC.
{mcg) (mecg/g) (mc_g/g)
Ca 1354.9 0.0000 170.50 0.0348
Cr 14.7 0.0034 . 8.32 0.0077
Mg 331.6 0.0000 ., 77.10 0.0188
Na 1836.8° 0.0000 288.50 0.0279
RAve, Def¥ all Troacers . o3

Tc: C,'_.‘\ \,A.:..c..\’\ C.,c:x\c.u\o.* 'ONS K_\%'mc\ C,c». € T& e’

€ Drift = 100 « (NFA « NWT)/(NZA = WFR « EQT - BTC)

where: NFA = Net Fan Area (square feet)
" NWT = Net Weight of Tracer (micrograms)
NZA-= Nozzle Area (square feet)
WFR = Water Flow Rate (grams per minute)
EQT = Equivalent Sample Time (240 minutes)
BTC = Basin Tracer Concentration (micrograms per grams)

E-3 -



_ N
100 x S577.27 3% x 13545 wole
TO.001BR 5 % |16 3% min X 2HOw [70.5 %

--. ™ n/a Dt"'\:'\'

100 * 12460 o * laal = ©.0329%
Cg;\ 37855 . :
Cale. ©OK\ -

F._o.(" Fcu'\ 5*‘.&'-'-\4 5 CRPPE“A'\XI P\ ) P%Q’b ‘ c;g» RQ?Q’('{B:' .‘

PR . DRIFT ANALYSIS ~---—————m=m=—em——- _
TRACER SAMPLE WATER BASIN % DRIFT
ANALYZED WEIGHT BLANK CONC. : '
(meg) (meg/9g) {mcg/g)
‘ca 631.1 0.0000 177.50 0.0146
cr 13.3 0.0034 8.70 0.0063
Mg 207.4 0.0000 80.20 0.0107
Na. 956.6 0.0000 295.50 ~ 0.0133
Ava, Dritt o\l Tracers : .02
lo Check Talculdarionz -- Im\:u:\ vollues Some ot

Stack Fon L -&XC.EQ'\ for <o\ wa‘w\:\'\ oand
Rozn Cence. Co os Tracer

/o Tritt = OO x _577.27 4% * (a'é,l.;l e, . -
O.COI BB A % [, 116, 33 owm * 2HOmn x 1T7.5™%

= 100 XO.5575&_X |_&q\-' = O.OINT
| ' ol 2RSS :
CQ\C... OK ' % : cb
Usina Rverose Yo Ordy Sor Rethw %{.c.».c_ks arnad R Jc.xocersj
Total Dr'\-\: £ m’\g_s'\aﬁsv wow\d Re’
Assume .0 @ 258°C
9\(% T O.OIHX +0.02223 T O.016R%%

F_‘F = 0.0ls oplddt x &3I2 Vhs Acdd = Q.00 139 \bs 1o
100 ag) W20 S\ow oo\ acdd S\ e
“ Dedal Ro:\.'\v\%: > (Tnaulficient QR on Sose\
| " Eg, - MR
: = QAR et 7 Laberotor V) ok Q\




COOLING TOWER TEST REPORT

DRIFT TEST
ON THE

7-CELL, MECHANICAL-DRAFT, COUNTER-FLOW
COOLING - TOWER _

I. INTRODUCTION

The testing services of Midwest Research Institute (MRI) were
retained by the Watson Cogeneration Company to conduct drift tests using EPA
Modified Method 5 isokinetic sampling techniques on a ]
mechanical-draft, counter-flow cooling tower. The cooling tower is located at

The work was performed by Nicholas M.

Stich and Steve Cummins of MRI.

I1. TEST SITE DESCRIPTION

The plant is located in The
cooling tower provides cooling water to process heat exchangers
and steam condensers. The cooling tower is located at

The cooling tower consists of seven mechanical-draft, counter-flow
cells in a continuous straight 1ine with a common cold water basin beneath the
tower, Each cell 1is equipped with a 28-ft diameter,
six-bladed fan. driven by a 100-hp wotor. The hub seal was 84 in. in -
diameter, The fan stack was 336 in. in diameter at the sample plane location -
and constructed of fiberglass. '

One underground ground steel conduit returns hot water from the
plant to the cooling tower. The main line then tees off to feed seven
individual 18-in-diameter cell risers. Pitot taps for water flow and hot
water measurement were locited in the 18-in lines.

‘The cold water from the cooling tower basin is collected in the pump
forebay adjacent to the tower where four of the five pumps are used to return
cold water to the plant. Taps with temporary standpipes were used for the
qluﬁasurement of cold water temperatures on each of the four pump discharge

nes.
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FILE NAME
RUN &
LOCATION
DATE :
PROJECT #

INITIAL METER VOLUME (CUBIC FEET)=
FINAL METER VOLUME .(CUBIC FEET)=®

METER FACTOR=
FINAL LEAK RATE (CU FT/MIN)=.

NET METER VOLUME (CUBIC FEET)=
GAS VOLUME (DRY STANDARD CURBIC FEET)=

BAROMETRIC PRESSURE (IN. HG)=
STATIC PRESSURE (INCHES H20)=

PERCENT OXYGEN=

PERCENT CARBON DIOXIDE=
MOISTURE COLLECTED (ML)=
PERCENT WATER=

DRY MOLECULAR WEIGHT=
WET MOLECULAR WEIGHT=

AVERAGE METER TEMPERATURE (F.)=
AVERAGE DELTA H (IN. H20)=

AVG.SUM of SQR DELTA P (for % ISOKINETIC)=

% ISOKINETIC=

AVERAGE STACK TEMPERATURE (F.)=

AVG. SUM of SQR DELTA P * COS of ANGLE (IN. H20)=

PITOT COEFFICIENT=
SAMPLING TIME (MINUTES)=
NOZZLE DIAMETER (INCHES)=

STACK AXIS (INCHES)=
HUB AXIS (INCHES)=
NET FREE STACK AREA (SQUARE FEET)=

STACK . VELOCITY (ACTUAL, FEET/MIN)=
FLOW RATE (ACTUAL, CUBIC FT/MIN)=
FLOW RATE (STANDARD, WET, CUBIC FT/MI
FLOW RATE (STANDARD, DRY, CUBIC FT/MI1

N)=
N)=

PROGRAM VER.
10/01/88 V2.1

190.000
6£32.390
0.9857
0.000

436.064
. 429.883

29.95 .
-0.15

21.0
0.0
0.0
5.3

28.84
28.26

78.8
2.19
0.4433

101.0

93.7
0.4125
0.84
221.8

336.0
B4 0

577.27

1,438
829,828
791,849
749,685

<-e--e-m=-==-=c--=- DRIFT ANALYSIS e ammannsies,

TRACER

. SAMPLE WATER BASIN
ANALYZED WEIGHT BLANK CONC.
(mecg) {mcg/g) (mcg/g)
Ca - 1354.9 0.0000 170.50
Cr 14.7 0.0034 8.32
Mg 331.6 0.0000 77.10
Na 1836.8 0.0000 288.50

A-2
E-6

‘% DRIFT

0.0348
0.0077
0.01868
0.0279




FILE NAME

RUN #  : 2 PROGRAM VER.
LOCATION : 10/01/88 V2.1
DATE :
PROJECT & : .
INITIAL METER VOLUME (CUBIC FEET)= ' 635.000
FINAL METER VOLUME (CUBIC FEET)= 1086.130
METER FACTOR= , 0.9857
FINAL LEAK RATE (CU FT/MIN)= . 0.000
- NET METER VOLUME (CUBIC FEET)=" ' - 444.679
- GAS VOLUME (DRY STANDARD CUBIC FEET)= , 437,389 .
BAROMETRIC PRESSURE (IN. HG)= 29.85
STATIC PRESSURE (INCHES H20)=: -0.15
'PERCENT OXYGEN= - | 21.0
PERCENT CARBON DIOXIDE= 0.0
MOISTURE COLLECTED (ML)= - 0.0
PERCENT WATER= 4.8
DRY MOLECULAR WEIGHT= ' 28.84
WET MOLECULAR WEIGHT= 28.32
AVERAGE METER TEMPERATURE (F.)s+ 78.1
AVERAGE DELTA H (IN. H20)s= 2.11
AVG.SUM of SQR DELTA P (for % ISOKINETIC)= 0.4316
% ISOKINETIC= 101.3
AVERAGE STACK TEMPERATURE (F.)= . 90.1
AVG. SUM of SOR DELTA P * COS of ANGLE (IN. H20)= 0.4158
PITOT COEFFICIENT= . 0.84
SAMPLING TIME (MINUTES)= 9, 6
NOZZLE DIAMETER (INCHES)= 0.5021
STACK AXIS (INCHES)= ; 336.0
HUB AXIS (INCHES)= 84.0
NET FREE STACK AREA (SQUARE FEET)= -
STACK VELOCITY (ACTUAL, FEET/MIN)= ' 1,445
FLOV RATE (ACTUAL, CUBIC FT/MIN)= 834,219
FLOW RATE (STANDARD, WET, CUBIC FT/MIN)= 798,609
FLOW RATE (STANDARD, DRY, CUBIC FT/MIN)= 760,493
----------- ~======= DRIFT ANALYSIS ~e--ecmmcccecemmr—-
TRACER SAMPLE WATER BASIN fr S DRIFT )
ANALYZED WEIGHT BLANK CONC.
(meg) (meg/g) (mcg/q)

ca 631.1 0.0000 177.50 0.0146

Cr 13.3 0.0034 8.70 0.0063

Mg 207.4 0.0000 80.20 0.0107

Na 956.6 o.ooo% 6 295.50 0.0133

E-7
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4

- MIDWEST RESEARCH INSTITUTE

‘ . : DATA SHEET "E” .
FILENO . WATER FLOW MEASUREMENT TEST DATE.
PITOT TUBE
PITOT TUBE MAKE. MODEL SEMIAL NO. | PIPE SIZE. INCHES
ART S mpoletc  irmRT - FPy2|NOME  /F o =
DATE CALIBE TUBE COEFFICIENT AREA =.00845 IDZ, SO F1
APP- y58% |e= , 294F aS
PIPE 1D W LOGATION SIA. DESC TWAE STA. DESC TIME
DG | O, moc| O, DECIMAL INCHES ﬁf_S Ec® 7 E v DPs s
NO. x wO. x |caLcuiaten commecTED- oo \Ve | em ve aw | wve | am N
T | o l |
2 030
a 087 :
£l ow /7% v Hozz |
s .129 /7% :_a-’- N 7% % =
-;; ¢ aes | 1| o2 7//#' és - & ' é é g1 . W_ Q@
o« . L.
z 7 204 :-_, 2| .em2 / ?/F 92 b[ A,__ ﬁy‘ | 7ot
“ 250 |m 3| .vee 24 £ ‘ éj‘_‘_
P Ao g a{ 228 3 Y 73 * b{ R -y
1o | ase |7 sl aa s 79 . - %% ' St b4
11 812 | .38 //I/fc ‘ 7 ;Z':.: - g2 qug‘ -
12 L 7| 774 /3 V‘/ 71 _.'5:;' ..;L: & :g.':‘w':‘ CE
NIES o| asa /4 %, Ly e g1 [BRE. 195, F
14 .T08 o me ’S 5'/" é 3 ;’.{:';;‘,_- b é .‘L 'd:.“:‘:.? .
o] e o[ | u3 e S/ 2| P
o ] o Bogs  lasd [
A i g S 5
8 832 m"q.-:_.. ﬂ'.: '*'F_': i.. ‘w '-:.e..'_‘-
19 98 *
20 087 mb""."..‘ o R 1.. .
- o | gg, 24| Tome | 81, Sb)| roma fora |
NO TIME AVG g.A{gE AVG e. ,i aVG ‘AvG !
a TRAVERSE avG Vo TMAVERSE AVG VO
s | Noarh Tap = 117709
. ' . on _; p . ,0 7?3
< - Souf/\ py -
: ' , 7
O gom =\'@ ('No.c.l) =V;( ) US GPM '?'551 Ly~ /0 76/ us GPM :
BAS'S AIR/WATEM MANOMETER . P’lSEf ® J = /0 5-'6{ _
Ha — 1116/
* CALCULATED VALLE DECREASED BY DISTANCE FROM END OF PITOT TUBE TO CENTER l.m! OF MPACT MOLE . .# 3 - I/ 050
1] 796
1/ 232
D'fﬁ‘/ /Owﬁﬁ lf/gas/ - —~ 11349
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APPENDIX F

EMISSION FACTOR CALCULATIONS AND REPORT EXCERPTS
FOR REFERENCE NO. 8
(see Section 4.2.6 of text)



T

CALCULATION SHEET
MRI Project 8987-35
Reference No. X Type of Facility: Crnes Blaex
' " (e.g., power plant) _
Location'ofFacility: /s | TestDate  \S XE

Type of Cooling Tower (circle one): Weét Tower; Dry Towcr
Wet-Dry; Not Specified _

Type of Draft (circle one): Mecha_mcml: Natural Draft;
Fan-Assist Natural Draft; Armospheric; Not Specified

Fan Configuration (circle one as applicable): Forced Draft;
Induce@Drzgt; Not Specified

Heat Transfer Configuration (circle one as applicable): Counterflow;

Crossflow Spray; Not Specified

Type of Heat Transfer Media (circle one as applicable): Splash; Film;
Not Specified

Type of Fill (specify): __pM<

Type of Hot Water Distribution System (circle one as applicable):

Pressure System; Gravity Systery; Not Spegified
Water Flow Configuratmn (circle one as apphcable) R@g
Once-Through; Not Specified
S oin-line celle Wew Comman old HaO basin - e\l tesh~ c’

Type of Mist Eliminator (specify): N <

|

EMISSION RATE CALCULATIONS:
Measurement Method Used: St 3o t.P‘P\ Thathed | Z 120 ©\iacment

‘-‘*Q?i::aa_c.\’\ u—*o ?u(-\mﬁmfé\ [ W --:_. -L‘rs-a o <
T e - |&\"\'\' ?(o\;{ CL%‘:W‘:\\%

-
\

$0-5 SEV Linaey wiahe Q71490

F-2




F_rcmlapee.n&\x A, ?%V-\'l o\ ?\&Qeﬂt?

£ %u.'\ veleat Scmn?\'\'ns_ﬁme. (ﬂ\\“\ = -l O
Nozz le Wiawmedter = O 4413 in _
Nozz le Rree $£¥)= Ydqrd® = /49T (.4u13)?
= O. 1820w » 14> = O, OQI106
2% ™
Net Free Stoack Rrea S1*) = _‘ _ Ny | 522-23 .
Weter Flow Reda per Cell C%'“‘/m-m\ 2
(paB-7 o8 39897 g0l » I = 9974.32
Report i H cell
b DRIFT ANALYSIS - -— -—-
TRACER SAMPLE WATER BASIN % DRIFT
ANALYZED WEIGHT BLANK CONC.
(meg) (meg/g) (mcg/g)
NA 7350 0 740 0.0540
MG 1040 0 104 0.0543
Ca 5040 0 524 0.0522

AVERAGE PERCZENT DRIFT OF ALL TRACERS ANALYZED 0.05356

To Creck CoaleculoXiong uﬁ‘\nq.b\\bm s Trewces -

% Drift = 100 * ( NFA.* NWT ) / ( NZA * WFR * EQT * BTC )
NFA = Net Fan Area (square feet) '
NWT = Net Weight of Tracer (ug)
NZA = Nozzle Area (square feet)
WFR = Water flow Rate (grams per minute)
EQT = Equivalent Sample Time (240 winutes)
BTC = Basin Tracer Concentration (ug/g)
Y Dest:r 10Ox 53229 x 7350 me
O.O0I0 (A x QATH. Bz X 2HOmM * 7THO ™Y,
- 100 2044 o, X laal = O.0540
as '.37%5:5
Ceale ©OK \
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COOLING TOWER TEST REPORT

DRIFT TEST
ON THE

4-CELL, MECHANICAL-DRAFT, CROSS-FLOW
COOLING TOWER

I. INTRODUCTION

The testing services of Midwest Research Institute (MRI) were
retained by _ to conduct a drift test using modified
EPA Method 5 isokinetic sampling techniques on mechanical-drafi,
cross-flow cooling tower. The cooling tower is located at
The work was performed by Mr. Nicholas M. Stich and Mr. George Cobb of MRI.
The tower manufacturer was represented by ' .
was represented by Mr.

The thermal and drift tests were originally scheduled for the week
of

I1. TEST SITE DESCRIPTION

is located at in

. cooling tower provides cooling water to steam

condensers. The cooling tower i5 located in an unobstructed area on the north
side of the plant.

The cooling tower consists of four mechanical-draft, cross-flow
cells in a continuous straight line with a common cold water basin beneath the
tower. Each cell is eguipped with a 28-ft diameter fan driven by 2
100-hp motor. The hub seal is 96 in. in diameter. The fan stack is 324 in.
in diameter at the sample plane location and constructed of fiberglass.

