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ABS'IRACT

The results from a program to evaluate the environmental aspects of cooling
tower operation at the Oak Ridge Gaseous Diffusion Plant (ORGDP) are pre-
sented. The quantities of chemicals being introduced into the atmosphere

as well as the deposition of these chemicals on the environs surrounding

the cooling towers were measured. Based on the tests performed, the cooling
towers, under present operating conditions, are not causing any adverse
effect on the native vegetation surrounding ORGDP.
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ENVIRONMENTAL ASPECTS OF COOLING TOWER OPERATION:
SURVEY OF THE EMISSION, TRANSPORT, AND DEPOSITION OF DRIFT
FROM THE K-31 AND K-33 COOLING TOWERS AT ORGDP

INTRODUCTION AND SUMMARY

In today's environmentally-conscious society, all systems which introduce
detectable quantities of energy and/or material into the surroundings

are being intensively studied. Of particular interest to the gaseous
diffusion industry, is the study of certain elements such as chromium

and zinc which are used in the recirculating water systems for corrosion
control. Because these systems involve the use of evaporative cooling
towers to reject heat, some traces of these elements are carried into

the atmosphere as a result of drift* loss and are finally deposited on

the environs surrounding the cooling towers. These elements may also be
introduced into surface waters such as rivers by blowdown*¥ from the cool-
ing tower water supply. This latter source is being studied by several
groups. One promising method, that essentially eliminates blowdown, has been
evaluated by the Power and Utilities Department at the Oak Ridge Gaseous
Diffusion Plant (ORGDP). It consists of blending the blowdown stream with
the raw makeup water and softening the mixture with lime-soda ash. The
details of these studies will not be discussed in this report.

When the Cascade Improvement Program (CIP) and Cascade Uprating Program
(CUP) are complete,? ORGDP will be operating at a nominal power level of
2080 Mv. To reject this heat load to the atmosphere, mechanical draft
cooling towers circulating approximately 300,000 gallons of water per
minute will be needed. Two major process buildings are involved; these
are designated K-31 and K-33. The enriching equipment in K-33 is larger
than that in K-31 and approximately two-thirds of the recirculating water
is used in K-33, while K-31 uses the other one-third. The cooling towers
were originally constructed in the early 1950's and have been rebuilt
since then. The K-31 tower is a Marley cross-flow unit consisting of

16 cells with 264-in. fans, and the K-33 tower is a modified Foster-
Wheeler counterflow tower consisting of two banks of 11 cells each,

each cell containing two 2LL-in. fans.3

When the towers were purchased, a maximum drift limitation of 0.2% was
included in the specifications. Until this series of tests, however, the
drift rates from the towers were never measured. The water temperature
in the tower ranges from 1L40°F inlet to 90°F outlet. The relatively high
temperatures in the cooling water system create potential corrosion
problems in the mild steel piping network, so that there is need for a
good corrosion inhibitor in the water. Extensive tests run approximately

¥Drift is defined as water lost from the tower as liquid droplets en-
trained in the exhaust air. Units are pounds per hour or percentage
of circulating water flow. 1

**Blowdown is defined as water deliberately purged from the cooling tower
system in order to avoid the accumulation of dissolved solids.
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15 years ago demonstrated that a proprietary zinc/chromium inhibitor
manufactured by the Betz Corporation provided the protection required.
Present practice is to maintain hexavalent chromates at approximately
20 ppm.

Recognizing that operation of the cooling towers at ORGDP introduced signi-
ficant amounts of both energy and material into the environment, Union
Carbide Corporation, Nuclear Division (UCC-ND) acting as contractor to the
U. S. Atomic Energy Commission (USAEC) undertook a program to determine

the magnitudes of the quantities involved and to evaluate their effect

on the surroundings. The primary goals of this study were (1) to measure
the quantities of chemicals emitted from the towers in the drift, (2) to
determine how these chemicals were transported to and deposited on the
environs, and (3) to evaluate their effects on the vegetation around the
towers. During the planning phase of this program, it was recognized

that the information to be developed could be useful to others concerned
with the environmental aspects of large mechanical draft cooling towers,
particularly those in the nuclear power field. Consequently, it was de-
cided to expand the scope of the studies beyond the minimum needed for
ORGDP's interests and to obtain more extensive data. As the program devel-
oped, various groups of people within the USAEC purview were invitcd to
participate in this study in order that the program might benefit from
their backgrounds and capabilities and to ensure that a broader range of
interests might be served.

Representatives from the USAEC and several of their contractors, as well as
other branches of the Federal Government, State governments, and private
industry were called on during the several phases of the program to .aid in
its planning and execution and in disseminating the results obtained. The
experimental portion of the study included participants and/or primary
observers from the Oak Ridge and Paducah Gaseous Diffusion Plants, the Oak
Ridge National Laboratory, and the Ozk Ridge Y-12 Plant, all ‘of which are
operated by the Nuclear Division of Union Carbide Corporation for the U, S.
Atomic Energy Commission; Environmental Systems Corporation; the Atmospheric
Turbulence and Diffusion Laboratory, which is a part of the National Oceano-
graphic and Atmospheric Administration; and the Pacific Northwest Labora-
tory, operated for the USAEC by Battelle Memorial Institute.

The actual study which lasted from December 1972 to July 1973 consisted of
experimental work and analysis by four of the groups working in close con-
tact with ORGDP personnel. The results of this program constitute some

of the most comprehensive information on the environmental aspects of

the operation of large mechanical draft cooling towers that has been ob-
tained thus far. The groups involved were experienced in the measure-
ment of cooling tower drift as it is emitted from the cell as well as its
.concentration in the air and on the ground surrounding the towers. In addi-
tion, one of these groups was capable of mathematically modeling the be-
havior of the plume. The participants, and a summary of the studies per-
formed, are as follows: :

Environment Systems Corporation (ESC),” Knoxville, Tennessee: Exten-
sive studies of the drift emission from two fans, one in the K-31 tower
and one in K-33, were undertaken. These included temperature, velocity,
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droplet distribution, and total drift emission at the fan mouth. This
was done using three methods consisting of a unique laser light scat-
tering instrument, sensitive paper,and an isokinetic sampling probe.
In addition, a limited amount of information on the fallout distribu-
tion in the vicinity of the K-31 tower was obtained.

Battelle Pacific Northwest Laboratories (BNW),5 Richland, Washington:
Detailed studies of the air concentration and deposition rates of
chromates in the vicinity of the K-31 and K-33 cooling towers were

made. These studies were more extensive than the fallout studies of
ESC in that they covered distances up to 1500 m from the cooling towers.