An underground steel conduit returns hot water from the plant to the
cooling tower. The main line then tees off to feed two individual 30-in
diameter cell risers. Pitot taps for water flow measurement were locate in
the 30-in lines. : ‘

F=5



FILE NAME

RUN 4 : FAN #2 | PROGRAM,
LOCATION v2.1
DATE :
PROJECT &
INITIAL METER VOLUME (CUBIC FEET)= . 735.000
FINAL METER VOLUME (CUBIC FEET)= 1095.820
METER FACTOR= - . 0.9857
FINAL LEAK RATE (CU FI/MIN)=. | | ‘ 0.000
NET METER VOLUME (CUBIC FEET)= 335.946
GaS VOLUME (DRY STANDARD CUBIC FEET)= 302.708
BAROMETRIC PRESSURE (IN. HG)= 28.05
STATIC PRESSURE (INCHES H20)= -0.17
PERCENT OXYGENs | 21.0
DERGENT CARBON DIOXIDE= o 0.0
MOISTURE COLLECTED (ML)= 0.0
PERCENT WATER= : - 3.6
'« *SATURATED STACK**
DRY MOLECULAR WEIGHT= 28.84
WET MOLECULAR WEIGHT= . 28.45
AVERAGE METER TEMPERATURE (F.)* 91.6
AVERAGE DELTA H (IN, H20)= | 1.69
AVG.SUM of SOR DELTA P (for % 1SOKINETIC)= 0.5034
% ISOKINETIC= 102.7
AVERAGE STACK TEMPERATURE (F.)= 79.5
AVG. SUM of SQR DELTA P * COS of ANGLE (IN. H20)= 0.3816
PITOT COEFFICIENT= 0.84
SAMPLING TIME (MINUTES)= |
NOZZLE DIAMETER (INCHES)= @

STACK AXIS (INCHES)= ' : 324.0
HUB AXIS (INCHES)= el
NET FREE STACK AREA (SQUARE FEET)=

G2

STACK VELOCITY (ACTUAL, FEET/MIN)= 1,352
FLOW RATE (ACTUAL, CUBIC FT/MIN)= - 106,171
FTOW RATE (STANDARD, WET, CUBIC FT/MIN)= 647,664

FLOW RATE (STANDARD, DRY, CUBIC FT/MIN)= 624,225 .

------------------- DRIFT ANALYSI§ —-===---====="="7=""

TRACER SAMPLE WATER _ BASIN . % DRIFT
ANALYZED WEIGHT BLANK CONC.
(mcg) {mcg/9g) (mcg/9g)
NA 7350 0 740 0.0540
MG 1040 0 104 0.0543
ca 5040 0 - 524 0.0522

AVERAGE PERCENT DRIFT OF ALL TRACERS ANALYZED @
A-2 '
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DATA SHEET “E

- MIDWEST RESEARCH INSTITUTE:"

FiLENO: WATER FLOW MEASUREMENT TEST DATE:
, PITOT TUBE '
PTIOT TUBE WAKE. MODEL _ SERIAL uf. nvetlu.mcnts _ 97.5:-7/
‘ m'recnu::!ez - ’%%ﬂ‘a :::A:ﬂ-?‘g”z se "J’%* ;:'t(-:l,-‘l
e= 27948 |a= iDERATTY Y e
] . N Thmt Z=7| S7A DESC. - TIME
:;:m‘ bu. | RoG| O D}l;:::‘::cﬂls o4, :...,f‘p h"m‘ 'JEE:E ot %A' :ﬁﬂ" %”
NO. x NO. x éﬁi\:xrzo mn:mn- a.in. Ve | am ve a. .. Ve L) \'L]
1 013 '% E'ff .73%/ . - %,l ..:34{: 2/ 3{9
2 | os0 1% 1% | 26 28% 27 2 %)
2| .67 o~ /'7é_ Q‘?"& v .Pé‘é— . ‘?Ui
E‘ 97 2% 2% £7¢¢ 32 %| =‘7_‘7%’_ S | R3s
gs 129 2% 3% ?ﬁ “s 32 -f 9% | ek,
N S L AL S e N I SR YA
zr |~ jazl | 6—| $|30- 335 25%l- | 25~
ol mejz o) | %] 77|35 32% 2é- 253 |
s | = g 4] 2o 2% 2%l 31%| 3% | | D% 26—
10| a8 |7 s| e //Z/é ! ’/y 3/7%, & FTECE BRI L P~ A Qf’/q
v ee | o] wm | /8Y | 1% | 30%lEE | 2254 B | L bia o] 29%
12 [ .e0e 7| .77e 9074& 20 5%‘ 3‘,’%;:-; 295 i‘_z-j 972_"‘5'.'3!. 1 30%
w ] o | el ae | 20%| oGl 2p- ks dsUEERE] 255 U;u:‘p -l f
e | o e | 23t | 23| agEluii] a8~ Fowa| 07E b v 299
O N 2 AP AT R P T l Le
e | o 25| 254 |36~ PEEE EX O el v e L X
M 26 g | 3¢ Yo | 3% IR | 23R D34 |3 T | Iv %] ¢
e | sas 27 %l 272, 1234 fiwrow 2L e =] - | £
19 | v 8% | 28 |20% 194 20— ,7(-’/9:
] e 9% | 28 Vel 21 Telse i - T n Ve [ | 292
. Toue | /pS bl oL |s05 8| TOTAL 00,08 | ToaL |
NO TIME ° AVG _}5".75'?‘ AVG _5_". 280! Ave .._s:_ppa avG #9979
a TRAVERSE avG\/& TRAVERSE AVG VD
8 West Tray. = 20 627 Sowph = 19259
: Seuth Ty =_203 % | heat- = 19518
o. enm-=\-; (vono.c.A) =G (_____) useuﬁﬁst &552: 305‘ 77 usam ﬂf_ i 4 9‘00

BASIS AV/WATER MANOMETER

Toted Tower Fﬂm- 39997

- - gy e —r .
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APPENDIX G

EMISSION FACTOR CALCULATIONS AND REPORT EXCERPTS
FOR REFERENCE NO. 10a _
(see Section 4.2.7 of text)
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'CALCULATION SHEET
MRI Project 8987-35

nceles ST

Reference No. __ Do, Type of Facility: ke T6 € nw Th s ce) Tock
| " (e.g-, power plant)
' _ !
Location of Facility: S\x 4. SN N (@.ﬁw\e&.«;— Vs TestDate Rirz®

Type of Cooling Tower (circle one): Wet To Dry Tower; :
" Wer-Dry; Not Specified U" '

Type of Draft (circle one): Mechanical Drafr; Namral Draft;
Fan-Assist Namral Drafr, Armospheric; Not Specified

Fan Conﬁvuranon (cm:le one as applicable): Forced Draft;
dmTCE Drzts Not Specifed

Heat Transfer Configuration (circle one as applicable): Counr:rﬂow
Crossfiow; Spray; Not Specrﬁed

Type of Heat Transfer Media (circle one as appl.cable) Splash. Fi]m.
Not Specified

.Tvpe of FIll (specify): _t» +! Socd \akl

Type of Hot Water Distribution System (circle one as apphcable) Yot HL.O A\ A buee
Pressure System; Gravity Sysmm, Not Specified o cmTh

Water Flow Configuration (circle one as applicable): Reéirculatis;
-Once-Through; Not Specified

Type of Mist Eliminator (specify): \. N\ \od'n nocx \\\Q\Sxx\n

H-ce\\ TMarla 2 ot \—J’_&O\'\\JQT\A\'\Q\\O\\ Q_D;\e._-.,\“\d nex 2 \er

EMISSION RATE CALCULATIONS:

Measurement Method Used: TOE’" \‘\"C}"-‘ LL'*LEA %ﬁéa
Tobl Nlhe medive 'k per Gool o on omie

=N _ $0-5 SEV kinry wiccht 03 1450
Lq-l-c, TZ.LM{‘ = C.
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CALCULATION SHEET
MRI Project 8987-35

ﬁg\:-a&e. ®#2 T

Reference No. _|D -, Type of Facility: Xece Ynemee Cosezz o
- (e.g., power plant)
Location of Facility: L es<= oA Toc ity / TestDate | K

—

Seasas e =R UL Nl

- Type of Cooling Tower (circle one): w DryTowcr, -_
: Wei-Dry; Not Spem.ﬁed

Type of Draft (circle one): Maghanical Draft; Natural Draft;
- Fan-Assist Namral Draft; Ammospheric; Not Specified

Fan Configuration (circle one as apphcable) Forced Draft;

Indueed Drzft; Not Specified

Heat Transfer Configuration (circle ane as applicable): Gogteiow;
Crossflow; Spray; Not Specified

T er Media (circle one as applicable): Splash; Fiim;
Not Specified |

Type of Fill (specify): T\ _Yeok £ &bme;g:-ef

Type of Hot Water stmbutlon System (circle one as apphcable
vny System; Not Specified UP"’Y rm)S

Water Flow Configuration (circle one as applicable): Recirculating;
Once-Through; Not Specified

Type of Mist Eliminator (specify): Zicals Bes ONC Theeadec

= -ce\l Can ‘.':\r\eé W T \-o\&fe_a BRSQICI L3eRR S A LTTr Lo

EMISSION RATE CALCULATIONS
Measurement Method Used: lo\c\ N e L\sled ?ﬁc\e,

\o\-a\ “'Q Q._ms.lae \'?" Cnv\- Ozee ""’""3

\D\.L: Zlmi; C | 65

905 SEV Lineey whaht G31450
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APPENDIX H

EMISSION FACTOR CALCULATIONS AND REPORT EXCERPTS
FOR REFERENCE NO. 15
(see Section 4.2.8 of text)



- CALCULATION SHEET
MRI Project 8987-35
Reference No.__| & . TypeofFacility: __ = .= F oc-
| (e.g., power plant) '

Location of Facﬂjty: WIS Test Date .

‘Type of Coolmg Tower (circle one): Wet Tﬁer; Dry Tower'
Wet-Dry; Not Specified

Type of Draft (circle one): Mechanical Draft; Nawral Draft;
Fan-Assist Natural Draft; Armospheric; Not Specified

Fan Configuration (circle one as applicable): Forced Draft;
~ Induced Draft; Not Specified
Heat Transfer Configuration (circle one as applicable): Counterflow;
Crossflow; Spray; Not Specified o~

Type of Heat Transfer Media (circle one as applicable): Splash; Flm>
Not Specified o

Type of Fill (specify): _C\la=t1c.

Type of Hot Water Distribution System (circle one as applicable):
Pressure System; Gravity System; Nm_SpeEﬁed

Water Flow Configuration (circle one as apphcable) Recumng,
- Once-Through; Not Specified

[ ir-ine ceile wicomwon 2203 “iig hasiw - 2 c=ils destad

Type of Mist Eliminator (specify): __ NN /< '

EMISSION RATE CALCULATIONS:

Measurement Method Used: _ &\ ~wc -~ € Q:‘r A CMM 'y‘h
N

$0-5 SEV kinasy wizks 071490

H-2




For Thae - 1 ~ Cell TesT

Net Fan Areo = 72%8.95 £+ .
Nev2le Area = l. 0S50 NIO-S -C'l'-"

From Pf?eenﬁ'\x Q\) .Q%R‘ S ok RQ.%:K"L :

Eqvivelant Sewpla Gllastim Time = 2,40 rrinsdas

Wealer Flewo Rote = | 40 ¢ ©9  Yadua /l‘Be#“.s:

SUMMARY_OF DRIFT TEST RESULTS®

Tracer "R" Stack "T" Stack
Analyzed Test Results Test Results

5i0, 0.042% ~ 0.020%

" © 0.025% 0.018%

S0, 2 0.019% 0.012%

Na | 0.0212% 0.013%

by

8 percentage of total water flow emitted

as drift.
C‘..:»..*:-'_:_‘n v Tr WPV
Trogec o (™Y  Mdet ot (med)
=10, ] S _ ] 10.8
A\~ B 156.0
SO5° s40 650.0
Ne 280 33%.0

7R1.66fPm (?qc ;e\\)

To Iheck Cal c_;.».\o.:“v'\c:v\ ¢ Wan N S Oa ons \concecr .

2 Drift =100'(NFA*NHT)/(NZA'HFR*EQT'BTC)
NFA = Net Fan Area (square feet)
NWT = Net Weight of Tracer (mcg)
NZA = Nozzle Area (square fest)
WFR = wWatarflow Rate (grams per minute)
EQT = Equivalent Sample Time (minutes)
BTC = Basin Tracer Concentration (mcg/g)

H=-3
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COOLING TOWER INSTITUTE TEST REPORT

DRIFT TEST
ON

18-CELL, MECHANICAL-DRAFT, COUNTER-FLOW
COOLING TOWER

. INTRODUCTION

The testing services of the Cooling Tower Institute (CTI) were
retained by the ., under Pur-
chase Order No. to conduct a drift test on a

., 18=-cell, mechanical-draft, counter-flow cooling tower in
accordance with the CTI Acceptance Test Code ATC-105. The cooling tower
is located at the plant near’

The work was performed by Midwest Research Institute (MR1)
under contract with the CTI as the official CTI test representatives. The
CTl test representatives for this test were Mr. Kenneth W. Hennon and
Mr. Thomas E. Weast. The tower manufacturer was represented by

' The plant was represented

by ' _ and
by Local
representatives of the . also witnessed portions
of the test.

11. TEST SITE DESCRIPTION

The - is located on the
_ The .
tooling tower provides cooling water to various process heat exchangers used
by the plant in the The cooling

tower is located in an unobstructed area adjacent to the
side of the plant.

The cooling Luwer consists of 18 wood-framed, mechanical-draft,
counter-flow cells in a continuous straight line with a common cold water
basin beneath the tower. The cells use a plastic filim-type fill for the
heat transfer surface. Each cell is equipped with a 28-ft diameter fan

driven ?y a 240-kw motor. (The tower was originally equipped with 100-kw
motors. -



IV. ANALYSIS OF SAMPLES AND RESULTS

The samples of the cooling tower circulating water, recovered
drift samples with rinses and impinger solutions, and blank rinse samples
were analyzed by the laboratory using atomic
adsorption spectroscopy. JThe analysis was performed for four trace con-
stituents: Si0,; C1 ; SO,.2; and Na.

The test results are summarized in the following table. Details
are presented in the attached appendices. i

SUMMARY OF DRIFT TEST RESULTS?

Tracer "R" Stack "T" Stack
Analyzed Test Results Test Results
5i0, 0.042% 0.020%
) I 0.025% | 0.018%
S04 2 0.019% 0.012%
Na 0.021% 0.013%
3

Percentage of total water flow emitied
as drift.

V. DISCUSSION AND CONCLUSIONS

The definition of drift as useu in this report is, "The percentage
of the water flowing through the tower which is discharged through the fan
in the form of water droplets or aerosols.” Under the conditions of these
tests, the calculated drift rates were between 0.015%% and 0.042% for the
"RY cell and between 0.012% and 0.018% for the "T" cell depending on which
tracer is used. If one of the tracers (5i0,) is discarded because of
erratic (i.e., compared to the other materials) behavior, the variation in-
the test data decreases. The drift rates are then between 0.019% and 0.025%
for the "R" cell and between 0.012% and 0.018% for the "T" cell. If the
results are averaged, a drift rate of 0.018% is obtained which should be
reasonably representative of the tower.
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APPENDIX |

EMISSION FACTOR CALCULATIONS AND REPORT EXCERPTS
FOR REFERENCE NO. 17
(see Section 4.2.9 of text)

1



—a =

CALCULATION SHEET
MRI Project 8987-35
Reference NO. . l-—’ Type OfFaCﬂlty _==\-\ \\-E' ' _‘; -\ =21 N
. (e.g., power plant) .
T

Location of Facility: __+ > (& TestDate __I | ¥

- Type of Cooling Tower (c:rcle one) W__Jcr' Dry Tower;
- Wet-Dry; Not Specified

Type of Draft (circle one): Mghanical Draft; Natural Draft;
Fan-Assist Natural Draft; Armospheric; Not Specified

Fan Configuration (circle one as applicable): Forced Draft;
- Induced Ds3ft; Not Specified

Heat Transfer Configuration (circle one as apphcable) Counterﬂ"w;
Crossflow; Spray; Not Specified

Type of Heat Transfer Media (cu-cle one as apphmble) Splash, Film;
Not Specﬁ?d

Type of Fill (specify): __D\) |<

Type of Hot Water Distribution System (circle one as applicable):
Pressure System; Gravity System:; @d

Water Flow Conﬁguratlon (circle one as apphcable) ‘Recnculaun*g
Once-Through; Not Specified

Hor-line cells wiol Semman Co\d Ho o \bg_q\“ - |\ e\ dested
Type of Mist Eliminator (specify): _ &/ <

EMISSION RATE CALCULATIONS:

Measurement-Method Used: ZLpad sty orce Q-‘r 9/-\ T o Kine T &
éuh? \\ "\C‘\ '\ :BC.\\ ""\l\'-'%u.ec.:_, e A A R ( E Cu

—

90-5 SEV kinary wisit 031490
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From ‘*q;;wivuﬁh’t B , ;xESEb";l*:Ea = %iEL‘:c:r‘t.:

The total weight of Br in the sample train (Br.) is the sum of
the Br found in the impinger content and the water rinse IBrI). and on the

filter (BrF). _ .

BrT = BrI + BrF

102.00 + 0.24 = 102.24 ug Br

Corrections (B.) for the water blank (W) must be applied to the
weight of bromine collected in the sample train. ~ In this test, 425 mL of
water were used in the impingers and water rinse. A blank filter (FB) was
also analyZed. ‘ . ' '

(B;) = (W) + (Fg)

2.55 + 0.07 = 2.62 yg Br

The net corrected weight of bromine in the sample train due to
drift (Brc) is:

(Brc) = (Bry) - (By)
102.24 ~ 2.62 = 96.62 pg Br

After obtaining the corrected Br weight (Br.) for the sample train,
the concentration of Br (in pg/dscf) in the stack air is calculated from the
sample volume, VS: '

"c _ 99.62 ug Br

? 551.1 dsct

0.18 pg Br/dscf

Conc. Br in stack

Since the total stack flow rate was measured as 666,444 dscfm, the total Br
emissions from the stack (Brs) is calculated by:

0.18 ug Br
dsctm

Total Br from stack = 666,444 dscfm x

119,960 pg Br/min

1-3
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The volume of basin water, W,, required to deliver 119,960 g of
Br is calculated by: :

W = Total Br from stack
~ "W~ “Conc. Br in basin

= 119,960_ug Br/min = 2,173 mL/min
55.2 pg Br/mL

Converting to gallons per'minute gives:

2,173 mi/min_

gPm = T*5R2 mi/gal. - 057 OPM

or 192 gal/hr.

The percent drift, & D, can now be calculated according to the
equation: '

Vol. basin water from stack (wv) x 100

% D = —53tal water vol. through basin

_0.57 gpm 100 =
7365 gom X 100 = 0.007%

C=\z Ok
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COOLING TOWER INSTITUTE TEST REPORT

DRIFT ACCEPTANCE TEST
ON A

5-CELL, MECHANICAL-DRAFT, COUNTER-FLOW
: COOLING TOWER ) :

1. INTRODUCTION

The testing services of the Cooling Tower Institute (CTI) were

retained by the '

~struction (OFPC) Project No. _ . to tonduct a drift

acceptance test on a 6-cell, mechanical-draft, counter-
" flow cooling tower in accordance with the CTI Acceptance Test Code ATC-105.
The cooling tower is located at
campus. The work was performed by Midwest Research Institute (MRI) under
contract with the CTI as the official CTI test representative. The CTI
test representatives for this test were Mr. Thomas E. Weast, Mr. Kenneth W.
Hennon, and Mr. George R. Cobb. The tower manufacturer was not represented.
The plant was represented by ‘

Cooling tower drift is defined as the percent of water flow
through the tower which exits through the fan in the form of water droplets
or aerosols. The amount of drift from the tower was determined by iso-
kinetically sampling a representative fraction of the tower airflow and
measuring the amount of aerosol leaving the stack. Sodium bromide (NaBr)
was spiked into the basin as a tracer for the analysis. Neutron activation
analysis (NAA), an extremely sensitive detection technique, was then used to
measure the amount of bromine in the basin water and that exiting from the
stack. From measurement of the total bromine collected in the sampler and
the concentration of bromine in the basin water, the drift rate was calcu-
lated. :

I1. TEST SITE DESCRIPTION

ijs located on the north side of the
‘ The cooling
tower provides cooling water to air conditioning equipment. The cooling
tower is located on the roof of the building.

The cooling tower consists of six mechanical-draft, counter-flow
cells of which four cells are presently complete and two are for future
expansion. The cells are in a continuous straight line with a common cold
water basin beneath the tower. Each cell is equipped with a 22-ft diameter
fan driven by a 75-hp motor.

I-5




TABLE 1
SAMPLE ANALYSIS

Sample Sample Total
Sample Volume . Concentration Br
No. Description (mL) ___(pa/mL) (ug) ~
102 Basin water - 55.2 -
104 Impinger contents 425 0.24 102.00
106 Water blank 425 0.006 2.55
107 Filter - - 0.24

108 Filter blank - - 0.07

A1l samples, except the filters, are run in triplicate. The
average of the three values is recorded in Table 1 and was used in the
calculation.

V. CALCULATION PROCEDURE AND RESULTS

The calculation of correction factors needed to determine drift are
relatively complex. The calculation procedure, without indicating the correc
tions, is presented in this section. The purpose is to provide a clear picture
of the principles underlying the calculation of the drift rate. The actual
calculations with all the correction factors have been provided in Appendix B.
The sampling data used in the calculations are shown in Table 2.

TABLE 2
SAMPLING DATA

Description

Corrected total Br in sample 99.62 pga
-Sample volume 551.1 dscf
Stack airflow rate 666,444 dscfm
Basin water Br concentration 55.2 ug/mL
Water flow rate through the cell’ 7,386 gpm

2 see calculations in Appendix B.




COMPLETE CALCULATIONS

This appendix provides the calculations for this test, complete
with all correction factors applied. A1l numbers have been rounded to three
significant figures. The data used were taken from Tables 1 and 2 in the
report.

The total weight of Br in the sample train (Bry) is the sum of
the Br found in the impinger content and the water rinse Brr). and on the
filter (BrF). ' ,

Br

T = BrI + BrF

102.00 + 0.24 = 102.24 pg Br

Corrections (B.,) for the water blank (W,) must be applied to the
weight of bromine collected in the sample train.  In this test, 425 mL of
water were used in the impingers and water rinse. A blank filter (FB) was
also analyzed.

(B

(WB) + (FB) |
2.55 + 0.07 = 2.62 pg Br

T

The net corrected weight of bromine in the sample train due to
drift (Brc) is:

(Br

(Bry) - (Bp)
102.24 - 2.62 = 96.62 pg Br

c)

After 6btainihg the corrected Br weight (Br.) for the sample train,
the concentration of Br (in pg/dscf) in the stack air is calculated from the
sample volume, VS:

© Br

Conc. Br in stack = g C _ 99.62 ug Br

T 851.1 dscf

)
0.18 ug Br/dscf

Since the total stack flow rate was measured as 666,444 dscfm, the total Br
emissions from the stack (Brs) is calculated by:

' 0.18 ug Br
666,444 dscfm x dscfm

Total Br from stack

119,960 pg Br/min

B-2

I-7



The volume of.basin water, Wy required to deliver 119,960 pg of
Br is calculated by:

W = Total Br from stack
v Conc. Br in basin

119,960 pq Br/min = 2,173 mL/min
55.2 pg Br/mL

Converting to géllons per ﬁinute gives:

2,173 mb/min_

gpm = 3,784 ml/gal. = 0.57 gpm

or 192 gal/hr.

The percent drift, £ D, can now be calculated atcording to the
equation:

Vol. basin water from stack (wv) x 100

%0 = < otaTwater voT. through basin
_0.57 gom .o _
7386 gpm x 100 =] 0.007%




APPENDIX J

EMISSION FACTOR CALCULATIONS AND REPORT EXCERPTS
FOR REFERENCE NO. 18
(see Section 4.2.10 of text)
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CALCULATION SHEET
MR Project 8987-35
Ec(cxx CT
Reference No. __|X “Typeof Facility: Y 2¢c SS = o2 T'noe -- :-__'*_\_
' (e.g., power plant) \ |
Location of Facility: \. r =% - ¢ 5\ e A / TestDate 1 1S
ol oL e e

" Type of Cooling Tower (circle one): We@r‘ Dry Tower' .
Wet-Dry; Not Specified _

Type of Draft (circle one): Mechanical Draft; Natural Draft;
- Fan-Assist Natural Draft; Armospheric; Not Specified

'Fan_Configuration (circle one as applicable): Forced .Drafr,
Induce'd'm:aft; Not Specified -

Heat Transfer Configuration (circle one as apphcable) Counterflow;
Crossflow; Spray; Not Specified |

Type of Heat Transfer Media (cu-cle one as apphcable) Splash; Film
Not d

Type of Fill (specify) R A

Type of Hot Water Distribution System (circle one as applicable):
Pressure System; Gravity System; Not 5t Specified

Water Flow Configuration (circle one as applicable): Recuculaung.
Once-Throu,h, Not Specified

/ - -~ ‘ - ———

_ Type of Mist Ehmmator_ (specify): _1 > [«

m— ———
i S ———

EMISSIONIRATE CALCULATIONS:

- -

Measurement Method Used: T~ -~ v~ -2 _ ¢ B
CHeoded Rends ~

I
;

90.5 SEV kinseywizkt Q31490

J-2




CALCULATION SHEET

MR Project 8987-35
1,2 T 7
ReferenceNo.__ VR TypeofFacility: Xsce To-mo0 Theee oo
(e.g., power plant)
Location of Facility: (_Jzcize™ To o= _ TestDae RA®
Tond 217 2nve L o
Type of Cooling Tower (circle one): Wet Tower; Dry Tower;
Wet-Dry; Not Specified
Type of Draft (circle one): Mechanical Draft; Natural Draft;
Fan-Assist Natural Draft; Armospheric; Not Specified

Fan Configuration (circle one as applicable): Forced Draft;
Induced Draft; Not Specified

Heat Transfer Configuration (circle one as applicable): Counterffow:;
Crossflow; Spray; Not Specified
Type of Heat Transfer Media (circle one as applicable): Splash; Film;
Not Specﬁ;' d
Type of Fill (specify): __1 N/ =

Type of Hot Water Distribution System
Pressure System; Gravity System;

(circle one as applicable):
Nat Specified

Water Flow Configuration (circle one as applicable): Recirculating;
Once-Through; Not Specifted

At st
Type of Mist Eliminator (specify):

Y /<
2

S -\

EMISSION RATE CALCULATIONS:

Measurement Method Used: _y«akinehic D¢ S4 SoesNien
- 2 .

—

905 SEV kinsey whsht 031420
J-3
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CALCULATION SHEET
MRI Project 8987-35

74 Cuitaie X

Reference No. ‘Q : Type ofFacﬂuy AT\ VPO :=.\\_ 4. = - ‘C_:\' o
| (e.g., power piant) | '
Location of Facility: {2 ). ==« A T o N4,/ Test Date _1 1125

- Y
-~ - -

ol AT T

. —
- -
-y,

Type of Cooling Tower (circle one): ~W_,e_tTéwen Dry Towef; -
‘Wet-Dry; Not Specified

Type of Draft (circle one): Megchanical Draft; Natural Draft;
Fan-Assist Natural Draft; A.rmosphenc, Not Specified

Fan Configuration (circle one as applicable): Forced Draft;
Induced Draft; Not Specified

Heat Transfer Configuration (circle one as applicable): Counterflow;
“Crossflow; Spray; Not Specified

Type of Heat Transfer Media (circle one as applicable): Splash; Film;
Not Specified

Type of Fill (specify): R /" -

Tvpe of Hot Water Distribution System (circle one as applicable):
Pressure System;, Gravity System; Not Specified

Water Flow Configuration (circle one as applicable): Recirculating;
Once-Through; Not Specified

Tvpe of Mist Eliminator (specify): vo/<

- -cells

'l\);\".'f;f v S - A J\S&B\.\gg\wﬂ- 5\‘%\ _{,_,,_Jw._-r:ur¥ \—‘- |
— - -t -J'—— —

._.\...,.“v.u_t-k_._ﬁh-“\.b.u e o i \ C..._»-L e e

EMISSION RATE CaLCULATIONS: o T ASneemn

Measurement Method Used: » <« oWice Xic. ..\_\ gt Sas ?\\x:-n A
N

'90-5 SEV kinsey wicsht 03 1450
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CALCULATION SHEET
MRI Project 8987-35

- o—

L g ==

——

Reference No. __| R Type of Facility: ¥scc (0. 2% - T .
' (e.g., power plant)
Location of Facility: L )e A+ ¢ A T '\\*\7/ / Test Date -
et T ,_.\'\L- - '
Type of Cooling Tower (circle @r DryTower,

Wet-Dry; Not Specified

Type of Draft (circle one): Meghanical Draft; Namral Draft;
Fan-Assist Namral Draft; Armospheric; Not Specified

Fan Conﬁguranon (circle one as applicable): Forced Draft;

I@ﬁ, Not Specified

Heat Transfer Configuration (circle one as applicable): ('\/
Crossflow; Spray; Not Specified

Type of Heat Transfer Media (circle one as applicable): Splash; Film;
Not Spegified
Type of Fill (specify): (Vo

Type of Hot Water Distribution Svstem (circle one as applicable):
Pressure System Gravxry System; ﬂo_t@ed

Water Flow Configuranon (circle one as applicable): Recirculating;
Once-Through: 46t Specified

Type of Mist Eliminator (specify): __i > =3

I ;‘_

— =
- EMISSION RATE CALCULATIONS:
Measurement Method Used: Sieo-lime dic TSN & Mmoo ~\om, |
90-5 SEV kimney wizia 031490
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CALCULATION SHEET
MRI Project 8887-35

fo= i\ - Vo i

- ~~

Reference No. __| X Typeof Facility: ¥ o¢c 172 Zoe Tlwen ead C =N
'~ (e.g., powerplant)
Location of Faclity: Teanan oo [ S+ ocv o TestDae_i1/20
—_—n b '

Type of Cooling Tower (circle one) Wet To Tower; Dry Tower; _‘
Wet-Dry; Not Specified

Type of Draft (circle one): M@mﬂ; Natural Draft;
Fan-Assist Nawral Draft; Armospheric; Not Specified

Fan Configuration (circle one as applicable): Forced Draft;
Induced Dmft; Not Specified

Heat Transfer Configuration (circle one as applicable)': Counterflow;
Crossflows Spray; Not Specified

Type of Heat Transfer Media (circle one as apphcable) Splash Fﬂm
- Not Specified

Type of Fill (specify): __ { /<

Type of Hot Water Distribution System (circle one as applicable):
Pressure System; Gravity System; Not Specified
—

Water Flow Conﬁgﬁration (circle one as applicable): Recirculating;

Once-Through; Not Specifiesd
Type of Mist Eliminator (specify): __{ \/<.
= /- Z el L2 - Heell

s
— —

EMISSION RATE CALCULATIONS:

Measurement Method Used: -::K\ el Drl-‘-.-" “ - Er.g:l;b-.

S

90-5 SEV kixnay whzis 03 1990
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CALCULATION SHEET
MR Project 8987-35

h S—

?"\( -.IJ‘-)\..-—- —

Reference No.__L% . Typeof Facility: Kece TheBss, Theosza Sani
_ (e.g., power plant)
Locatdon of Facility: Ccens Tao ff;gm(\@ << Test Date _\ | 'Q\ﬂ
-~ Lok

Type of Cooling Tower (circle one): V@ivér; Dry Tower; .
Wet-Dry; Not Specified

Type of Draft (circle one): MegGaical Draft; Nanwral Draft;
Fan-Assist Namral Draft; Armospheric; Not Specified

Fan Configuration (circle one as applicable): Forced Draft;
Indu¢ed Draft; Not Specified

Heat Transfer Configuration (circle one as applicable): Counterflow;
Crossfiow; Spray; Not Specified

Type of Heat Transfer Media (circle one as applicable): Splash; Film;

Not Specified

Type of Fill (specify): __i M <

Tvpe of Hot Water Distribution System (circle one as applicable):
Pressure System; Gravity System; N_@gd o

Water Flow Configuration (circle one as applicablé): Recirculating;
Once-Through; Not'Specifies

Type of Mist Eliminator (specify): & /<

- e ils

EMISSION RATE CALCULATIONS:

Measurement Method Used: "\ < A ﬁc’ S et m-\:_l\\\m\
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Feom Test R-e.gat'h s

Prift Fraction and Emissions
' for Boron.and Sulfate

\

Becirculating. Concentration Drift A\ pass Emission
: : Flow Rate An mg/L Fraction Abs/hr
Tower (GPM) Boron Sulfate (%) Boron Sulfate

Borax Cooling Tower (<. Ce¢?) 3000 59 2100 0.0057  0.0053  0.231

#1 Sulfate Cooling Tower l:;u‘-{l) 3500 .80 3400 0.0092  0.0129  0.548

#2 Sulfate Cooling 'rom('ﬁ{/f_" 'JZ'.) 3500 90 4400 0.0035 0.0055 0.270

#3 Su;fate Cooling Tower ( -2?3?‘!7[\.) 3500 .9 ¥700 0.0457. 0.0789 3;765

e :

#4 Sulfate Cooling Tower f?':::‘::-) 9360 73 3300 0.0030 0.0103 0.46%
. “Cat

Lime Cooling Tower - 2950 33 1500 0.0011 0.00054 0,024

#11 Cooling Tower (% (& fist) 15000 1200 10000 0.0011  0.0992 0.826

#14 Cooling Tower ( f}-f/- ) 24000 270 11000 0.0024  Q.0779 3.173

ey :

Argus Cooling Tower ( # 2 ) 30000 53 2100 0.0113  0.0900 3.565
N i'f_"Y"‘.‘\ - f“‘..C)-..L.J\i.—_ "‘K.\\'\Q\q\, /_h \("\‘\ Q&J\Qg el S :’_-.-,._'_1_\ —\ AN Ly meae
e T e R A B=C - G N

S Ll TN ‘-\.-_:\\_ " —_— N :‘_-;“- :\)_. ~—

_'_ vz :_"ul\:.'...k"-'-'-""‘ v T F A s : 8

DF o liters/minute emitted _ _Kkj fs - ¢t - 1585
liters/minute circulated R-C
where:

DF = Drift fracticn (% of R)

FKJ e Mineral mass emission rate of sodium (-%E—)

a
Ap, = Area of the fan stack (=2)

S, = Number of stacks per tower

R = Recirculating water flow rate (GPM)

C = Concentration of sodium in the cooling water (mgm/L)

J-8
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Emiczien Footor -

" | CT = .000092 x ¥,
e JCT = ., 000028 * X
»2CT - ., o0043T % &
» HCT = 000030 * 2.
L'\m-& = o001l x &
= [l CT = ,000011 x &
« |4 CT = .oocoxdy x 32
p\ros.\s = 000113 * 3.