Atmospheric Turbulence and Diffusion Laboratory (A.TDL),6 Oak Ridge,
Tennessee: Velocity and temperature profiles on numerous fans in both
K-31 and K-33 were obtained in addition to droplet size data. Infor-
mation on the relative occurrence of downwash and the atmospheric con-
ditions causing it as well as numerous photographic observations of
plume height and length was presented. A small amount of information
on the deposition rate in the immediate vicinity of the tower was in-
cluded. Background meteorological data at the tower site were ob-
tained providing necessary information for use with analytical models
of drift transport and fogging probability studies.

Ecological Sciences Division, Oak Ridge National Laboratory (ORNL),7=8
Oak Ridge, Tennessee: The intake of chromium and zinc in several
plant species at varying distances from the cooling towers as well as
the effect of these elements on growth rate was investigated.

Information on the physical characteristics of the cooling towers
along with a brief discussion of their history is given in a recent
report by Uglow.3

Although some preliminary scoping measurements were made in April, the
majority of measurements of drift emission and deposition were made during
a two-week period at the end of June 1973. During most of this time, the
weather was unsettled; there were appreciable changes in both wind speed
and direction and it rained on several days when data were taken. For-
tunately, the drift emission is not significantly affected by weather
conditions. Extensive sampling of the vegetation has been previously done
for extended periods of time so that the overall results of this study do
provide the information needed to make a preliminary evaluation of the
effects of cooling tower operation. However, the variations discovered
in many of the parameters under study indicate the need for a continuing
program to monitor both the tower performance and the deposition patterns.

Generally, it can be seen that the objectives of several of these studies
overlap and complement each other. The ESC studf’ forms the basis of the
drift emission measurements from the K-31 and K-33 cooling towers. This
study is complemented by portions of the ATDL report.6 The concentration
of chromium in the air and the deposition rate in the vicinity of the
cooling towers is covered in the BNW study.5 This information is supple-
mented by the independent measurements of ESC' and ATDL.® Finally, the



1k

effect of the cooling tower drift on the concentration of chromium and

zinc in the vegetation surrounding ORGDP is studied by the ORNL Ecological
Sciences Division. 78 All studies, as planned, were related to the overall
goals cited earlier. -

In this report, the findings of the four component studies are combined
and summarized. The data obtained have been further analyzed, and an
evaluation of the results from the various independent groups has been
made. The areas where agreement exists are discussed and the areas where
conflicting results are presented have been delineated. This report will
not only serve as an up-to-date study of the present status of drift emis-
sion from the ORGDP cooling towers, but also will provide a basis for the
formulation of plans for future tests to study the effects of other parame-
ters on the drift emission and to develop ways of further decreasing the
drift.

The results of this study show that the ORGDP towers are operating within
the limits on drift fraction specified when the towers were originally
procured even though some of the drift eliminators have deteriorated over
the years. The measurements of transport and deposition have provided
limited experimental confirmation of analytical models so that these
parameters can now be calculated with better confidence for a wider range
of operating and meteorological conditions. The studies of vegetation
around the towers indicate that plants serve as reliable "instruments" for
detecting small quantities of chemicals and that the drift from the towers
has little effect on plants at distances over 600 m from the towers.

Consideration is given to a more extensive series of tests on the cooling
towers. Such parameters as variations in meteorological conditions may
be investigated. In addition, the effect of increased power load corre-
sponding to CUP conditions can be studied to determine the effect on both
the drift flux from the towers and the deposition of that drift. Similar
tests at the other gaseous diffusion plants are also under consideration.

DESCRIPIION OF EXPERIMENTS
VELOCITY AND TEMPERATURE PROFILES

Velocity and temperature profiles were measured by ESC on Cell 6 of the
K-31 tower on June 26 and June 27, 1973. Measurements were also made

on Cell 11H, Fan 22 of the K-33 tower on July 2, 1973. A sketch of the
location of the two diametral traversez on the K-31 tower and the one
diametral traverse on the K-33 tower is given in figure 1. The air
velocity was measured by a Gill propeller anemometer. A modified Yellow
Springs Model 3314 electronic psychrometer capable of measuring dry-bulb
temperature and wet-bulb depression was used for temperature mecasurement.
The instruments were contained in a package mounted on a traverse rail.
Readings were taken at each of fifteen stations on each traverse.
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The ATDL tests also utilized a propeller-type anemometer for velocity mea-
surements. For the K-31 tower, data were taken on all seven cells opera-
ting during the week June 25 to June 29, 1973. For the K-33 tower, experi-
ments were run on Cell 6G, Fan 12. Temperature measurements by ATDL were
made with a Taylor indoor-outdoor thermometer taped to the end of an
aluminum pipe. Because of the water droplets in the air, the dry-bulb and
wet-bulb temperatures can be assumed to be approximately equal. This was
confirmed by the ESC measurements described earlier where the two tempera-
tures were found to differ by a fraction of a degree.

DROPLET SIZE DISTRIBUTION

A knowledge of the droplet size distribution in the drift leaving the
cooling tower is important since this, along with various meteorological
conditions, will affect the behavior of the plume. Consequently, empirical
information on this parameter, when put into mathematical models of plume
behavior, will give a more accurate prediction of the drift concentration
in the air as well as the distribution of deposits on the ground.

ESC undertook a thorough study of the droplet distribution at the mouth of
the fan in Cell 6 of the K-31 tower and a limited study of the distribu-
tion from Cell 11H, Fan 22 of the K-33 tower. The measurements on the K-31
tower were made in two ways. For water droplet diameters in the range of
a few to 200 pm, sensitive paper was used. In this technique, a piece of
chemically-treated paper was oriented so that the surface of the paper was
normal to the airflow. Thus, the impingement velocity of the particles
was essentially that of the airflow. The sensitive paper was exposed

to the airflow for a specified time period and was then analyzed micro-
scopically. The stain sizes on the paper were converted to the true
particle size using an impingement velocity calibration curve. A statis-
tical analysis of the particle size distribution was then performed. For
the diameter range between 200 and 1000 um, a Particulate Instrumentation
by Laser Light Scattering System (PILLS II) was used. Basically, this
instrument produced a voltage output which was related to the size of the
particles which entered its sampling volume one at a time. Thus, by
counting the number of voltage signals and correlating those with the mag-
nitude ol the signal, a droplet size distribution was obtained. No study
of droplet size in the diameter range in excess of 1000 um was performed.
Only the sensitive paper technique was used on the K-33 tower.