Ve <2 oo v \Q S C'_\"\_m:- D~ <N

fezumme H. O £ 28°C

3l T O.000T706
212 = O, booS
ZI2L T O.003F

2|12 = O. cocads
212 T O.o0owql
Zi12 * ©.00009]
22 T O. 00020
1A O, 0009
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described Dby e&uat.i:on R.B can be used in quantifying individual emission rates
&- ° - .

for all jons of ‘interest. *«

Table. y.z
Drift Fraction and Emissions.

for Boron.and Sulfate

Recirculating - Concentration Drift A Ha.sa Emission AN\

Elow Rate An me/L ﬂ'}&‘i?-“— ' Abs/nc

Tower : - (GPM) Boron  Sulfate (%) - Beron Sulfate
Bor;ax Cooling Tower (':.3 wies (el ) 3obo 59 2700 0.0057 0.0053 0..23'{ —1
#1 Sulfate Cooling Tower ,:?:z‘-‘fk\ 3500 80 3uw00 0.0092 0.0129 0.548
#2 Sulfate Cooling Touef('ﬁ(/g'tft-) 3500 90 44300 - 0.0035 0.0055 0.270
#3 Sulfate Cooling Tower ('.35-‘.74) 3500 91 4700 0.04ST  0.0789 3.765
#4 Sulfate Cooling Tower {?fffﬂ 9360 13 | 3300 0.0030. 0.0103  0.464
Lime Cooling Tower - 2950 33 1500 0.0011  0.0005% 0.024
#11 Cooling Tower (At {{'i;"ﬁ-ﬁ*) 15000 1200 10000 0.0011  0.0992 0.826
#14 Cooling Tower (f“{‘/' ) - 24000 270 11000 0.0028  0.0779 3.173
argus Cooling Tower (# 2 ) 30000 53 2100 0.0113  0.0900  3.565

_u.z Discussion of Results

The. drift fraction calculauons perromed using equa:ion 4,2 and the
ecncentration or sodium 1n the cooling wvater samples revealed drift fract.lons
petween 0.0011 and 0.0457 percent of recirculating water flow rate.

The 0.0457 percent drift fraction for the #3 Sulfate Cooling Tower
represents an unusu_ally nigh rate of drift losa. This could have been qaused by
a physical gap between drift eliminator panels; however, nol sych gaps were

visible to the test crew working at the exit plane of the fan stack. Another
J-12 '
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Tabie 4. Ia

IX Tube M X6 (log #11~079-3) . . Date of Sampiing: October 31, 1985
Cooi ing Water s'guu Mumber:: W6 (Log #11=079=13) furation: 5 wsinutes per gojat

Coollng Tower Néme: Borsx Coollng Tover (Westend Facility) Nusper of Poinrs Saoled: 16

Chaalenl Ansivsis

® Average of tive (5) sampiems of secDad pre-test rinse. (IK Tube Mas.)

A Indicxtion ot changml data J-13

" Cheaical Recirculsting  Redissolved Pretest 8lenk  Procssursi Mass-Minersi

Comtituent Coollng Water 1K Tube Residue IX_Tube Blenk - Flux
(sample) (sampie) : (sampie) a® " s

Metals ) T
Alusinum <0, 03 . = 15
Ant i mny <04 Co <200 <200
Arsenic : 0, 60 L1% ) _ () <5

© Barium .07 ] R )
Beryillluva «<Q, 006 <3 - <3
Beren » X3 4.5 6.0125
Cadmium o, a2 <10 <10
Calcium S 300 a.8 1355 0. 131
Chromium Total %3 <i5 <25 <1$
Chromiua (Hasx) <0, 02 <0 <10
Cobalt . <0, 04 <13 <15
Copper <0.03 <N 930 |
iron 0. 04 240 - 140 0. 0435
Lesd 0. 03 <5 A 2 A
Lithiua . <10 10 ‘
Hagnes lua Lt ' X : - 0. 0044
Manganas e 0,007 la3 ’ 2 ‘
Mercury - _ «QQ0R N <0, 3 ND
Mol yodenus <Q.2 <100 <100
Niekel <0, 06 <® <30
Porassium 26 <500 <3500
Selenium ' 1 <500 ' <%00
Silicon . 26 20 100
Sliver - <0,00 < <$
Soaium " 9900 ss00 A\ z w0 A 2403 A
Stroatium .6 3 1.5
The!llum <0, 4 <250 <200
Tin C <0. 6 <300 <300
Titeniua <0, 006 : 4 -
Venad lua <0 2 ‘ <15 <13
Zlinc T <0,08 <40 <40
Anlom
Chioride 13,000
Flwride 36 - , <3
Sultate 2,700 2,40 A\ <998 s A o A
Soilas - .
Total Dissolved ) 25,000 2,000 /A - _ 2,000 A

Sollas




Table 4. Ib
IK Tube Number: » IK11 (Log £11=079=9). Date of Sampling: October 31, 1986
Cooling Water Sagple Nusber: Wil (Log #11=079=19) Durstion: 5 minutes per paint
Cooling Towar Nais: #1 Sultate Cooling Tover (Westend Facility) Mumber of Points Semplea: 16
- L ot
Chemieni Analivsis '
" . Chemical Recireuisting  Redissolved Pretest llnnh.._ Proesdursl Mass Minerasl
_ Constltuent Cooling Water IX Tube Resldus.. 1K Tube Second . 8 lank Flux o
: (ng/L) {sicragrams) (micrograms) : (_-lcr_egn-)_ ‘ ?- :
(sample) (sample) . (sampie) at "' s
Metals .
Alusinum <0.Q3 %0 : 15 .
Ant | mony <0.4 - <200 ) : <200 : .
Arsenic . 074 €15 N ] <15 L
Barius .07 - S ‘ a0
Beryilive <0, Q06 <3 ' : <3
Saron a0 ) 4.5 Q. 0397
Cadmium Q.02 <10 _ <10
Calclua 16 : 1900 -3 ] 135 0. 818
Chromiua Tetal ) <15 €29 <15
Chromium (Hex) <0, Q2 <10 <10
Caobalt <0, 03 . <15 - <%
Copper Q.16 3 ‘ 930 .
iron <0, 03 T 2,080 : ' 140 Q. 838
Lesd <0, 03 a.s AN 2 A
Lithiue 093 15 . 0 _
Magnes lum - 55 s} 0.0154
Manganase <0, 003 9 , 2 .o
W ercury <0, 002 N <0.5 ND
Mol yodenus 0.2 <100 <100
" Nlckel <0, 06 <X <30
Potass lum 120 <500 <500
Selenius <1 <500 <300
Sillcon 64 100 100
Sliver - <0a 01 < <$ '
Sod lum 13,000 18,000 A z o A .85 A\
Strontiue b9} (] 1«5 -
Thaliium <0, 4 <200 <200
Tin <0, 6 <300 <300
Titanlum <0. 006 a4, 3 ' =2
. Yansalum e.2z7 ' <13 <13
Zlne <0, 08 ‘ 900 : ' <40 Q. 377
Anlom _
Chioride 19,000
Fluoride 4.8 : 10 _ <35
Sul tate 3,400 a6 A <995 < 50 A Lem A
Solids . *
Total Dissoivex 134,000 60,000 A 20,000 A
Solids ' .

* Average of tive (5) saspies of second pre=test rinse. (IK Tube Nose)
/A indication ot changed data J-14




Tabie & 1

IK Tube Nusber:: 1K2 (Log #11=075-2) . Date of Sampling: MNovesber 1, 1986
Cooling Water- Siagie Number:: W2 (Log #11-075=12) ~ purstion: 5 sinutes per point

Cool ng Tower Nehds #2 Sultate Cooling Tover (Westend Faci1ity) Nusber of Polats Sampied: . 16

Chemicnl Anm)ysis

Chamical Recirculsting Rad isso | ved . mtﬂhnk._ Procadural Mans Mineral
Constituent Coollag water—- iK Tube Residuss: K Tube Second- - 8 lank - Flux -
-~ /L) (micregrems) . (sicrogrems)  (sicroorem)  ogmms
tsaspie) :(sample) (sample) - a"°"s
Metals T .
Aluminus <0, 03 4 15 .
Artlmony <0.4 <200 - <200
Arsenic 1.0 "-’ t, “.5 ‘ A
Barlus 613 10 : L
Berylliva <0. 006 <3 . <3
Boren ° Y 4.5 0.0195
Cadmiua a.03 ' < <10 _
Calclua N 240 - B8 155 . Ga 090
Chrosiua Toral 12 <19 <25 <1 ‘ .
Chromiua (Hax) <0.02 <10 <10
Cobalt <0,03 <13 : <15
Capper <0, 04 < 950
iron <0. Q3 900 ' o 0. 353
. L <003 s A 2 A\
- Lithium . o9 hil) 10
) Magnes ius 4.3 - 2
Manganese 4.0 45 2
Mercury <0, 002 N . <0. 5 ND
Mo | ybdenus _ <0.2 ] <100 . <100
Nickel <0, 06 <X <X
Potass lus 140 ' <300 <500
Selenium <l <500 <500
Sllien 0 100 100
Sliver - <0, 01 <5 <5 :
Sodive - 16,000 0,500 A 2 0 A s A
Srrontiue 4.4 3 1.5
Thalliue <0, 4 <20 - <200
Tin <0.6 <300 <300
Titaniua : <0, 006006 n z
Vanad ium 0. 34 <18 <18
Zing <0, 08 - <40 0, 022
Chioriae 7,000
" Fleoride T 52 108 <5
.- Sultate 4,400 - 5,10 A <995 <so0 A\ s A
Sollas . .
Total Dissoived 142,000 [ 90,000 A ;,000 AN
Sollds '

® Average of five (5) sampies of second prevest rinse. (IK Tube Nos.)

- /\ insication ot changes asta .
. J-15
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Tabie- 4 W
" IK Tube Numper: i 15} (Log #11=075=1) Date of Sampling: Novesper 1, 1986
Cool ing Warer Saiple Nusber: W1 (Log 211=079=11) " puratien: 5 minutes per point
Cool ing Tower-Nemp: #3 Sultate Cooling Taver (Westend Facility) jNumber of Palng Sampled: 16
Cheaical Ansivsls
Chemical Recirculsting  Redissoived Protesv.Blank .  Procssursi Mams Mineral
Const|tuent Cooling Warer-. K Tube Resigue . K Tube Second, © T Blank Flux
_ (/L) (micrograss) (sigrogrems) - (microgroms) -%_-_---.
{sample) (sampie) (sampin) "l |
Matals ]
Alusinua <0, 03 40 . 15
Ant|sony <0, 4 <20 _ <200
Arsenic .95 L0 0.5 <l.3
Barium 613 5 . 80
Beryilium - <, 006 <3 <3 .
Boron N 800 _ 4.5 0. 345
Cadmiua Q.03 <10 : <10
Calcium L) ‘ 480 3.8 135 Q. 195
Chromiua Total “ 108 <5 <13
Chromius (Hex) <002 <10 _ <10
Cobalt . <0, 03 <13 <13 o
Capper <0, 04 » : . . 950
iron <0, 03 300 ‘ 140 Q. 0702
Land <0.03 s A 2 A\
Lithium Q.97 425 10
Megnes lua 6.3 &0 - + 00173
Manganese 0. 014 a3 ' L 2
Mercury <0. 002 D <0.3 - ND
Mol yodenum <0, 2 - €100 : <100
Nickel <0, 06 <X . <30
Fotassium 130 500 <500
Selenium T — <500 . <500
~ Sitleon ) 1] 20 100 _
Sliver <0, 01 < . <5 '
Sodium 16,000 10,000 A z 0 A w2 A
itroatiue 4.4 11.5 1.9
Thaillum <0. 4 <200 <200
Tin <0.6 <300 _ <300
- Titanium <0, 006 2 2
Vansdivm () - <18 <19
Zine <0, 08 . T <4 ) : . <40
Anloms
Chioride 25,000
Fluoride 5.4 43 s
Sultate _ 4,700 3,000 A\ <933 <m0 A e AN
Sollds -
Total Dissoived Y2, 000 325,000 N 20,000 A
Soilas
® Average ot tive (3) sampies ot second pretes? rinse. (IK Tube Nos.),
Idicates changs of date J-16




Table & If

K Tube mncr-g 19 (Log #11=079-2)
Canling water Siampie Numer: W9 (Log :n-cm-m Durstions 5 sisgtes per—polnt

Cooling Tower Name: #4 Sultute Coollng Tower (Nestem Faciiity) Nuaser ot Pownts-Sempiair 13

Pmedmi N M1

. Date of Saspling:s Novesber 2, 1986

)
J ' ' Cheaical- Aneivsis
J

Chesieal- Recirculating ~ Reiissolved ’mri'n-m.m' o
- Constituent Soollmg Waver™. "IK_Tube Residue—-- ' IK Tube Secomd Toleax” - —EL -
2 E g/ ": {microgram) ...--(-lm) (alcrograss) ‘?_  los
" (sample) (sampie) (sampled n
i Merals _-:';-'-3-;
Alumsinua <0. 03 13 . 13 e
Antisooy <Q. 4 <200 <200 -
Arsenic 0.65 <19 GS <15 . "
Berium .0 S - ] ol
Berylllua <Q, 006 <3 . <3
Boron 3 €<Wd <4, 9
Caomiua <0, G2 <10 <0
Calclum 78 180 n. 155 0.067(
'-l Chrosius Total X <19 2.5 <15 :
Chromiua (Hex) 4 <10 <10 o
Cobalt <0, 03 15 <13 '_:
Copper <0, 04 - 950 .-
_| tron <0, 03 ns “o
, Leed 0,03 <ls A 2 A
Lithiua 0.8 <10 10 )
-] Magnes lue ] <3 b1] 0. 0047
Manganese <0, 003 1.9 2 '
Mercury <0, 002 - ND <Q.5 ND
'1 Mol yodenua 0. 2 <100 <100
Nickel <Q, 05 <3 <X
Fotass lus <, 100 <500 <300
Seleniua 3 <500 <300
1 Sliicon &0 100 100
Sliver <0, 01 < <5 '
Sod lum 12,000 2,600 A 2 = A Lo A
n Stroatium 3.0 1.5 .5
Thallium <0. 4 <200 <200
Tin 06 <300 <300
ﬂ ‘Titanive <0, 006 11.9 2
Vand lum- 0. 25 <19 <15
Zinc <0.08 <40 <40
H Anlom
Chicriae 15,000
F luaride 41 <9 <5
H Sultate 3,300 < A\ <995 <0 A ae A
Soilds ‘
::‘::ummtvd 18,000 A 2,000 A

® Average ot tive {3) sampiea of second pretest rinse. 1413 Tube Nose)
A Indlcate change ot date J=17 ' .-




v e dle- ] l
IK Tube Nuspers IKS (Log #11=079=4) _ Date of Sampiing: November.2, 1986
Cooling Mater Simple Numper: WS (Log #11=079=14)..- burstion:. 10 misstes per: point l
Cooling Tover Nimm: Lias Cooling Tower (Westend Facility)  Nusber ot Folim. Sampiwmiz. 18
Chamical-Ansiwmis ’
Chemica | Recieculating - Radissolved _Fl'cr-r'!lmk.- Procetursl Mans- Minersi :
Constituent Cooling waters: IK Tube Residues : IK Tube Secomtx_ ' _ Blank . . Flux |- l
<w-ugsl) i (microgramss) = laicrogram) (micrograms) = oo
et = (sample) ~* (sample) (sampie) a* s .
Metals . ' : ]
Alusinua 0,03 b 15 e '
Antimony <C.4 <200 v <200 s
Arsenic 58 ‘L5 -] <5
Barium 0. 04 S .0 ' '
Berylllum «g, 006 <3 <3
Soren 3 €23 4.3
Cagmium <0, 02 <10 <10 l
Cailclum » - 600 - N 135 Q. 117 1
Chromiua Total <0.03 <0, 3 €25 <15
Chresius (Hex) <. 62 <10 <10 _ 'I
Cobatt .03 €03 <13
Copper <0, 04 <0. 4 - 9%
iron <0.03 &9 . - "o
Load <0, 03 2 A 2 A 1
Lithium 0. 49 2 10
‘Magnes lua 1.5 0 2 0, 0373
Manganese <0, 003 <2 2 ' 1
Mercury <0, 002 ([ +] <05 ND
Mo | ypdenus <0.2 <100 <100
Nickel <0. 06 <3 <30 _ 1
Potass iua 56 <500 <300
Seleniua <) <500 - <300 .
Siiicon b1 200 100 : 1
Sliver <0. 01 <9 <5
Sod lum 4,400 3,30 A\ 2 0 A ez A
Strontiua P 1.9 1.5 -
Thatllua <0. 4 <200 <200 1
Tin <6 <300 <300
Titaniua <0, 006 2.5 2 '
Vanad lue 28 <15 <15 H
Zine <0, 08 <40 <40 '
Aniom H
Chioride 6, 100 '
fFluoride 0 .0 <5
Sultate 1,500 70 A\ <995 s A oo A H
Sollds )
Total Dissoived 113,-000[ s1s,000 A\ »,00 A H
Solids . '
® Average ot tive (5) sampies ot second pratest rinss, (IK Tube Nos.)
indicates change of data J=18 . l
44




Table 4. 1g

IK Tube Nusbers 1 IK8 (Log #11=079=7) Date of Sempling: Novesper 3, 1986
Coolling Water Ssipje Nusber: W8 (Log #11=079=17) - Durstion: 3 sinutes per poist
Cooling Tower Nasl:- #11 Cooling Tower (Trons Facllity) Nusber of Polm‘_slulds 16

Chemical Anaiysis '

Chesical, Recirculsting , Redissoived Pretest Blenk®  frocedurs]  Nmss Hiners)
Const | tuset “Coalling Weter - ~1K"Tube Residue . Ik Tube Secomi-  Blank Flux:
(/L) Ttsierogram) - lslerogram) ;.  (microgress) Ly
LR "ﬂf’;_(ml.) (sample) ’ .(llﬂl.) a“*s
Metals .
Alusinus <0.03 ] 15 _
Ant| sony , <0.4 <200 <200 -
Arsenic " ] 05 <l.S ‘
Barius 0. 04 s 0
Berylliua <0, 006 3 <3 ‘
Boron 1200 460 4.9 T G2m
Cadmium 045 <10 <10
| Calelua Te6 1“5 .8 158 Q. 048
Chromium Toral <0.03 <13 <9 <15
Chromium (Hex) <0, 02 <10 <10
Cabalt <003 <19 <19
Capper <0. 04 <D : 930
tron - -4 35 140 0. 0835
Lead <0, 03 : A 2 A
Lithiua 32 10 10
Magnes ium %.2 45 : D ¢, 0110
Manganes e 0, 0016 3 ‘ .2
Mercury <0, 002 N © 40,5 ]
Mol yboenum <0. 2 T <100 <100 .
Nickal . <0. 06 <D <30
PoTass ium 2100 3000 <300
Selenium <1 <300 <500
Sllicon &6 - 150 ’ 100
Slivar ‘ <0, 01 <s. : <s
Sod lum 11,000 es00 AN\ 2 w0 A Loee A\
Strontius 2.2 3 1.5
Thallliuva <0, 4 <200 <200
Tin 0.6 <300 <300
Titaniua <0, 006 -3 =
Vanad lua <0, 03 <1 - : . <15
Zinc <0, 08 ' <40 ¢ <40
Aniom
Chiorioe : 21,000
Fluorice 4.6 < <5
Sultate 10,000 s000 AN\ <995 <0 A wou A
Sollas ‘
Tots! Dissoived 60,000 | - “,000 A\ L 2,000 A
Solles § . .

* Average ot tive (3) sampies of second pretest Rinse. (IK Tube Nos.)
Indicates change of data J=19

!



IX Tube Nusber: 3 IK7 (Lag #11=075-6)
Cool ing water s-b‘l- Msber: ¥7 (Log an-cm-m

Ceoling Tover Namm: F14 cnollng Tower (Trona Facillty)

Chamica)
——————————
Cans?t i Tuent

Marais
Alusinue
Antimny
Arsenic
Barius
Berylliue
Boron
Cadnium
Calcium
Chromiua Total
Chromium (Fax)
Cobalt
Coppar
iron
Lead
Lithius
Magnes ium
Hanganas e
M ercury
Mo | yedenum
Nickal
Ferassius
Selenium
Siicon
S5liver
Sod lum
Sirontiue
Thatlium
Tin
‘Titaniua
Yanad ium
Zinc

Anlons
Chioride
F luoride
Sultate

Solias
Total Dissoived
Sollds

?

Recirculating llulmlm —
Cooling lﬂ--t' lK ‘I‘mﬂ-ldm a: IR Tube- Second

El‘l-)
(sample)

(mg/L)

<0, 03
<Cud’
"
Q.02
<0, 006
20
)
W2
<0, 04
<0, 02
«0. 03
<0, 04
QL2
«<0. 03
4.0
Te?
Q. 016
<0, 002
<. 2
<0, 06
s70
K3
9.1
<0. 01
19,000
4
<0. 4
<0. 6
<0, 006
<0. 03
<0.08

25,000
65
11,000

7,000 |

Table 4. 1h

Date ot Sampling:
Durarien:

CM-lﬂi MMEI

(alcrogram ) ;
(saup le)
T
<200
4 0.5

13 35.8
<13 <25

0.5

<100

<X
<500
<500
100
<5

9,000 /N =

<200

<300
17

<15

s,000 A\ -

3,000 A\

* Aversge of five (5) sampies of second pretest Rirse. (IK fub- NoS. )
A indicates change of data

J-20

mr!lmu' o

" Procmiural
S —

(micrograes )
(sampia)

19
<200
<15
a0
<3 :

45
<10
155
<15
<10
<15
950
140

10
<100

<500

<3

<o A\
20,000 A

Novesper 3, 1986
5 minytes. par point
 pusper of Points Samples: 18

L

Q. 0528

Q. 823

Q. 0039

. ;154 A




Table 4. 11

IK Tube Nusber:i IK4 (Log #11+079=3)
Cooling Water Sﬁ_g‘h Nusber: W4 (Log #11-079=13)
Coolling Tower Namm: Argus Coollng Tower (Argus .Faelllty)

Chamical Anaiwsls

Cheamiesl Reclreuiating Rexi isa0 vad Pretast 8 lank®
Comst | tuesnt ..Cooling Water - 1K Jube Rasidus = IK Tube: Secomt
- = (ug/L) Jsicrogrems) Asicrograms )
LT IR .. (sampie) (sampie)

Matals L8y

Alusinum <0, 03 - 4}

Antl mony <0, 4 <200 .

Arsenic C.3% L9 -]
Barium - .08 s
"Baryllium <0, 006 <3

Boron 3 210

Cadmium <0, 02 <10
" Calelum “ .o ] n.8
Chromium Total n r— <23
Chromiua (Hax) 4 <10

Cobal?t . Q.03 <15

Coppar <0, 04 12

iron T 0,03 25

Lead <0. 03 ¢« A\

Lithium .0 <10

Magnes [us 2 100
' Manganese <0, 003 5

Mercury <0, 002 . W <03
Mo | ybdenum <0.2 ' <100

Nickel <Q, 05 <X

Potess lum (1] <500

Selenium < <300

Sillcon - 60 200

Sliver <@. 01 <9

Sodium 8,200 24,500 A z
Strontium 2.7 1.3

Thatllume <0, 4 <200

Tin <0.6 <300

Titanium <Q. 006 17

Vanad lum .. <18

Zinc <0, 08 <40

Anlom

Chioride 12,000

Fluoride 3 18

Sul tate 2, 100 7,000 A\ <998

Sollds

90,000 A\

Toral Dissoived

! n,ms
Sollas b

* Avarage ot five (J) sampis of second pretest Riu.. (IK Tube Nos.)
J-21

A IndicEtes change of data

Date ot Sampling:
" Durstion:

Erocedural

B iank

(-Iggn-) ‘

(sampie)

15
<200
<1.5

80
<3
“4.3
<10

155
<13
<10
<15

<100
<30
<500
<500
100
<5

.5
<200
<300

<13

<3
<500

20,000 z@;

5 sinutes par point
Nusber- ot Polm:.slnuln: 16

Novesper 4, 1986

Mass nl‘ural .
- Flux
_-g_. ’- .

Q. 090

0. 024

0. 0680

0, 0351

073 A

28 A
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APPENDIX K

EMISSION FACTOR CALCULATIONS AND REPORT EXCERPTS
FOR REFERENCE NO. 28
(see Section 4.2.11 of text)




)

CALCULATION SHEET
MRI Project 8987-35
Reference No. a? 37 - Type of Facﬂity; -7'::4;";'7;'.‘/4/
(e.g., power plant) ~
Location of Facility: (ot f""‘? . ""_4/3-’ / “TestDate ___7~ ZA’ il

; Type of Cooling Tower (cn'cle one)'( Wet Tower; ] Dry Tower, S
Wet-Dry; Not Specified

Type of Draft (circle one): @decha.nical Drafty Natural Draft;
Fan-Assist Natural Draft; Armospheric; Not Specified

Fan Configuration (circle one as applicable): Forced Draft;
(Tnduced Draft; /Not Specified

Heat Transfer Configuration (circle one as applicable): Counterflow;
. Crossflow; )Spray; Not Specified |

Type of Heat Transfer Media (circle one as apphcable) -Fﬂm
Not Specified '

Type of Fill (specify): pﬁ/’_ﬂr? Vo boor Flted”

Type of Hot Water Distribution Systemn (circle one as applicable):
Pressure System; Gravity System; (Not Specified

Water Flow Configuration (circle one as applicable):@ecirculaﬁng; )
Once-Through; Not Specified

Type of Mist Eliminator (specify): //if Jﬁé{%&/

EMISSION RATE CALCULATIONS:

Measurement Method Used: "u// Lz 07[ Al 1 Qa7 Cr W 7% / 5’ Soaatr _

j cokinetre // u/ Zom, //ﬂ a/ /el

Chfhsvs 7 i

* WenLron //K/W/ on % / ;'“ SEV biny wicht Q11450

K-2




Imit, Wels 499, 555
Eim. V)= 254,727
# Fact:or-= 1. 01&
Lest: Chacks . DGT
Earo, F= 29,79
&tatic P= ,22
4 02= 23,9

% CD2= 2
% H2e= T
Ce= .85
| Times 4i%. 453 |
THet U= 1SS Ta
&td U M ez 4, o )
HO>Sat .

v H20CEs+. b= 1, 24931
EStack &= J&, 8062
fve M T= TE. 4125
fve ga- Twe= 5228510
s Des , TOU0L

/—//'am /%7//4-(;)& /_4/ Lﬂ/—f’ i _4/ /5744-1;*'@
7

a—

3/¢/7>
s

Init, ‘igl= 429, Soo
Fira Vo= €54, 727
M Factar= 1, 61€
Leak C-exi= . 063
Baro, P= 249,
Static P= 22
% Q2= 20.%.
2C02= 0 -

w H2e= T

Cez g2

Time= & 277 -
Nozzle D= , 1%

Net Uol= 155, 20y

Dre St us {55, 423

£1d VoluM~3d= 4, qanes
H20)>Sa+

% H20(Z3t, »= 1, 89921
Stack F= 2%, 8862

flve M T Te 410s

Ave se- ez | 20841
fve Dp= 395002

Aue Dh= 1, cTES

Aue St T= 3,05

e ——

fave Dh= 1, 67ED
e St T= 63,00
Stamk Lals 18454, 97 % lso= 95 2783

Dry M= 22, 53¢

(;’I""." Mid = :.':E;- E‘:'E- Excess H!l'=—113?43
Excess Hvr=-118747 bet MU I a4g

vet M= ZE, €148 BRADSF Fa—tor=

GR/DSF Fattors 9. 9054, T

9, 9QT <TE-N2 Factor "Th0l = 13,0718
Facter  T=023& 17,8718 "AXIS 1= T, 52

a1% 1= Thel TR AxIs z= T3k, 53

@lI% 2t TTe. 52 CIRCUL &P 2TAlK
CIFCUL«F STwik )
HOFM= 1. Z1409E+0E
WECFM=_ 1. 22002E+R:

[OECFM= o. 177 12E+BE ]

|

, - -,
'45: SHOwlr1 ezl !

219 ¥
o288

/55, #
1197720
X %

# 788 ¥€ O

Hetvel | T sumpliey Fme ﬁw}/ =
/$2;’2527é; 674&bvh52:;;:r (’/A?)/ =
;5:2r7>¢7/%3 Lo lom e (/;725=757 =
Totil cell aw o vate (dsctm) =
Fowr cells )
Totel strik How rile (dseham) =

E s valor ™ Samphoy Fnce (e R



gt &

‘ . Az
- . . . _..d-—ll\‘.
Fran @W /g . -5~ oF 67.‘},@/5' 2L/
- - : 7 C=gmpen
- - - s "y !
RN 061 i 5’.—- S ’/.)__ I
0 987 ' 234 -3) - ‘ l
TOoTAL  |&/,187 | TOTAL [T a (| TOTAL TOTAL
HpG . " - , - PO
N(‘: TIME a . . ’ AVG N 0“"3 AvG . l“'\ .:t"-” Sl VG . ave 'i.s._u—
A - - TAAVERSE AVG \.': o ‘ 7.."'7'77 TRAVERSE AVG \ 0
] ‘ ’ ‘
c
O som =\;'(!04o.c.A) =va (.._._) us GPM 74(’ j'\ | USGPMm
BASIS AIR'WATER MANOMETER _ 15100 (23 R Rigers J
_
* CALCULATED VALUE DECREASED BY DISTANCE FROM END OF PITOT TUBE TO CENTER LINE OF IMPACT HOLE
h=5
h CTIFORM ATC-108 E _. .

WeTorstow  rate #r Zcells (S4) = /5po0

\
M

—_——

o Arerdiy A 2 A-C o 4?//4%@ i

Frr A -54/7_/5 @m/?n_.s

Requestor ID Description _Conc. Br _4,9‘_(&)

100 A Basin Ho0 Before . 29.4 ppm
7". et 100 B 29.8 29,9
ripticasc 100 € . 30.6
45465:,4 ' _

101 A - Basin Ho0 After 19.6 ppm

101 B . 26.2 2% 0

101 C 23.2

K-4




e
LT -

B/ NS
' A
/g;nn /;2;47— /4 l;;”é6;'45;f7’74= .A@kzz?z;? (255*7t//
of ffmz‘@
j?ﬁfut&fbﬁ 47 15%254&7!&75¢5!L ' dizﬁkda ‘é@ﬂ A?ﬁa
102 A . impinger Contents 0.037 ppm
102 8 : 0.038 0,057
102 C _ - 0.032 ,
103 Filter . 0.082 ug Br
104 A Hz0 Rinse 0..029‘ppm |
104 B 0.033  p.0207
104 € 0.030
105 A Acid Rinse 0.011 ppm
105 B ' 0.007-  4,00f7
105 C 0.008 - |
106 A H20 Blank 0.008 ppm
106 B 0.006 0.00E0
106 C 0.010
107 A Acid Blank 0.008 ppm
107 8 o012 .01
108 A Filter Blank . P
108 B 0-oa0 18 B 5.007
£ fepe-29)
from p- & o /omwe” SAMPLE ANALYSIS RESULTS
Sample - " Sample Total
* Sample Veol. Concentration Br
No. Description - (mL) (pg/mL) (ug)
100 Basin water before test - 29.933 -
101 Basin water after test - 23.000. -
102 Impinger cont. 182 0.036 6.552
103 Filter - - 0.042
104 Water rinse 205 0.031 6.355
105 Acid rinse 107 0.009 0.963 -
106 Water blank - 0.006 - 232
107 Acid blank - 0.011 - L/F
108 Filter blank - - 0.009
are run in triplicate. The

All samples, except the filters,
average of the three values is recorded in
calculation.

K-5
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COMPLETE CALCULATIONS

This appendix provides the calculations for Lhis test, complete
with all correction factors applied. All numbers have been rounded to Lhree
significant figures. The data used was taken frem Tables 1 and 2 in Lhe
report. '

The total weight of Br in the sample train (Br.) is the sum of
the Br found in the impinger content (Br ), the water rinse (Brw), the acid
rinse (Br ), and on the filter (Br ). : :

»

Br., = Br

T + Brw + BrA + Br

I F
6.55 + 6.36 + 0.96 + 0.04 = 13.91 pg Br

“ Corrections (B.) for the acid blank (Ay) and Lhe water blank (W)
~must be applied Lo the weight of bromine collecteéd in the sample train. ?n
this test, 182 mL and 205 ml of water were used in the impingers and water
rinse, respectively. For the acid rinse 107 mL was used. A blank filter
(F ) was also analyzed.