Another study of droplet size distribution which complemented the tests of
ESC was performed by ATDL. Sensitive paper alone was used in these experi-
ments, and only droplets of size larger than 100 pm were discernable. ATDL
did, however, detect droplets with diameters as large as 5000 um. In con-
trast, the ESC studies were limited to drop diameters of 1000 pum or less.
ATDL tests were conducted on eight cells in the K-31 tower which were
operating on the day the measurements were taken. Very little difference
in droplet distribution was found among the cells. The two tests conducted
on Cell 8G, Fan 16 and Cell 9G, Fan 18 of the K-33 tower indicated only

the presence of droplets less than 1500 um in size.
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TOTAL DRIFT FROM THE K-31 AND K-33 TOWERS

ESC obtained the total drift by summing the droplet distributions described
earlier over all droplet sizes and over all cell positions. They also

used an independent technique involving an isokinetic sampling method.

In this experiment, the drift-laden air emanating from the fan mouth en-
tered sampling tubes containing heated glass beads. The water was evapo-
rated from the sampling tubes, leaving its mineral content on the glass
beads. These minerals were then stripped from the tubes and analyzed
chemically. With a knowledge of the concentration of the elements (chromium,
magnesium, and calcium in this case) in the tower basin under study and
assuming that the concentration of the elements in question was the same

in the droplets as in the basin,* the amount of drift emitted from the

cell was back-calculated. This isokinetic sampling technique was used in
both the K-31 and K-33 studies.

Based on their droplet size measurements made on sensitive paper, ATDL also
obtained drift flux information. Tests were conducted on all eight opera-
ting cells in K-31 and Cell 8G, Fan 16 and Cell 9G, Fan 18 of the K-33
tower.

TRANSPORT STUDIES

From the tests described in the preceding three sections, a good estimate
was obtained of the amount of drift emanating from the cooling towers as
well as characteristics such as droplet size, velocity, and temperature
distributions. Coupled with a knowledge of the surrounding atmospheric
conditions and environs, one has the necessary parameters to attempt to
mathematically model the behavior of the plume, the distribution of the
drift in the air, and the distribution of deposits on the ground in the
vicinity of the cooling towers. Since any model which one would expect
to reasonably predict these parameters is necessarily quite complex, mea-
surement of the drift concentration in the air and the deposition in the
vicinity of the cooling towers would serve as a check on the results of
such a model.

A limited amount of information was obtained by ESC on the chromium, cal-
cium, and magnesium concentrations in the air near the K-31 tower. Air-
borne Particle Sampler (APS) Systems were used for these studies. The in-
struments were electrically-driven horizontal propellers with small pieces
of screen or mesh mounted on the APS arms at an elevation of approximately
ten feet above the ground. By recording the number of rotations made by
the arm and Knowing the area of the meshes, the volume swept out by an APS
system could be calculated. At the end of the test, the meshes were re-
moved and their chromium, calcium, and magnesium contents were measured.
The air concentrations could then be determined in terms of micrograms of
material per cubic meter of air. Three APS units were used at approxi-
mately the same time with two units downwind and one upwind for ambient
background determination. A sketch of all the APS locations is given in

¥Additional tests by G. P. Patterson of ORGDP have verified the wvalidity
of this assumption.
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figure 2. Typically, the locations were 75, 100, 125, and 175 m from the
tower. In addition to the above tests, fallout measurements were taken

at nine stations of the K-31 tower using sensitive paper. These stations
were located at 10-m increments from the north end of the tower. Particle
size distributions of the fallout as a function of distance from the cooling
tower were thus obtained. From these results, the deposition flux in terms
of ug/sq m-hr was computed.

BNW conducted a study of the concentration of chromium in the air and the
deposition in the vicinity of the K-31 and K-33 towers. A sketch of the
sampling locations is given in figure 3. As can be seen, the distances
from the cooling towers that were covered exceeded those of the ESC
tests. Air sampling was performed with vacuum pumps which drew ambient
air through filters at a controlled flow rate. After each test, the
filters were removed and soaked in nitric acid. The chromium content was
determined with an atomic absorption spectrophotometer. Deposition sam-
pling was performed using polyethylene jars which had an exposed ares of
approximately 75 sq cm. After each test, the deposition samples were col-
lected in polyethylene dishes and analyzed in a manner similar to the air
sampling filters.

Additional information on deposition rate and mean droplet diameter of the
fallout was obtained by ATDL. Using sensitive paper, data were taken both
on the walkways of the K-~31 and K-33 towers (approximately 2 m from several
of the cells) and on the ground under the plume axis at distances of up

to 30 m from the towers. :

As an extension of the present studies, a Gaussian plume dispersion
model was used by ATDL to determine the drift deposition. The calculated
values and experimental results were found to agree fairly well,?

EFFECT ON VEGETATION

A study of the effect on the environment of chromium and other elements used
in corrosion control must, in the final analysis, depend on the quantities
of these materials which are absorbed by the vegetation surrounding the
cooling towers. Therefore, an inventory was made by ORNL of chromium and
zinc concentrations in several plant species located at distances of 15

to 1750 m from the K-33 tower along the axis of predominant winds (NE-SW).
Samples of grasses, forbs, coniferous and broadleaf trees, and soil were
chemically analyzed. The location of the harvest plots is given in figure L.

The samples of plant materials obtained were completely burned, and the
ashes were treated with nitric acid before being analyzed for chromium and
zinc by an atomic absorption spectrophotometer. ©Soil samples were chemi-
cally treated in a different manner before being analyzed by atomic absorp-
tion. The original publication7 should be consulted for the appropriate
preparation details.

In addition tomeasuring the amount of chromium present in plants and soil,
it is important to know the effect of the drift on the growth rate of
plants. For this purpose, tobacco plants, which are known to be extremely
sensitive to chromium, were exposed to cooling tower drift. Three-month-
old plants were placed at four locations along the axis of most frequent
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wind directions. Forty potted plants were placed at each of the following
distances from the cooling towers: 15, 200, 600, and 1400 m. Additional
plants were located in a control area, remote from the drift. Four plants
were harvested at one-week intervals from each location, and leaf size was
used as the parameter for assessing effects on growth.

RESULTS AND DISCUSSION
VELOCITY AND TEMPERATURE PROFILES

K-31 Tower - Velocity Profiles

The two velocity profiles for Cell 6 of the K-31 tower obtained by ESC are
shown in figure 5. As can be seen, the two profiles were very similar and
quite symmetric on both sides of the fan hub. On the average, the maximum
velocity occurred at a radius of approximately 2 m. On the basis of

the measurements made in Traverse 1, the average velocity was 8.04 m/sec
and the volumetric flux was 296.4 cu m/sec. From Traverse 2, an average
velocity of 7.99 m/sec and a volumetric flux of 294.5 cu m/sec were ob-
tained. In the above calculations, the velocity in the wake of the hub

was neglected since it was either very close to zero or slightly negative
in all cases - the negative values indicating the effect of downwash. The
total area at the mouth of the fan, however, was used in the calculations.
On both days of testing seven cells were in operation and, if it is assumed
that the other six cells had similar velocity profiles, the total volumetric
flux from the K-31 tower was 2068 cu m/sec.

The velocity profile obtained by ATDL for one radius in Cell 6 of the

K-31 tower is also given in figure 5. The shape was quite similar to the
ESC curves although slightly higher. The maximum velacity acrurred at a
distance of 1.7 m from the center of the fan. The average velocity was
8.21 m/sec and the volumetric flux was 302.6 cu m/sec. For all seven
operating cells, the volumetric flux was 2118 cu m/sec. This was about
2.4% nigher than the average value ESC obtained. In table 1, a compari-
son of some of the velocities obtained on all seven operating cells is
presented. As can be seen, at a radius of 1.8 m, which was close to the
point of maximum velocity, the agreement was quite good. At a radius of
3.1 m, which was close to the rim, the velocity was much lower, as expected,
and the agreement not quite as good. This may be attributed to some degree
to interference from the wall.

Table 1

AVERAGE VERTICAL AIR SPEED AT MOUTH OF K-31 COOLING TOWER CELLS,
. ATDL STUDIES
June 25 - June 29, 1973

Cell 1 2 3 Y 5 6 7

Vertical 1.8-m radius 1L.9 15.4 15,0 16.2 15.8 1k.2 15.7
speed,
m/sec 3.1-m radius k.9 6.2 2.9 3.6 - - _
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K-31 Tower - Temperature Profiles

The temperature profiles obtained by ESC for Cell 6 of the K-31 tower are
given in curves 1, 2, 3, and 4 of figure 6. As can be seen, the tempera-
tures at the edges of the cell were anywhere from 4 to 11°C higher than
the temperatures near the hub center, which was approximately 26°C. This
could be due to the fact that the velocity in the center region was close
to zero and, as a result, there was little or no energy transported. The
profiles obtained by the first traverse seem to indicate a higher tempera-
ture than those of the second traverse.

ATDL temperature profiles along the south and west radii are shown in
curves 5 and 6 of figure 6. Here, the temperature profile from the west
radius lay considerably above that of the south radius. This is to be
expected since in a cross-flow type of cooling tower the air leaving on
the west and east sides of the fan is that air which has entered from the
upper portions of the air louvers and had been exposed to the hottest
water. From an analysis of the results of ESC and ATDL, the true maximum
and minimum axes appear to have been rotated approximately 30° in the
same direction as the rotation of the fan. This shift could, quite pos-
sibly, be due to the swirling effect of the fan. In general, all seven
operating cells gave temperature profiles that were in reasonable agree-
ment with each other. Some comparisons are provided in table 2.

Table 2

TEMPERATURE AT MOUTH OF K-31 COOLING TOWER CELLS
ALONG RADIUS TO THE WEST, ATDL STUDIES
June 25 - June 29, 1973

Cell i 2 3 A& 5 6 1
Temperature, 3.1-m radius 36 38 37 35 36 34 35
°cC

1.8-m radius 31 32 33 32 . 31 29 33

K-33 Tower - Velocity Profiles

Only a few cells on the K-33 tower were operating in the period June 25
to June 29, 1973. ESC obtained only one velocity profile for Cell 11H,
Fan 22, and it is shown in figure 7. The average velocity obtained from
the integration of this profile was 6.66 m/sec. The volumetric flux

was 204.2 cu m/sec.

ATDL also obtained velocity measurements on Cell 6G, Fan 12 of the K-33
tower. These measurements indicated that the velocity profile was within
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20% of that measured by ATDL on the K-31 tower. The volumetric flux was
about 250 cu m/sec.

K-33 Tower - Temperature Profiles

Figure 8 represents a temperature profile for the K-33 tower as measured
by ESC. When comparing figure 8 to figure 6 (the profiles for the K-31
tower), it can be seen that the magnitudes of the profiles for the two
types of cells were similar.

ATDL, in their measurements on two fans of the K-33 tower,obtained tempera-
ture profiles that were nearly the same as those for the K-31 tower.

DROPLET SIZE DISTRIBUTION
K-31 Tower

ESC obtained droplet size distributions at each of the stations where
velocity and temperature information was recorded. From this data, it was
possible to determine the number of droplets in each diameter range as

well as the concentration of drift in the air as a function of droplet size.
In figure 9, a plot of the drift particle-density distribution as a func-
tion of droplet size is presented for Station 3 of the first diametral
traverse. A comparison of the values obtained from ESC's various measure-
ment techniques is shown. In figure 10, the drift particle density distri-
bution averaged over all the positions of each diameter is shown. This
figure indicates that there were a large number of very small droplets in
the drift, and that as the particle diameter increased, the number of drop-
lets decreased so that at a particle diameter of 1000 pm the number of
droplets was about five orders of magnitude smaller than at 50 um. The
areas under the curves for diametral Traverses 1 and 2, when plotted on
rectilinear coordinates, gave the number of water particles per cubic meter
of air as it was leaving the fan mouth. - The results from the second dia-
metral traverse indicated that there were more than ten times as many
particles in the 900- to 1000-um-dia range than measured in the first tra-
verse.

While it is interesting to know the numerical distribution of the drift
droplets as a function of diameter, the drift concentration in the air as
a function of diameter is a more important parameter. It can be obtained
from the driit particle-density distribution by assuming that the droplets
are spherical in shape. Using the same density as pure water, the drift
concentration in micrograms per cubic meter of air per droplet diameter,
shown in figure 11, was obtained. From this curve, it can be seen that
the maximum contribution to drift was made by droplets in the 140- to 180-
ym range. Also according to the second diametral traverse, there exists
the possibility that droplets with diameters greater than 1000 um may have
contributed appreciably to the total drift.

Another way of plotting the distribution of drift as a function of droplet
diameter is in the form of the drift flux. This parameter was obtained by
multiplying the drift concentration by the velocity of the water droplets.
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Tt was assumed that this velocity was the same as the air velocity. Since
in reality it was slightly lower, the curve given in figure 12 can be
thought of as an upper limit on the drift flux.