(Ag) + (W) + (Fp) -

1.18 + 2.32 + 0.01 = 3.51 pg Br

(By)

The net corrected weight of bromxne in the sample train due to
drift (Brc) is:

(Brc)

(B"'r) - (B.r)

13.91 - 3.51 = 10.4 pg Br

After obtaining the corrected Br weight (Br ) for the sample train,

the concentration of Br (in pg/dscf) in the stack air is calculated {rom
the sample volume, VS:

BT _ 104 pg Br
v 155.4 dscf

Conc. Br in stack

5

0.067 pg Br/dscf

Since the total stack flow rate was measured as 4,788,480 dscfm, the total -
Br emissions from the stack (Brs) is calculated by:

Total Br from stack = 4, 788 480 dscfm x 0.067
dscfm

320,828 pg Br/min

B-2
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from 7 55 oF Kt D

The volume of basin water, Wv, required to deliver 320,828 upg of
Br is calculated by: .

‘. = Jotal Br from stack
\) Conc. Br in basin

= 320 ,328_|-13_Br/min _ .
- 26.5 pg Br/mlL = 12,107 mL/min

Converting to. gallons per minute gives:

o = 12,107 sl/min _ o, oo
8PM = 378G mL/gal. = - P

or 192 gal/hr.

The percent drift, % D, can now be calculated according to the
equation: :

Vol. basin water from stack (wv)

D= “Total water vol. through basin x 100

3.2 gpm
30,200 gpm

x 100 = 0.01%

B-3
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/‘/{"M :w é”ﬂé, = -:;5:7///;
/M—-/ bud M = Tf rw

- .
. -

75 =, ~;' Fow o)™
7_/ 0/44/ ‘/” _ 77_/ / /‘ :/ 7”}/
= /75 AF

T - Yot _saei e frz)

| bY 4z &
WZA - Nozzfe gred /'/t/
- 2 zf/u;x 'Eé,; P O.00032%/ #z =

WER — ez AT 6//3“4-'/

27655 _ 28 576,750 g fus

755;0;‘:///;@. X gL

LT = Zgonaler gl Are (ommr)
4

7

240 min
FTE = Dtoen Tranens Lortariratisn. (mmea/s )
25;5“/7 5:-/”-4 = 24.5/1147/2
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To oheck (ilulolions:

100 * ( NFA * NWT ) /7 ( NZA = WFR * £QT ~* 3TC )

% Drift =
NFA s Net Fan Area (square test
NWT = Net Weight of Tracar (mcg)
NZA = Nozzle Area (sguare fest) o
WFR = Watarflow Rate (grams per minute)
EQT = Zguijvalent Sample Time (minutas)
BTC = Bacin Tracer Concantration (mcg/g)

VLot = 00 x __&l77 + /0%
0.000%/ X 28,576,750 x 240 X 2¢. ¥ 7

0.0 70 &

= Lole¥ ﬁ%f 232 st
gﬁ /50 - ;-( zd/dﬁ-’x %47’/

= gy x ot tbsdor
3.! H:0 #n

Db oot A
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COOLING TOWER INSTITUTE TEST REPORT
DRIFT TEST

4-CELL
MECHANICAL-DRAFT CROSS-FLOW COOLING TOWER

I. INTRODUCTION

The testing services .of the CTI were retained by

Inc., under Contract to conduct a drift test on a '
4-cell mechanical-draft, cross~flow cooling tower located
at the Refinery. The work was performed by MRI under contract

with CTI as the official CTI test representative. The Cll Lest representa-
tives were Mr. Thomas E. Weast and Mr. George R. Cobb. The

which was contracted to repair and uoerade the tower, was represented by
The plant was represented by

Cooling tower drift is defined as the percent of water flow
through the tower which exits through the fan in the form of water droplets
or aerosols. The amount of drift from the tower was determined by isokineLi-
cally sampling a representative fraction of the tower airflew and measuring
the amount of aerosol leaving the stack. Sodium bromirde (NaBr) was spiked
into Lhe basin as a tracer for the analysis. Neutron activation analysis
(NAA), an extremely sensitive detection technique, was then used to measure
the amount of bromine exiting from the stack. From measurement of the Lolal
bromine collected in the sampler and the concentration of bromine in the
basin water, the drift rate can be calculated.

II. TEST SITE DESCRIPTION

The is located in ‘
Cooling tower serves several refinery processes. The &4-cell evapo-
rative cooling tower was a conventional splash bar filled, cross~flow design
~ builL approximately 10 years ago. During the rebuilding, it was equipped
with Doron V-bar fill and new fan drives.

Water was supplied to the tower by two 24-in. nominal diameter
risers. Pitot taps were installed in the vertical section of the riser at
approximately 40 ft above grade. The cold water from the tower normally
passes through several pumps to the plant processes; however, on the day of
Lthe test only one pump was in operation due to the low heat load available.
Two cells of the tower were used at the beginning of the test, but an in-
crease in heat load during the test required the use of a third cell. Even

though total flow to the tower was increased, flow to each cell was kept
constant. '

K-10




TABLE 1

_ SAMPLE_ANALYSIS RESULTS

: Sample Sample Total
Sample Vol. Concentration Br
No. Description (mL) (pg/mL) (ug)
100 " Basin water befors ‘test .- . 729.933 -
101 Basin water after test ' - .~ 23.000 ' -
102 Impinger cont. 182 "~ 0.036 6.552
103 ' Filter - - 0.042
104 Water rinse 205 0.031 6.355
105 Acid rinse 107 0.009 0.963
106 Water blank - 0.006 -
107 - Aeid blank _ - 0.011 -
108 Filter blank - - - 0.009

All samples, except the filters, are run in triplicate. The
average of the three values is recorded in Table 1 and was used in the
calculation. .

V. CALCULATION PROCEDURE AND RESULTS

Since the calculation of correction factors needed to determine Lhe
drift rate are relatively complex, the calculation procedure without imdi-
cating the corrections is presented in this section. The purpose is Lo pro-
vide a clear picture to the principles underlying the calculation of Lhe
drift rate. The actual calculations with all the correction factors have
been pruvided in Appendix B. The sampling data used in the calculations are
shown in Table 2.

TABLE 2

SAMPLING DATA

Description

Corrected total Br in sample 10.4 pg?
Sample volume 155.4 dscf
Stack air flow rate 4,788,480 dscfm
Basin water Br concentration 26.5 wg/ml
Water flow rate through the tower 30,200 gpm

a

See calculations in Appendix.B.
Includes all fans. _
Based on 7,550 gpm per cell.

K-11




Init. Jol= 4“9.5-0
Fire Unl= 04,727
M Fact‘-l‘= 1. 313_
Leuk Crech= . 063
Earo. P= 2979
Static F= .22

L 02 a8

u coz2= 9

l. Hza’ -’

?‘350( 5+, = 1, 34941
Ctack == ;i 956“
five su- ﬂﬂ-r;ie 512
e Dhve 1.67Es
2::.22 Te 62,05
Stack Val= 1954, 97
SE———

e MUY i Toe
%xcess Avr==-115743
Wet MW= 23,62 4’
GR/DSF Faotor

Q, 9T 4 =02

F,gtarx.xo ¥= 17 .3‘18'

. =02

“I\IU 1= :_‘t""
ALl 2 TTs. 52
CIFCUL<F ZTCK

a4 FM= l.-!4Q”E*ﬂE

Init. vizl= Jea, go-

& e

Fir. Unl=s ggq, 7o7
M Factore 3, 919
Leak Cwesi= | ag3
Laro, P= 29,19
Statxc pP=s 20

w Q2= Zg, 9 .

w C02= 1

% H28= T

Co= _ 81

Timax 213 443
Hoz=zle D= , 25
Net Uol= 1%g 204
Dra - St U= 1'5 423

Std Vol e 4. 40008

HZU)SE*
e H20(: at.\t 1. 94941
Stack F= 2 8952 :
an=|¢\41
Ave ser bez= .529541
Aue Dp= | 335222
Ave Dh= 1, 47es
Auve St T= £3, 0%

¢ Iso= 99, 2753
Drv M= 22, 835
Excesz w-v=-113’43
et MU I A248
ER/DSF Faﬁ+or=
9. 9°840 E-M

Factor o7 .H¢'= 12.8718

"RAXIS e TTE, %
AXIS 2% 336.53
CIRCULAF STACK

m

A-4
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COOLING TOWER INSTITUTE -

USE WITH CTI ACCEPTANCE TEST PROCEDURE FILENO: —. Se e
%1 CODE ATC-105 : DATA SHEET uE- - ‘
WATER FLOW MEASUREMENT TESTDATE o —— e "o
PITOT TUBE
HOT UL MARE. MODEL sfnuu N ™M SIZE INCIIECS )
NOM = o
DALE CALIIR TUBE COCFFICIENT ATIEA = 00545 1DZ, 50 1T
le= A~
W'e o7 _

ML 1 D ] LOCATION S1A DESC TmE S1A DESC YimaL
anG | omw HDG| DA DECIMAL INCHES N 2 R _
her x | wNO x| CALCULATED CORRECTED* d.n o o n N am v am | o Aw

1 o . 7 -]/5‘ : G 7/3 ' . S

: | omw 9D Yz 7%

3 | 10°% 7%

a o7 , } 03/4 4 3-'..,

s | | |1 3/ g

[ 165 1 026 , 5"“' q3/-ﬁ’

tgit, CHAK A OVE S

=
210 S 2| o8z lby’-?— ) OI/Z(
" 250 g 3| ree | 3 3’? bSZg
o 06 é‘ al 228 ‘ J\sﬂ / / —

0 asn 5 342 ' a\- } , ' -

e 612 6| 658 '2.\— ,D 3/:{

12 ) 7 774 : J_l- '03@

R 754 B 854 ,0‘/" \Q—-—

Vi 1 /96 ’ 9| o8 qb;é q';'

18 ' LEE) l o 974 . 8’/7— 8|/:,_

TN E | 7V.'=_ —71/'1..

v e03 65/-‘ 7’/?

‘u ; 313 . 55/5:, 6 -

' _E 961 S.—- 5, G
| S IZBA'L -2).-'

— . | 'rc:"m. &l "rom. T795|| rotaL TOAL
] NO__ TIME a . AVG 2, Dh3| ave L. 56| ave AVG
Sa TAAVEASE AVG \/a . 1717| TRAVERSE AVG Vo
o]

e
- gom =\;(|0401C|A) =V; (_.,__) : us GPM 74C’ 9.\ UsS GPMm
DASIS AIR:WATER MANOMETER . FS‘DO B-,.‘f kj;@f’

" CALCULATED VALUE DECREASED BY DISTANCE FROM END OF PITOT TUBE TO CENTER LINE OF IMPAGT MOLE
A-5
K-13
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Unt!

UNIVERSITY OF MISSOURI

Dr. Dick Cobb

Midwest Research Institute
425 Yolker Boulevard
Kansas City, MO 64110

Dear Dr. Cobb:

Enclosed, please find the re

_Submitted. on 20-Dec-84.

Requestor ID

100
100
100

101
101
101

102
102
102

s> ) oo 2= Qo>

103

104
104
104

o >

105
105
105

- 106
106
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COMPLETE CALCULATIONS

This appendix provides the calculations for.Lhis test, complete
with all correction factors applied. All numbers have been rounded to Lhree
significant figures. The data used was taken from Tables 1 and 2 in Lhe
report.

The total weight of Br in the sample-train (BrT) is the sum of
the Br found in the impinger content (BrI). the water rinse (Brw). the acid
rinse (BrA), and on the filter (BrF). . ., .

Br,. = Br

T + Br, + Br, + BrF

I W A
6.55 + 6.36 + 0,96 + 0.046 = 13.91 ug Br

Corrections (B..) for the acid blank (A,) and Lhe water blank (W)
must be applied to the weight of bromine collected in the sample train. n
this test, 182 mlL and 205 mlL of water were used in the impingers and water
rinse, respectively. For the acid rinse 107 mlL was used. A blank filter
(FB) was also analyzed.

(B)

1.18 + 2.32 + 0.01 = 3.51 pg Br

The net corrected weight of bromine in the sample train due to
drift (Brc) is:

(Brp) = (Bry) - (BT)

13.91 - 3.51 = 10.4 pg Br

After obtaining the corrected Br weight (Br.) for the sample train,

the concentration of Br (in pg/dscf) in the stack air is calculated from
the sample volume, Vs:

Bre  10.4 pg Br

VS 155.4 dscf

Conc. Br in stack

0.067 pg Br/dscf

Since the total stack flow rate was measured as 4,788,480 dscfm, the total
. Br emissions from the stack (Brs) is calculated by:

Total Br frem stack = 4,788,480 dscim x 1067 MR BC
dscfm

320,828 pg Br/min

B-2

K-15




The volume of basin water, wv, required to deliver 320,828 pg of
Br is calculaieu by:

W = Total Br from stack
v Conc. Br in basin

= 320,828 pp Br/min - .
26.5 pg Br/mL 12,107 mL(mxn

Converting to .gallons per minute gives: .

' 12,107 mL/min '
T e =
8PM = T84 ml/gal, - 3-2 &Pm

or 192 gal/hr.

equation:

Vol. basin water from stack (W

)
- '/
D= “Total water vol. through basin X 100

3.2 gpm
30,200 gpm

x 100 = 0.01%

B-3

K-16

The percent drift, % D, can now be calculated according to the .




APPENDIX L

EMISSION FACTOR CALCULATIONS AND REPORT EXCERPTS
FOR REFERENCE NO. 29
(see Section 4.2.12 of text)



CALCULATION SHEET
MRI Project 8887-35

Reference No.__ <7 “Type of Facility:. /f)gévtn,«
- (e-8-» power plant) _ /
Location of Facility: y /x4 ?ﬂc‘?ﬂ/"‘/ﬁ/ Test Date %’/5‘/ _

" Type of Cooling Tower (cirdle éne)‘_Y\let Tower;) Dry Tower;

Wet-Dry; Not Specified

Type of Draft (circle one): Mechanical Draft;/ Natural Draft;

Fan-Assist Namral Draft; Armospheric; Not Specified

Fan Configuration (circle one as applicable): Forced Draft
( Induced Draft; /Not Specified

Heat Transfer Configuration (circle one as appl.icable):_' Counterflow;
Spray; Not Specified |

Type of Heat Transfer Media (circle one as applicable) Film;
Not Specified '

Type of Fill specify): ____ Me?_ srterocd”

Type of Hot Water Distribution System (circle one as applicable):
Pressure System; Gravity System;(Not Specified |

Water Flow Configuration (circle one as applicable): Recirculating;
Once-Through{Not Specified -

Type of Mist Eliminator (specify): Mot ,5,&/75;/

EMISSION RATE CALCULATIONS:

Measurement Method Used: __ Z .57/:45 / De 5157 water R /éﬁ Fomces”

7
o Tophmetsi #touwr Samppiis:
-felé&é.s;" 7 AL % Z’

o7 S Ak

it u

.! /&M#Zﬁ/l/‘/f}’ . éﬂk 905 SEV kinsey whkt 031490
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o e A p Bt 2 Lt C2)

Init. Volx 132.9
Fin Uolz 242.443
M Factors 1,018
Laeak Check= &
. Bare. P= 29.0F
Static P= .2
% 02= 20.9¢
2 Co2= O
% H206= 4
Ce= . D4
ymes a1 |
oZzle Y |
Het Volx= E%. i
CDre s Ue 188 1
Std Vol (M~3)= 2 44955
H20>Sat
% H20(Sat. )= 1.4241
Stack P= 235, 0447
fue M T= 33, 2375
five sar De= . 414110
Ave Dm= . 171439
Auve Dh= 1, 19325
five St T= 73.95
Stack Uala 1440, 48
% 1se=s 100,035
Orv M= 28,836
Excass Rirs-1108743
et M= 29, 483°
GR/DSF Factor= , 173677
Factoru m:02)= 25,0147
Aax1s 1= 378
AX1S 2= 37¢
CIRCULAR STACK
ACFM= 1, 12253E+86

A H= < PEE + 606

45 Ségm & bove:
ety 54-7/7 Fome /ﬂm'y - /397
Woeelte Aidwclic (7] - 0252
Ok mpbe. Yo lirme (4’.5.:77 = Fi.r587
Torzl, cell aimflow viZe /e/s:ﬁ,) s 4o34 o
Twr cuds ' x Z
Totsl stack. Wﬂé(/ﬁﬂé-/T- 2,041,580

é:?mn—é-’/b.ﬂ‘&-7¢47 Fhrec. = éfa/u.;é/(zf,.'_ - 300

L-3
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Touer wiZe -Zor ,zze /é'/fv/ /é,s:as’
Fom 47//&-4—;& 4, /4-' a/ /@n/“'\_éE
Sample Br Conc. (ppm) S
100 Acid Blank 0.025 '
100 Acid Blank 0.032 0028
102 Water Blank 0.056 o 19¢
W 102 Nater Blank 0.333
/ 103 Acid Rinse 0.057 0058
103 Acid Rinse 0.058
104 Water Rinse 0.092 , /0 2.
“‘?SU : 104 Hater Rinse - : 0.111 0.0
105 Impinger Contents . 0.060 0. 058
105 Impinger Contents 0.055
108 Basin Water betore NaBr 0.29 0. 28
108 Basin Water before NaBr 0.26
109 Basin Water before test 17.8 /% &
109 Basin Water before test 19.4
110 Basin Water atter test 18.5 /8. 2-
110 Basin Hater after test 18.0
106 Filter 0.059 0.069
107 Filter Blank #l 0.046 0 o5 o
107 Filter Blank #2 0.054 ’




fron 0. 8 of owset (2D

Sample-
No.