In addition to the ESC data, figure 12 presents the results obtained by
ATDL. ATDL obtained drift flux measurements on all operating cells of
the K-31 tower, including Cell 6. While the results for small droplet
diameters (less than about 300 um) were difficult to discern on the sensi-
tive paper and thus not very reliable, the droplets with diameters greater
than 500 um could be measured with confidence. Generally, ATDL showed
that a sizable portion of the drift occurred at droplet diameters greater
than 1000 um. The shape of the curve from the second diametral traverse
also tended to indicate that drift at droplet diameters greater than

1000 um could quite readily exist. Curve A, which was chosen as the
average of the ESC and ATDL results, is recommended as the drift flux
curve. Based on this curve, T7.5% of the drift was located in the diameter
range in excess of 1000 pm.

In addition to Cell 6 studies, ATDL ran tests on the seven other operating
cells of the K-31 tower. Little difference in droplet size distribution
was observed.

The drift flux curve based on the average of all the cells as measured
by ATDL was, however, found to lie below the curve for Cell 6. The con-
dition of the drift eliminators in Cell 6, which will be discussed later,
is believed to account for the large amount of the drift emanating from
that cell.

K-33 Tower

The drift particle density distribution for Cell 11H, Fan 22, obtained by
ESC using sensitive paper only, is shown in figure 13. When compared to

the curve for Cell 6 of the K-31 tower, the two curves are seen to be of

the same shape in the range where data were taken.

In figure 14, the drift concentration in the air is given. Data were taken
by ESC in the limited droplet range from O to 300 um. In that range, the
drift concentration was about 12% lower than that in the K-31 tower. The
maximum concentration of drift occurred at a droplet diameter of approxi-
mately 130 pym. When examined on the basis of the drift flux, as in figure
15, the values obtained for Cell 11H, Fan 22 of the K-33 tower were ap-
proximately one-half those obtained on the K-31 tower. This was due to

the combined effect of both a lower drift concentration in the air and a
lower air velocity at the fan mouth in the K-33 tower.

ATDL also ran tests on the droplet distribution of the drift flux for

two fans in the K-33 tower. The drift flux was found to be only about
one-third that of the K-31 tower. Droplets with diameters greater than
1500 pym were not present. Consequently, the dashed curve in figure 15
may be used as a reasonable representation of the drift flux curve for
the K-33 tower.



20, 000

10, 000
8, 000

6,000

4,000

2,000

DRIFT FLUX, pg/um-sq m-tec

g

800

600

400

200

100

DWG. NO. G-74-105

DROPLET DIAMETER, d, pm

Figure 12
DRIFT FLUX PER UNIT DROPLET DIAMETER

= ESC, TRAVERSE 1, CELL 6, K-31 TOWER
— — ESC, TRAVERSE 2, CELL 6, K-31 TOWER
===== ATDL, CELL 6, K-31 TOWER
ATDL, AVG OVER ALL CELLS
P BEST FIT TO ESC AND ATDL RESULTS (CURVE "A")
L
-
-
—
-
-
-
- =~ b
S - -
— - - =
s S The———
| I | | 1 ] | | | ] | | |
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800

€e



DRIFT DROPLET DENSITY, Number/um-cu m

34

DWG. NO. G-74-106

CELL 11H, FAN 22, K-33 TOWER

AVERAGED OVER ALL STATIONS

10, 000 IN EACH DIAMETER.

8, 000
6, 000

4,000.

2, 000

1,000
800

600

400

200

100
- 80

- 60

40

: 1 | 1 |
0 200 400 600 800 1000
DROPLET DIAMETER, d, pym

Figure 13
DRIFT DROPLET DENSITY DISTRIBUTION



DRIFT CONCENTRATION, Hg/pm-cu m

20

0.8

0.6

0.4

0.2

35

DWG. NO. G-74-107

K-33 TOWER
CELL 1tH, FAN 22

| I | |

200 400 600 800 1000 1200
o ‘DROPLET DIAMETER, d, pm -
Figure 14

DRIFT CONCENTRATION PER
CUBIC METER OF AIR PER DROPLET DIAMETER



DRIFT FLUX, pg/um-sq m-sec

200

- 100

80

60

40

20

10

36

DWG. NO. G-74-108

DROPLET DIAMETER, d, pm
Figure 15
DRIFT FLUX PER UNIT DROPLET DIAMETER

K-33 TOWER
B CELL 11H, FAN 22
I \
\
i \
\
: \
;t \\
E]" \
| A
b \
\
T \
J \
| \\
T \ .
| N
t ~o
|i; \\
S~
| | 1 | | |~
0 200 400 600 800 1000 1200 1400



37

TOTAL DRIFT FROM THE K-31 AND K-33 TOWERS

Having investigated the droplet size distribution of the drift leaving the
cooling towers, the total drift, regardless of the droplet size, will now
be studied. The drift as a function of the cell position was examined.
Observations were made by the PILLS and sensitive paper techniques as well
as by the isokinetic probe technique.

K-31 Tower

One method used by ESC to measure the drift emanating from the cooling
tower consisted of the sensitive paper technique for droplet diameters of
less than 200 ym and the PILLS instrument for droplet diameters between
200 and 1000 pm. These results were analyzed in the previous section with
regard to the droplet distribution. By summing the drift contributions
from all droplet sizes at a given position of the cell mouth, the total
drift at that position was obtained. The isokinetic sampling technique,
while incapable of measuring the droplet size distribution of the drift,
does provide a reliable measurement of the total drift at each position
over the complete droplet size spectrum.

A comparison of the drift flux as a function of position as measured by
sensitive paper and PILLS versus isokinetic sampling is shown in figures
16 and 17 for the first and second diametral traverses, respectively. As
can be seen, the drift flux profile as measured by the isokinetic probe
was usually below that obtained by PILLS and sensitive paper. This result
is unexpected, and one would have expected that the opposite would have
been true. As previously mentioned, one of the major differences between
the ESC and ATDL studies concerned the droplet size distribution. The
PILLS system used by ESC measured only droplets up to a size of 1000 um.
The isokinetic sampling technique, on the other hand, collected droplets
of all sizes. Thus, if droplets of greater than 1000 um were present in
the drift, they would have gone undetected by the PILLS system and the
answers obtained by that technique would have underestimated the true
drift flux. Since it was previously found that approximately 7.5% of the
drift flux was in the droplet diameter range greater than 1000 um, one
would have expected the isokinetic sampling results to have been consis-
tently higher than the PILLS - sensitive paper data by approximately T.5%.
This does not seem to be the case, and reasons for the discrepancy are not
known although the possibility of the existence of condensed vapor indi-
cating higher values in the PILLS and sensitive paper measurements is
acknowledged. In addition, inaccuracies in the droplet calibration curve
used may have been a contributing factor.