100
102
107

103
104
105
106

108
109
110

duplicate.

Description

Acid blank
Water blank
Filter blank

Acid rinse
Water rinse
Impinger cont.
Filter :

Basin water before ‘NaBr
Basin watLer before test
Basin water after Lest

used in the calculation.

ﬁmﬁ_ﬂ,? o %mf‘@

SAMPLING DATA

Description

Corrected total Br in sample

Sample volume

Stack air flow rate
Basin water Br concentration
Water flow rate through the tower

See calculations in Appendix B.
Includes boLh fans.

Sample Sample Total
Vol. °~ Concentration Br
(mL) (pg/ml.) (ug)

' 0.0285
0.0560 -

- - 0.046
194 0.0575 11.16
273 0.1015 27.1
191 0.0575 10.98

- - 0.059

- 0.275 -

- 18.6 -

- 18.25 -

18.4 pg®
86.2 dscf
1,959,966 dscfm

b

18.4 pg/mL

17,815 gpm

The sample train impinger and water rinsc samples werc rum in
The average of Lhe two values is recorded in Table 1 and was

& ot eonsittal )
wnlh MIT forw s
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COMPLETE CALCULATIONS

This appendix provides the calculations for this test, complete
with all correction factors applied. All numbers have been rounded :o three
significant fignres. The data used was taken from Tables 1 and 2 in the re-
pore.

The total weight of Br in the éémple';rain.(Br-) is the sum of _
the Br found in the impinger content (BrI), the water rinse_{nrw), the acid -
rinse (BrA), and on the filter (BrF).

Br.. = Br

T + Brw + BrA + BrF

1
11.0 + 27.7 + 11.2 + 0.059 = 50.0 pg Br

Corrections (B.) for the acid blank (A,) and the-water blank (W )
must be applied to the weight of bromine collected im the sample train. n
Lthis test, 273 mL and 191 mL of water were used in the impingers and water
rinse, respectively. For the acid rinse 194 mL was used. A blank filter
(F“) was also analyzed. '

(By) = (Ag) + (Wp) + (Fp)

5.53 + 26.0 + 0.046 = 31.6 pg Br

The net corrected weight of bromine in the sample train due to
drift (ﬂrc) is:

(BtT) - (BT)

50.0 - 31.6 = 18.4 ug Br

(Br.)

After ohtaining the corrected Br weight (Brc) for the sample
train, the concentration of Br (in pg/dscf) in the stdck air is calculated
from the .sample volume, V: ' '

: Br
_ _T'C _ 1B.4 Br
Conc. Br in stack = V. - B86.2 dscl

S

0.213 pg Br/dsct

Since the total stack MMow rate was measured as 1,959,966 dscim, the total
lir emissions from the stack (Brs) is calculated by: ' :

0.213 pg Br
1,959,966 dscfm x Secim

Total Br from stack

417,473 pg Br/min

L-6




The volume of basin water, WV. required to deliver 417,473 pg of
Br is calculated by:

_ Total Br from stack .
vV~ Conc. Br in basin

417,473 Br/min
18.4 pg Bl’/ln]'. = 22,689 mL/min

Converting to gallons per minute gives:

o 22,689 mL/min _ 6.0 ' "
BPM = TT784 ml/gal.  ~ °F

or 360 gal/hr.

The percent drift, % D, can now be calculated according to the
equation:

Vol. basin water from stack (wv)

%D = “Total water vol. through basin x 100

6.0
17,815

x 100 = 0.034%
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COOLING TOWER INSTITUTE TEST REPORT

TIHERMAL ACCEPTANCE TEST
: 2=CELL
MECIHIANICAL-DRAFT CROSS-FLOW COOLING TOWER
' AT

1. INTRODUCTION

The testing services of the CTI were retained by
under Contract No. to conduct a drift acceptance test on
2-cell, mechanical-draft, cross-flow cooling tower located at Lhe
Refinery. The work was performed by MRI under cou-

tract with CTI as the official CTl test representative. The CTl test repre- -

sentatives were Mr. Thomas E. Weast and Mr. George R. Cobb. The tower
manufacturer was represented by '
The plant was represented by
tion.
Cooling tower drift is defined as the percent of water flow
Lthrough the tower which exits through the fan in the form of water droplets
or aerosols. - The amount of drift Lrom the tower was determined by iso-
kinetically sampling a representative fraction of the tower airflow and
measuring the amount of aerosol leaving the stack. Sodium bromide (Nalr)
was spiked into the basin as a tracer for the analysis. Neutron acLivation
analysis (NAA), an cxtremely sensitive detection technique, was Lhen uscd
Lo measure the amount of bromine exiting from the stack. From measurement
of the total bromine collected in the sampler and the concentration of
bromine in the basin water, -the drift rate can be calculated.

1I. TEST SITE DESCRIPTION

The - Refinery, is located south of
' The evaporative cooling tower serving the now
rlant expansion was of a conventional splash bar filled, cross-flow design.
Each cell was supplied by a single 20-in. nominal diameter pipe riser.
Pitot taps were installed in the vertical section of each riser at approxi-
mately 18 ft above grade. Each cell had a single fan driven by a 150=hp

motor. The cold water from the tower passes through two pumps to the plant
process. '

Due to the time required to collect adequate samples from the
stack for analysis, only one cell of the two cell tower was Lested for
drift. Air and water flow measurements were taken from Lhe other cecll and
used to calculate the towers total drift.




TABLE 1

SAMPLE ANALYSIS RESULTS

Sample Sample Total

Sample Vol. Concentration Dr
No. Description (mL) (pg/ml.) (ug)
100 ' Acid blank . - . 0.0285 -
102 Water blank i C - ~ 0.0560 _ -
107 Filter blank - - 0.046
103 Acid rinse : 194 0.0575 _ 11.16
104 Water rinse 273 0.1015 27.71
105 Impinger cont. 191 0.0575 10.98
106 . Filter - - 0.059
108 | 'Basin water before NaBr - 0.275 -

109 Basin water before test - ) 18.6 -

110 Basin water after lLest - 18.25 -

The sample train impinger and water rinse samples were run in
duplicate. The average of the two valnes is recorded in Table 1 and was
used in the calculation.

V. CALCULATION PROCEDURE AND RESULTS

Since the calculation of correction factors needed to determine the
drift rate are relatively complex, the calculation procedure withoul indicat-
1ng Lhe corrections is presented in this section. The purpose is to provide
2 clear picture to the principles underlying the calculation of Lhe drift
ralte. The actual calculations with all the correction factors have been
provided in Appendix B. The sampling data used in the calculations are
shown in Table 2.

The calculation of the drift rate requires several steps. Tirst,
the concentration of bromine in the air from the stack is calculated from
the equation:

Conc. Br in stack air (pg/ft®) = Corrected total Br_in sample (pg)

Sample volume (ft?)

Next, the total stack emission of Br is obtained by multiplying the stack
concentration by the stack flow rate:

Total Br emissions (pg/min) = Conc. Br in stack air (pg/ft3) x

Stack airflow rate (ft3/min)



TABLE 2

SAMPLING DATA

Description

Corrected total Br in sample 18.4 uga
Sample volume ' ; 86.2 dscf
Stack air flow rate . e 1,959,966 dscim
Basin water Br concentration ' - 18.4 pg/mL
Water flow rate through the tower 17,815 gpm

See calculations in Appendix B.
Includes both [ans.

The bromine emissions are then related to the basin water Iostﬁby the equa-
tion:

Vol..of basin water lost (mL/min) = T;::iﬂ“:a:z:szzz:? Eﬁg;:i?)

The dJdrift then is calculated as a percent of the total flow through the
tower according to the equation:

. _ Vol. of basin water lost (mL/min)
% Drift = T flow through tower (mL/min)

x 100

Blank corrections were applied for the water and acid solutions
tn Lhe rinse. Complete calculations with the appropriate corrections have
been provided in Appendix B.

when the calculations were completed, the drilL for the tower wis
found to be 0.034%. For the measured water flow rate of 17,815 gpm, Lhis

amounts to 6.0 gal/min or 360 gal/hr of basin water discharged by Lhe Lower
" as drift. ) '

VI. DISCUSSION AND CONCLUSIONS

The definition of drift as used in this reporl is, "the percenlage
of the water flowing through the tower which is discharged through the fan
in the form of water droplets or aerosols."” Under the conditions of Lhis
test, the drift rate was found to be 0.034% or 6 gal/min. The percent drift
measured is below the 0.044% specified in the design parameters. ‘

Appendix A contains a summary of the raw data collected during Lhe

testing of the stack (including airflow measurements) and the basin water
flow. :

L-10




Init. Vol® L1529

"Fin, Vols 242, 443

M Factors 1,018
Leak Checks &

Baro. P= 29,83
Static P= ,2

% 02« 20.9

% C02= ©

%z H20= 3

Co= 84

Time= 1391

Nozzle D= , 232

Net Uol= £% 543

Orv St U= 354, 1339
Std Vol )= 2, 44355
H20>Sat

% H20(Sat. )= 1. 414!
Stack P= 23, 447
Ave N T= 33, 2375
five sar De= , 414112

. Rve Dm= , 171439

Ave Dh= |, 19325

Rve St T= 73.95

Stack Uala 1440, 45

% Jse= 180,035

Drv MU= 28,838

Excess Rir=-118743
Wet MU= 29,4859
GRsD3F Factor= . 173€77
Factor<rnN2)= 25.0147
AX1S 1= 378

nAX1S 2= 372

CIECULAR STACK

ACFM= 1. 12Z53E+86
WSCFR= 1. D<TAE+B6
DSCFM= 1. 93094E+d¢

A-4
L-11
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Research Reactor Facility

L J .

UNIVERSITY OF MISSOURI

Research Park
Columbia, Missoun 65211

Octobér 25, 1984 Telephone (314) 8824211

Dr. Ken Wilcox )
Midwest Research Institute
425 volker Boulevard
Kansas City, M0 64110

Dear Dr. Wilcox:

Enclosed, please find the results tor the set of samples submitted for
analysis on 10-Sept-84.

Sample Br Conc. (ppm)
100 Acid Blank 0.025
100 Acid Blank 0.032
102 Water Blank 0.056
102 Water Blank 0.333
103 Acid Rinse 0.057
103 Acid Rinse 0.058
104 Water Rinse 0.092
104 Water Rinse 0.111
105 Impinger Contents 0.060
105 Impinger Contents 0.055
108 Basin Water betfore NaBr 0.29
108 Basin Water before NaBr 0.26
109 Basin Water before test 17.8
109 Basin Water before test 19.4
110 Basin. Water after test 18.5
110 Basin Water after test 18.0
106 - Filter 0.059
107 Filter Blank #1 0.046
107 Filter Blank #2 0.054

Except for tne Filters, all samples were run in duplicate. A1l duplicates,
except tor sample 102, agree within counting statistical error. Snould you
have any questions about the results, or if we can be of any further service,
please give me a call.

incerely,

/ mes J. Carni, M.A,
/ esearch Scientist
JJC:1s t
Enclosure
L-13
COLUMBIA KANSAS CITY  ROLLA  ST.LOUIS

an equal opnoTtunily instiution







APPENDIX M

EMISSION FACTOR CALCULATIONS AND REPORT EXCERPTS
FOR REFERENCE NO. 34
(see Section 4.2.13 of text)




CALCULATION SHEET
MR Project 8987-35

Reference No.___ 2% Type of Facility: Aot e e
_ (e.g., power plant) _
Location of Facility: 2% {gn?/’z/ TestDawe ___/ 03 _

Type of Cooling Tower (circle one): Dry Tower;
- Wet-Dry; Not Specified .

‘Type of Draft (circle one): Mechanical Draft; Natural Draft;
Fan-Assist Natural Draft; Armospheric; [Not Specified |

'Fan Configuration (circle one as applicable): Forced Draft;
~ Induced Draft;/ Not Specified

Heat Transfer Configuration (circle one as applicable): Counterflow;
Crossflow; Spray; Not Specified ' _

Type of Heat Transfer Media (circle ope as applicable): Film;
Not Specified

Type of Fill (specify): %a 4/ 74/ / o

Type of Hot Water Distribution System (circle one as applicable):
Pressure System; Gravity System; /Not Specified |

Water Flow Configuration (circle one as applicable):ﬂiecirculatin@
Once-Through; Not Specified

Type of Mist Eliminator (specify): W’ﬂ/ s/a75 K‘-"'ﬂmd pEre Mfﬁffaf ) |

— T —————————— —
— e e — —

EMISSION RATE CALCULATIONS:

Measurement Method Used: ‘J/// g a/ Gusin Mfz}'/ W/% 44 L e
¢ Lophnetei jm/w//ﬂ' 27 Stack erit- ansiimm
Y3y é’-—/m/” f/ Forn And ﬁ;aéy Az
. W&m &MV:M 51 90 SEV Kiey bt 21450
‘ gﬂééjm;:{ f‘?’L
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TABLE 2

SAMPLING DATA

Description

Corrected total Br in sample T 8.3 wgd
Sample volume 28.5 dscf
Stack air flow rate 59,600 dscfm
Basin water Br concentration 23.9 pg/ml
Water flow rate through the tower - 629 gpm’

See calculations in Appendix B.
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TABLE 1

SAMPLE ANALYSIS RESULTS

Sample - ' : Sample ,-Saﬁple Conc. Total ke

No. Description . Vel. (ml) _ (pg/m1)? (pg)
100 Basin water before addition of - 0.1350 -
NaBr
101 . Basin water after addition of - 24,3000 -
NaBr but before test
102 Basin water after addition of
NaBr and after test - 23.5000 - -
107 Sample train impinger water and 170 0.0599 £ 0.0007 10. 1800
water rinse
108 Sample train acid rinse ' % 0.0149 1.1000
109 Sample train backup filter - - RN LR
103 Blank train impinger water and 130 0.0113 = 0.0003 1.460600
water rinse _
104 Blank train acid rinse 42 : 0.0265 1.1100
105 Blank train backup filter - - 0.0081
106 Background filter . - - 0.1210
110 Acid rinse blank . - 0.0081 S
111 Watef rinse blank ' - : 0.0003 -
112 Background filter blank ' - - v.0078

113 Sample Lrain filter blank - - < 0.005%0

® The detection liﬁit.for Br is 0.0001 pg.

Lrom 2. T oL Fomt T

Total dissolved solids in the basin waler was detétminpd by cvapo-
- rating 100 ml of the basin water to dryness and weighing the residuc. The

concentration of dissolved solids was found Lo be 0.00313 1b/gal., or 0.037%
by weight. ' :

M-4-
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COMPLETE CALCULATIONS

The calculations for this test are prévided,.compleLe with a1
correction factors applied. An effort has been made to include adeguate
explanations for all of these numerous corrections. All pumbers have been

rounded to three significant figures. The data used was taken from Tables |

and 2 in the report.

: The total weight of Br in the sample train (Br
found in the water rinse (Brw), the acid rinse (BrA), anI on Lhe filier
(Br.).

F

Br Br,, + Br, + Br

W A F
10.2 + 1.10 + 0.0104 = 11.3 pg Br

T

The total weight of Br in the blank train (BrB) is determined
similarly: ' _ :

BrB # 1.46 + 1.11 + 0.008] = 2.57 Mg Br
However, since the volumes of rinse used for the blank Lrain are less Lhan
those used in the sample train, additional corrections (Br.) for the acid
blank (A,) and water blanks (W) must be made before the bfank correclLion

can be applied to the sample train. In this test, 170 ml of water werc used
to rinse the sample train and 130 ml were used for the blank train. For Lhe

acid rinse, 74 and 42 ml were used, respectively.

Br W, + A

R B B - :
[(170-130) x 0.0081] + [(74-42) x 0.00029)

0.32 + 0.0093 = 0.33 pg Br

This value must Le added to the blank traim before subtracting [rom Lhe
sample train. The background contribution (Br.) must also be considered.
For this test, a total of 0.121 pg Br was collected [rom 39.0 acf of air,
The concentratiou of Br in the ambient air is then:

. = 0.121 pp Br =
Air conc 39 acE 0.0031 pg Br/acf

Since the sample volume was 28.5 f13, the weight of Br in the sample train
due to background (Brair) is: - :

= -3 3
Brair = 28.5 ft3 x 0.0031 pg/fL

= 0.088 pg Br
B~-2
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The net corrected bromine in the sample train due to drift (Brc) is:

Br

¢ = Bry - (BrB + BrR) - Brair

11.3 - (2.57 + 0.33) - 0.088
. :

'8.3 pg Br

After obtaining the corrected Br weight (Br.) for the Samp]q-
train, the concentration of Br (in Hg/dscf) in Lhe stdck air is calculale
from the sample volume, Vs:

Br '
C_ 8.3 pg Br
Vq " 28.5 dscf

Conc. Br in stack

0.291 pg Br/dscf

Since the total stack flow rate was [ound to be 59,600 dscfm, the total Br
emissions from the stack (Brs) is calculated by:

59,600 dscfm x 0:291 _Br

dscim

Total Br from stack

17,400 pg Br/min

The concentration of Br in the basin water was found Lo be
23.9 pg/ml so that the volume of basin water, WV. required to deliver
17,400 pg of Br is calculated by:

= Total Br from stack
v Conc. Br in basin

W,

17,400 pg Br/min

23.9 ug Br/ml = 728 ml/min

Converting to gallons per minute give:

m = 728 ml/min
- EPT = 37784 ml/gal.