Pictures were taken of the drift eliminators in Cell 6 as shown in figures
18a and b. As can be seen, large pieces of the drift eliminators on the
east and west sides of the tower seem to have been broken off. This could
account for a sizable fraction of the drift leaving the tower at Station
12 of the first traverse (figure 16) and Station 3 of the second traverse
(figure 17).
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The drift flux profiles in figures 16 and 17 can be integrated to yield
average drift fluxes over the whole cell mouth. The results obtained are
shown in table 3.

Table 3

AVERAGE DRIFT FLUX, CELL 6, K-31 TOWER, ESC RESULTS

First Diametral Traverse PILLS and Sensitive Paper: 4.22 g/sq m-sec

First Diametral Traverse

Isokinetic Sampling: 2.85 g/sq m-sec

Second Diametral Traverse PILLS and Sensitive Paper: 4.07 g/sq m-sec

Second Diémetral Traverse

Isokinetic Sampling: 4,00 g/sq m-sec

A sizable portion of the discrepancy in the average drift flux in the first
diametral traverse between the two techniques was due to the readings at
Station 12. A sharp rise in drift flux occurred at that point and numerous
factors, including an uncertainty in the exact location of the two instru-
ments, could have contributed to the 4ifferences.

ATDL data were obtained on all eight operating cells in the K-31 tower.
These results, along with the ESC findings, are shown in table 4. One
reason for the discrepancy is due to the fact that the ATDL results do not
include the very small droplet sizes (Oum £ 4 £ 250 um at least) which, ac-
cording to figure 12, constituted a sizable portion of the drift; ESC pre-
dicted a total drift from the eight cells of 1115.8 g/sec. The ATDL :
measurement yielded a total drift of 198.4 g/sec for the eight cells.

The above information can also be used to predict the drift fraction - that
is the fraction of the water, circulating through the cooling tower, which
is emitted as drift from the cell mouths. The various values of drift
fraction for Cell 6 are given in table 5.

K-33 Tower

In figure 19, a profile of the drift flux as a function of position is
shown for one radial traverse of Cell 11H. These measurements were made
by ESC using the sensitive paper and the isokinetic probe techniques.
Agreement between the two methods was fair, with the isokinetic sampling
fluxes being consistently higher.

Integration of the drift flux velocity profile shown in figure 19 yielded
an average Adrift flux of 0.0188 g/sq m-sec from the sensitive paper results
and an average drift flux of 0.0700 g/sq m-sec from the isokinetic sampling
curve. It was the measurement at Station 4 that contributed the most to
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Table b

TOTAL DRIFT VALUES MEASURED AT THE K-31 COOLING TOWER
June 25 - June 29, 1973

TowerFCell ‘ Investigator Drift, g/sec
K-31-1 A | ATDL 20.0
K-31-2 ATDL 18.0
K-31-3 ATDL 25.0
K-31-k4 ATDL ' 17.0
K-31-5 : ATDL 28.0
K-31-6 ATDL 36.0
K-31-7 ) ATDL ' 31.3
K-31-8 ATDL 23.1
K-31-6 ESC (First Diametral Traverse 156

- PILLS and Sensitive Paper)

K-31-6 ESC (First Diametral Traverse 105
- Isokinetic Sampling)

K-31-6 ESC (Second Diametral Traverse 150
- PILLS and Sensitive Paper)

K-31-6 ESC (Second Diametral Traverse 147
- Isokinetic Sampling)

the discrepancy. Since droplets existed in the entire range of 0 to 1500
pm in diameter, and since the sensitive paper used by ESC was limited to
droplets no larger in diameter than 300 um, one would have expected the
drift flux curve based on isockinetic sampling to be above the curve ob-
tained by sensitive paper. This was found to be true. By replotting the
curve in figure 15 on rectangular coordinates, it was observed that 83% of
the total area under the curve lay in the droplet range from O to 300 um.
Based on this, one would have expected the average drift flux from the
sensitive paper method to be 83% of the value obtained by isokinetic
sampling. In reality, the value was found to be 27%. Uncertainties in
the data, especially at Station 4, could account for this discrepancy.

ATDL data were obtained on Cell 8G, Fan 16 and Cell 9G, Fan 18. These
results along with the ESC findings on the total drift from each cell are
given in table 6. Again, as in the case of the K-31 tower, agreement was
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Table 5

DRIFT FRACTION VALUES, A, FOR CELL 6 OF THE K-31 TOWER
June 25 - June 29, 1973

ESC Values:
A (First Diametral Traverse — PILLS and Sensitive Paper) = 0.121%
A (First Diametral Traverse - Isokinetic Sampling) = 0.081%
A (Second Diametral Traverse - PILLS and Sensitive Paper) = 0.115%
A (Second Diametral Traverse - Isokinetic Sampling) = 0.114%
ATDL Value:
A = 0.028%

- Table 6

TOTAL DRIFT VALUES MEASURED AT THE K-33 COOLING TOWER

June 25 - June 29, 1973

Tower-Cell | Investigator | Drift, g/sec
K-33 - 8G, Fan 16 ATDL 6.0
K-33 - 9G, Fan 18 ATDL 7.0
K-33 - 11H, Fan 22 . ESC (Sensitive Paper) 0.577
K-33 - 11H, Fan 22 ESC (Isokinetic Sampling) | 2.15
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not very good. The situation here was, however, reversed. The ATDL values
were in all cases higher than the ESC results. This result is surprising
because the physical condition of the distribution and drift eliminator
sections of Cell 11H were in worse need of repair than any of the other
cells. Since these tests have been made, the H-tower has received con-
siderable general upgrading. It should be pointed out that ESC and ATDL
toock data on different cells. Also, the whole operation of the K-33 tower
was such that only a few fans were on and some cells were dissipating heat
without the benefit of fans. However, even if one used the higher ATDL
values, the drift fluxes were still considerably lower than those from the
K-31 tower.

The ATDL and ESC values can also be used to predict the drift fraction.

The results are shown in table 7. The values were much lower than those
for the K-31 tower.