0.192 gpm

or 11.5 gal/hr.

The percent deift, % D, can now be calculated according to Lhe
equation:

Vol. basin water from stack (W,)
%D

Total .water vol. through basin > 100

0.192
-Eigf x 100 = 0.0305%

— 4 1. A0
T . ? S I hQ- . z “:A é“a - D\ “‘"‘
== 0 tol‘:‘?( %‘ti\zoﬂni B q:al._Be\BD-. 250 @ Koo
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I. INTRODUCTION

MRI conducted a Lest on October : .Lo determine Lhe amount
of drift from a cooling tower located at the o
in 1 . Mr. George R. Cobb and Mr. Thomas E. WeaslL repro-

sented MRI, and

. Cooling tower drift is defined as Lhe percent of waler [low
through the tower which exits through the fan in the form of water draplers
or aerosols. The amount of drift from the Luwer was determined by iso-

‘kinetically sampling a representative fraction of Lhe tower airflow anid

measuring the amount of aerosol leaving the stack. For purposes of this
test, the basin was spiked with sodium bromide (NaBr) which funclioucd as a
tracer for the analysis. Neutron activalion analysis (NAA), an extremely
sensitive detection technique, was Lhen used to mecasurc Lhe amounl of bro-
mide exiting from the stack. From mecasurement of Lhe Lotal bromine collec-
ted in the sampler and the concentration of bLromine in the basin water, the
drift rate can be readily calculated.

Upon arriving at Lhe test site, an inspection ol Lhe cooling tower
indicated that the tower was a single-cell cross-flow Lower appareuntly manu-

factured by the The original nameplate was
missing, and the only identification was the fans and water disiri-
bution valves which are desigus. A check wilh the

indicated they had sold a Model cooling tower Lo

Physical inspection of the tower indicated LhalL a number of Lbe
wood drift eliminator slats in the air plenum were missing. The splash Lype
wood fill had a substantial coating of algae, and the wire guard on Lhe fan
stack discharge was coated with both heavy mineral depesits and algac.
Because the cooling tower water [low was low, all of the distribution nozzles
in the hot water basins were not equally flooded. Except for Lhe above
observations, the tower appeared to be in a Lypically normal operating mode.

The area surrounding the tower was wet apparently due to varying
combinations of. tower drift, splash out, and recent precipitation. ‘The
tower was continually discharging drift droplets whenever Lhe f[an was in
operation. The area around the tower outlet had a green coating. '

Another Lower was located next to the tower being tested. 1L was
not operated during our site preparations and Lests.

M-8




II1. ANALYSIS METIOD AND RESULTS

NAA was performed on the samples by the University of Missouwri,
Columbia. This process involves exposure of Lhe samples to a neulron source
where the following nuclear reaction occurs. ’

1%8r + pn - 38Bs
The 59Br, which is radicactive, decays according Lu the reaction:
80pr -+ 52Kr + p~ + ‘gamma radiation (616 Kev)

The characteristics of the gamma radiation were then used to deLcrmine Lhe'
amount of bromine in the sample. The optimum detection limit for Lhc method
is 0.0001 pg. This is well below the amount of bromine collected by Lhe
sampler. The analysis data are shown in Table 1.

The sample train and blank train impinger and water rinse samploes
were run in triplicate. The average of the three values is recorded in Ta-
ble 1 and was used in the calculationm. The average deviation is also
listed for each.

Total dissolved solids in the basin water was determined by cvapo-
rating 100 ml of the bLasin water to Jdryness and weighing the residue. The
concentration of dissolved solids was found Lo be 0.00313 lb/gal., or 0.037%
by weight. '

IV. CALCULATION PROCEDURE AND RESULTS

Since the calculation of correction factors needed for determining
the drift rate are relatively complex, the calculation procedure wilhoul
indicating the corrections is presented in Lhis section. The purpose is to
provide a clear picture to the principles underlying the calculation of Lhe
drift rate. The actual calculations with all the correction factors have
been. provided in Appendix B. The sampling data used in the calculations
are shown in Table 2. '

The calculation of the drift rate requires several steps. First,

the concentration of bromine in the air from the stack is calculated [rum
the equation:

Conc. Br-in stack air (ug/ft3) = Q2EESEEEQJEL}B.EEEBL%_SHEl

Sample volume (£fr=)

Next, the total stack emission of Br is obtained by multiplying the stack
concentration by the stack flow rate:

Total Br emissions (pg/hr) = Conc. Br in stack air (pg/ft3) x

Stack airflow rate (ft3/hr)

——



Sample
No.

100
101

102

107

108
109

103

. 104
105

106

110
111
112
113

TABLE 1

SAMPLE ANALYSIS RESULTS

Description

Basin water before addition of
NaBr

Basin water after addition of
NaBr but before test

Basin water after addition of
NaBr and after test

Sample train impinger water and
‘water rinse

.Sample train acid rinse

Sample train backup filter

Blank train impinger water and
water rinse

Blank train acid rinse

Blank train backup filter

Background filter

Acid rinse blank

Water rinse blank
Background filter blank
Sample train filter blank

a

Sample Sample Cogc. Total RBr
Vol. (ml) (pg/ml) )
- 0.1350 -
- 24.3000 .
- 23.5000 -
170 0.0599 £ 0.0007 10. 1300
74 0.0149 1.1000
- - . 00104
130 0.0113 = 0.0003 1.4600
42 0.0265 1.1100
- © - 0.0081
- - 0.1210
0.0081 -
0.0003 -
- v.0078
- - < 0.0050

The detection limit for Br is 0.0001 ug.

10
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- TABLE 2

SAMPLING DATA

- Description

Corrected total Br in sample 8.3 uga
Sample volume : 28.5 dscf
Stack air flow rate ' ) 59,609 dscfm
Basin water Br concentration 23.9 pg/ml
Water [low rate through the tower _ 629 gpm

® See calculations in Appendix B.

11
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APPENDIX N

EMISSION FACTOR CALCULATIONS AND REPORT EXCERPTS
FOR REFERENCE NOS. 52 AND 54
(see Section 4.2.14 of text)




CALCULATION SHEET
MRI Project 8987-35

Reference No. 52 =4 Type of Facility: ——..\ . ¢ m_. o — -

(e.g., power plant) _
Location of Facility: -~ S5\ . - * ~. TestDate

Type of Cooling Tower (circlc one): Wet Tower; Dry TdWer;
Wet-Dry; Not Specified
Type of Draft (circle one): Mechanical Draft;. Natural Draft;
- Fan-Assist Natural Draft; Armospheric; Not Spec 1

F an Conﬁguratidn (circle one as applicable): Forced Draft,
Induced Draft; Not Specified

Heat Transfer Configuration (circle one as applicable): Counterflow:
Crossflow; Spray; Not Specified ' |

Type of Heat Transfer Media (circle one as applicable): Splash; Film;
Not Specified

Type of Fill (specify): 3 \-= ~.~ nn1 o
Type of Hot Water Distribution System (circle one as applicable):
Pressure System; Gravity System; Not Specified

N . . . ’-_-——x
Water Flow Configuration (circle one as applicable): /Recirculating;

Once-Through; Not Specified —_
Type of Mist Eliminator (specify): _\ = T . o~ . -
EMISSION RATE CALCULATIONS:

Measurement Method Used: = - ~i4 .. _: > R

N e ——
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DRIFT DROPLET MASS FRACTION DISTRIBUTION:

' Mass Fraction (%)
Diameter - Average Summer Wintar Composite**
Range (OM) . Diameter (TM) {June 76) (Dec 75)

10-110 60 59.6 6C.2 59.9
110-210 160 24.1 20.1 22.1
210-300 285 .. 7.00 . . €.30 6.64
300-400 350 2.3 = 3,43 2.90

~ 400-500 450 1.50 2.70 2.10
500-600 550 1.22 2.10 - 1.66
600700 650 ' 1.06 .75 1.41
700-900 800 1.60 2.20 .90
900-1200 1050 1.18 1.20 1.19

1200-1500 1350 0.26 0.0 0.13

1500-2000 1750 0.14 - . 0.0 0.07

Circulating Water Flow Rate: 984 Ha/nin
Drift Rate: 0.00088%
Drift Pmission Rate: 0.144 Kg/sec

ST s aaner mpged L 7 Eimied= o 72 x 00 Pans
e o« — A . N
'-:\J ::,;;'v" "'"3 :'/_5/. :3:‘1" o, -
( (
T - . . ,
O 2T '“;'( O ( Lo, O 0005 U03R. DU taroy
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TABLE 2-1: DRIFT DROPLET CHARACTERIZATION PARAMEIER ASSUMED®* FOR
'PRELIMINARY CHALK POINT NATURAL DRAFT TOWER SAaF

DEPOSITIONS CALCULATIONS.

DRIFT DROPLET MASS FRACTION DISTRIBUTION:

" Mass Fraction (%)

Diameter . Awe:age Sumer = Winter Compositer= -

Range (UM) Diameter (UM)  {June 76) (Dec 75)
10-110 60 : 59.6 . 60.2 59,9
110-210 160 24.1 - 20.1 22.1
© 210-300 255 7.00 €.30 6.64
300-400 250 2.34 3.45 12.90
400~500 450 1.50 2,70 2.10
500-600 550 1.22 2.10 - 1.66
600=700 650 1.06" 1.75 - 1.4l
700-900 800 1.60 2.20 1.90
900-1200 1050 1.8 1.20 1.19
1200-1500 1350 0.26 0.0 0.13
1500-2000 1750 . 0.14 0.0 0.07
Circulating Water Flow Rate: 984 M°/min
Drif: Rate: ' 0.00088%
Drift Emission Rate: 0.144 Xg/sec
Basin Salinity
* Summer (June 76): 13 PPT
Winter (Dee. 75): 6.2 PPT

Annual (Design): : 14 FPT

*Parameters derived from data measured by ESC.
**Composite distribution is average of summer and winter distributions.

AW .
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APPENDIX O

EMISSION FACTOR CALCULATIONS AND REPORT EXCERPTS
FOR REFERENCE NO. 62
(see Section 4.2.15 of text)
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CALCULATION SHEET
MRI Project 8987-35

Reference No. (a 7 Type of Facility: e AT

s

(e.g., power plant)

N A

e

Location of Facility: _(1/ii - " - Test Date .

_5(‘1.":' - ‘--_/_"_.,- ...’-.‘,:’ - -' . )
" Type of Cooling Tower (circle one): Wet Tower; DryToﬁvér; o

Wet-Dry; Not SEciﬁed

Type of Draft (circle one):/Mechanical Draftt Natural Draft;
Fan-Assist Natural Draft; Armospheric; Not Specified

Fan Configuration (circle one as applicable): Forced Draft;
. Induced Draft;} Not Specified

Heat'jI‘ransfef Configuration (circle one as applicable): Counterflow:
<_Crossflow; Spray; Not Specified
\_____,

Type of Heat Transfer Media (circle one as applicable): Splash; Film;
Not Specified

Type of Fill (specify): 0oy 1) 0°3% (azpm— -y,

] )
. - - -
KT Y [

Type of Hot Water Distribution System (cirble one as applicable): -

Pressure System:. Gravity System; Not Specified - -

i T WO
dr L

‘Water Flow Cdnfigufation (circle one as applicable):(ﬁ_ecircu]aﬁng;“-,
. Once-Through; Not Specified

M‘_ \-VJ_‘JC-\_E. PR el N L

L= N R TR LT A

——

Type of Mist Eliminator (specify): S 2 — 2= - <" - -
| ' Y lofiari= Jasze.ti. i o
EMISSION RATE CALCULATIONS:

Measurement Method Used: _©' = -"Z& 7., i . e T

0-2

0 ol

—y




Crorr L5355 rumoa

Composite Drift Mass

d(center) ad g AXj/ad Emission Rate, AD;
(um) (um) (ug/m?-ym) (na/s)
20 20 29.5 2.78E 05
40 20 44.) 4,14E 05
65 30 40.2 - 5.61E 05
95 30 31.9 4.40E 05

- 130 . 40 24.7 4.46E 05
175 50 17.3 3.82E 05
225 ' 50 “12.0 - 2.57E 05
275 50 7.6 1.58E 05
325 50 8.7 1.16E 05
375 50 4.8 9.41E 04
425 50 4.4 8.37E 04
475 £0 3.7 6.89E 04
525 50 ° 3.4 6.12E 04
575 50 3.4 5.83E 04

Note: 2.78E 05 means 2.78 x 10°

TOTAL COMPOSITE DRIFT MASS EMISSION RATE, ZAD; = 3.42 gn/s ~*”‘_
MASS MEDIAN DIAMETER of the composite drift mass = 120 um
density distribution, 4X;/Ad
COMPOSITE TOWER DRIFT FRACTION
(based on the design flow rate of 1260 ka/s) = 0.00027%
FAN STACK EXIT AREA, A = 54.5m
TOTAL COMPOSITE DRIFT FLUX, EAD;/A = 0.063 gm/m?-s
SN -
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in this manner aremainly useful for the purpose of illustration. Also
shown in Table & and in Figure 14 are the averages of all five diameter
traverses. Comparing the two curves in Figure 14, one can see that

the effect of including the summer data in the average is small on

only one radius, tending to decrease the sodium mass Tlux at each
position approximately equally. On the other radius the effect is
quite noticeable and erratic. The high value at position 26 was due

to the one data point taken during the summer test since no IK
measurements were taken at this position during the winter test.

The calculated values for the upper limit of the mineral mass emission .
sraction for each of the five diameters is shown pelow, as obtained

from the IK data sheets:’ .
Upper Limit of the

' Mineral Mass Emiigion Fraction
niameter Traverse max » )

SW-NE 1 0.00072
Sw-NE 2 0.00099
SW=NE 3 0.0012

Nw-SE 1 ' 0.00062
NW-SE 2 0.00063

The arithmetic average of these values is 0.00083%. It should be noted
that the water flow rate during the winter testi was 1260 kg/s

(20,000 gpm) whereas it was only 970 kg (15,400 gpm) during the summer
-ast wnen data along the diameter traverse SW-NE 3 were obtained.

conline Tower Composite Curve Calculation

+ne drifs droplet size data obtained by PILLS/SP during the five
¢:ameter traverses of the cooling tower was used to calculate a
cooling tower composite curve in the manner described in Section IV.
The values calcuiated for composite drift mass emission, 39§ composite-
, o . . e eibpdpy DK .
anc composite dritt mass density distribution 5 lcomposite are
-apulated in Tadle 5. The composite mass emission data for each size
range were sumied yielding a total composite drift mass emission rate,
Dcomposies Qi-S-82 he iTe < rifs fraction at
dgesign Tlow o7 _126Q kg/s js, therefore, 0.00027%. The composite mass
median aiamecer calculated Zrom the arift mass density gistribution
equals 120 .m. 7hne compesite arift mass density distribution is
5ios=ed in Figure 15. 1t shows & peak in the aroplet size range of
3~ <5 50 .m with a centar diameter of 40 .m. The largest value of

o YOI

groplet ciameter for wnich the mass density distribution is shown

92
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| Table §
COOLING TOWER COMPOSITE DRIFT MASS EMISSION.PARAMETERS

Composite Drift Mass

" d(center) ad A% /Ad . - -Emission Rate, AD;
(um) (um) (ug/m¥- um) o (ua/s)
20 20 29.5 2.78E 05
40 20 _ 441 4.14E Q5
65 30 40.2 5.61E 05
a5 ' 30 31.9 4.40E 05
130 40. 24.7 4.46E 05
175 50 17.3 3.82E 05
225 50 : 12.0 2.57E 05
275 50 7.6 1.58E 05
325 50 5.7 1.16E 05
375 50 . 4.8 9.41FE 04
425 50 4.4 8.37E 04
475 50 3.7 6.89E 04
525 50 3.4 6.12E 04
575 50 3.4 5.83E 04
Note: 2.78E 05 means 2.78 x 10°
TOTAL COMPOSITE DRIFT MASS EMISSION RATE,, ZADi = 3.42 gm/s
MASS MEDIAN DIAMETER of the composite drift mass = 120 pm
density distribution, AX;/4d
COMPOSITE TONEé DRIFT FRACTION
(based on the design flow rate of|1260 kg/s) = | 0.00027%
FAN STACK EXIT AREA, A | = 54.5 m?
TOTAL COMPOSITE DRIFT FLUX, ZAD;/A = 0.063 gm/m*-s