Table 7

DRIFT FRACTION VALUES, A, FOR THE K-33 TOWER
June 25 - June 29, 1973

ESC Values (11H)

A (PILLS and Sensitive Paper) 0.000148%

0.000549%

A (Isokinetic Sampling)

ATDL (8G, Fan 16 and 9G, Fan 18)

8G, Fan 16: A

0.00153%

9G, Fan 18: A = 0.00179%

TRANSPORT STUDIES
Having obtained a good estimate of the amount of drift emitted from the
cooling towers, it is now necessary to determine how this drift was dis-

tributed in the air and on the ground in the vicinity of the cooling towers.

Concentration In Air

ESC, using their Airborne Particle Samplers, measured the drift emitted
from the K-31 tower at distances of 75, 100, 125, and 175 m upwind and
downwind of the K-31 tower. While approximately 20 data points were taken,
it was most meaningful to combine these points into 85- and 175-m locations
upwind of the cooling tower and 80- and 175-m locations downwind of the
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cooling tower in order to minimize scatter in the data. The results are
shown in figures 20 and 21. As one would expect, the concentration of
chromium upstream of the cooling tower, as shown in figure 20, is about

an order of magnitude less than downstream of the cooling tower. Similar
trends are noted for calcium and magnesium in figure 21. The existence

of drift upwind of the cooling tower may be attributed to both the possi-
bility that it came from the nearby K-33 tower and because of varying wind
direction. ©Shifts in wind direction were common during all test runs.

BNW ran a very extensive series of tests, obtaining data at 14 sampling
stations on each of four different days. The stations varied in distance
from 30 to 1500 m- from the cooling tower. The results from all four days
were averaged and the chromium concentration as a function of distance from
the cooling tower is presented in figure 20, Because of the variability of
the wind direction, shown in figure 22, no attempt was made to differentiate
between upwind and downwind sampling positions. As can be seen in figure
20, the concentration of chromium in the air as measured by BNW was below
the downwind values ESC obtained, but considerably above ESC's upwind
results.

Deposition on Ground

The drift which was carried away from the cooling towers eventually fell

out on the ground surrounding the towers. ESC measured this fallout rate
by placing sheets of sensitive .paper with areas of 9.6 sq cm at 10-m inter-
vals from the north end of the K-31 tower. The stain sizes on the sensi-
tive paper not only gave an estimate of the amount of drift that fell at
each of these locations, but also yielded information on the distribution of
that drift according to droplet size. It was again generally found most mean-
ingful to combine the results into 15-, 35~, 55—, and 80-m distances from
the K~31 cooling tower. The fallout particle size distribution is given

in figure 23. The behavior of the 15-m curve and to some degree the 35-m
curve was unexpected., Large numbers of particles seemed to fall out in the
very small droplet diameter range (O um < d < 80 pm) and in the large drop-
let diameter range (200 ym < d £ 700 um). In the intermediate diameter
range, a trough existed in the fallout droplet distribution. When the re-
sults were analyzed in terms of the actual number of micrograms of drift

per unit area per unit of time, as in figure 24, the curves appeared con-
siderably smoother. 1In all other respects, ESC's results appearing in

figures 23 and 24 were in reasonable agreement with what one would have ex-
pected.

At the smaller distances from the K-31 cooling tower, a significant portion
of the drift was composed of the larger sized droplets which were the heavies
and therefore were expected to fall out the soonest. As the distance in-
creased, the fraction of the drift which was composed of the larger sized
droplets, while still considerable, was progressively decreasing. The
anomaly in the 55-m curve may be explained to some degree by noting that
gusting winds occurred during the run. Such high-velocity winds are known
to cause downwash and an attendant increase in contact between the plume and
the ground very close to the cooling tower.
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By knowing the concentration of chromium, calcium, and magnesium in the
water in the basin of the cooling tower and assuming the same concentration
existed in the drift, the deposition flux of these elements can be computed.
The results for chromium are shown in figure 25 and those for calcium and
magnesium in figure 26.

ATDL also ran deposition flux studies using sensitive paper at distances
ranging from 2 to 30 m away from the cooling towers. The results are given
in tables 8 and 9. The mass median droplet diameters were considerably
higher than those obtained in the ESC studies and shown in figure 2k.

The deposition fluxes at each distance were averaged and plotted in figures
25 and 26. As can be seen, agreement with the ESC data is quite encour-
aging.

BNW also ran tests on the deposition fluxes at the same time that they ran
the air concentration studies described previously. Their method of ob-
taining the chromium concentration in the air differed from the ESC and
ATDL studies. BNW directly measured the amount of chromium falling on the
ground. The results for the average of all test dates are given in figure
25. The curve is found to lie slightly below the results of ESC and ATDL.
The differences may have been partially due to the method in which the
chromium deposition flux was obtained. Quite conceivably, a portion of
the liquid droplets falling on the sensitive paper during the ESC and ATDL
tests were not drift but pure water formed when vapor in the plume con-
densed. If this were the case, the amount of chromium calculated would
have overestimated the true chromium deposition by the percentage of

the liquid fallout which was actually condensed vapor. Another reason

for the difference between the BNW results and the ESC and ATDL values

may be due to the wind direction variability. As shown in figure 22, the
wind direction changed frequently and caused the plume leaving the cooling
tower to dissipate aover a wide area. Tho wind dircetion duriug Lhe ESC
and ATDL studies was steadier and the plume hetter defined. Thus, the
deposition flux could be expected to be less during the BNW tests.

An interesting result was obtained when the results of Runs B and E and
Runs C and D were grouped separately as shown in figures 27 and 28. The
peaks for figure 27 seemed to occur within 50 m of the cooling tower whereas
the peak of figure 28 occurred at a significantly greater distance. The
differences in temperature gradient offer the best explanation for dif-
ferences in flux distributions. As shown in table 10, the runs occurring
under conditions of steepest temperature gradient resulted in the greatest
plume rise and consequently the distribution of drift over the greatest
disltance range.

EFFECT ON VEGETATION

Having completed a study of the amount of drift emitted from the cooling
tower and having mapped the deposition flux and air concentration of the
drift in the cooling tower surroundings, it is important in the final
analysis to determine the effect of metallic elements in this drift on the
vegetation. '
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Table 8

DRIFT DEPOSITION RATE TWO METERS DOWNWIND OF CELL

Magnesium

. Mass Median Drop Drift Deposition Chromium Deposition* Calcium Deposition* Deposition*
Tower Cell No., Diameter, um Rate, ug/sq m-hr Rate, ug/sq m<hr Fate, pg/sq m-hr Rate, ug/sq m-hr
K-21-3 2,500 468 x 108 7,410 82,300 20,500
K-31-6 2,500 972 x 108 15,k00 171,000 ‘ 42,600
K-31-4 2,000 205 x 10° 3,25Q 36,100 9,000
K-33-8¢, 900 25.6 x 106 203 3,720 808
Fan 16 o
K-33-9G, 600 10.4 x 10° 83.1 1,520 330
Fan 18

*¥Computed from Drift Deposition rate using average basin concentrations of the elements in question.

19




Table 9

DRIFT DEPOSITION RATES AND MASS MEDIAN DROP SIZES AT GROUND DOWNWIND OF K-31 TOWER

s

Distance . ) Magnesium
From Tower, Mass Median Drop Drift Deposition Chromium Deposition® Calcium Deposition* Deposition*
M Diameter, um Rate, ug/sq m-hr Rate, ug/sq m-hr Rate, ug/sq m-hr Rate, ug/sq m-hr
7 75¢C ‘ 256 x 1G€ },0k0 44,900 11,200
7 75¢C 220 x 1cE 3,480 38,600 9,630
10 1,000 266 x 10 4 220 46,800 11,700
15 1,000 238 x 1cE . 3,760 41,800 10,400
15 500 Ths x 1€ 11,800 131,000 32,700
15 750 72 x 16F 1,140 12,700 3,160
30 » 450 79 x 1'05. 1',250 13,900 . 3,470
30 - hs0 217 x 1cé 4,390 48,700 12,200

*Computed from Drift Deposition rate using average basin concentrations of the elements in question.

94
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Table 10

WIND SPEED AND AMBIENT ATR TEMPERATURE GRADIENT, BNW TESTS

: Wind Speed, Tat top of - Tground » °C
Run m/sec cooling tower level
B 1.4 - 0.39
C 0.9 - 2.06
D 0.9 - 1.06
E 1.0 - 0.22

Accumulation of Zinc and Chromium in Vegetation

ORNL ran tests on samples of grasses, forbs, trees, and soil to determine
the amounts of zinc and chromium in the vegetation. ' The sampling loca-
tions were shown in figure 4. The proposed site of the Liquid Metal Fast
Breeder Reactor (IMFBR) along the Clinch River was selected as a control
area for vegetation and soil sampling since it was remote from cooling
towers and underlaid by the same geological formation as the ORGDP facility.

A plot of the concentration of zinc in the vegetation is- shown in figure
29. As can be seen, this concentration is significantly above background
levels (as measured at the control area) only at distances of less than

40 m from the cooling towers. As shown in figure 30, the concentrations
of chromium found at the sampling locations were appreciably higher than
the background level in the control area. The amount in the vegetation
was highest adjacent to the cooling tower and decreased exponentially with
distance. While deviations in absolute concentration differed among the
various types of vegetation, the general trends were the same.' Even at
distances of 2400 m, the concentration levels encountered were higher
than the background levels. In the case of the soil samples, the results
were different. As shown in figure 31, the concentration of extractable
chromium was low and, at distances of about 400 m and beyond, quite close
to the background level. Little difference was observed between the soil
samples gathered at 0- to 1l-em and O- to 5-cm depths. The rise in the
concentration of chromium beginning at a distance of 300 m and going on
out to 1200 m may to some degree be accounted for by noting that grass
vegetation covered the ground to a distance of about 450 m fromthe tower.
This grass may have absorbed most of the chromium fallout and thus shielded
the underlying soil. Another explanation may lie in the study of the
deposition flux in the vicinity of the cooling towers. It is worth noting
that figure 27, illustrating the deposition flux of the chromium measured
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during Runs B and E of the BNW tests, is remarkably similar in shape to"
the ORNL results on the concentration in the soil. The relative occurrence
of the type of deposition illustrated in figure 27 in contrast to that
shown in figure 28 is presently unknown and thus the effect of the deposi-
tion flux distribution or the chromium concentration in the soil is un-
certain.

Effect of Chromium on Tobacco Growth

One of the best ways of measuring the effect of chromium on vegetation is
to see the effect that this element has on the growth rate of a plant which
is sensitive to foreign elements. Tobacco was chosen and numerous plants
were located at distances of 15 to 1400 m from the tower. Four plants were
harvested each week for eight weeks and the accumulated chromium level is
presented in figure 32. It is interesting to note that all plants accumu-
lated chromium above background levels within one week and that the con-
centration at the 15-m distance was approximately 237 ppm after five weeks.
The decrease in the curve after the fifth week may have been related to a
40% reduction in the chromate content of cooling tower makeup water.

The effect of the chromium on the leaf sizes of the tobacco plants, which
are quite sensitive to chromium, is shown in figure 33. The plants at

the 15-m location actually shrunk in size while those at 200 m increased
only slightly in size. The plants at 600 and 1400 m were almost unaffected
by the chromium and their growth rate was statistically the same as plants
in the control area.

THRESHOLD LIMITS OF ELEMENTS IN COOLING TOWER DRIFT

In order for a decision to be made as to whether the amounts of chromium,
calcium, magnesium, zinc, and phosphorus emitted by the cooling towers at
ORGDP pose a hazard to health, there should be -clear scientific and ul-
timately legal guidelines for use as a measure. Unfortunately, at the
present, there are no legally acceptable limits with which to compare the
results described in this report. There are, however, some guidelines which
have been developed by technical and governmental organizations using
previous industrial experience and the results of numerous medical and
scientific tests. Threshold Limit Values (TLV) developed by the American
Conference of Governmental Industrial HygienistslO refer to airborne con-
centrations of substances and represent conditions to which it is be-
lieved that nearly all workers may be repeatedly exposed day after day
without adverse effect. These limit values refer to time-weighted con-
centrations for a 7- or 8-hour workday and a 4O-hour workweek. For the
case of substances dissolved in water, numerous organizations, such as the
California State Water Quality Control Boardl! and the Federal Water
Pollution Control Administration, U. S. Department of the Interior,12 have
presented standards which are either used as limits in drinking water or
recommended as quality criteria for farmstead uses. While these limits

are not directly related to cooling tower drift, they can, at the present,
serve at least as yardsticks in evaluating the effect of the cooling towers
on the environment. Pertinent values from the above sources are summarized
in tables 11 and 12.
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Table 11

THRESHOLD LIMIT VALUES IN AIR FOR SOME COMPOUNDS OF INTEREST!0

TLV,
Compounds . mg/cu m
Chromium, sol. chromic, chromous salts as chromium 0.5
Chromic acid and Chromates (as Cr403) ' 0.1
Calcium oxide 5
Magnesium oxide fume 10
Zinc chloride fume | 1
Zinc oxide fume >
Phosphorus (yellow) 0.1
Phosphoric acid - 1
Phorphorus pentachloride 1
Phosphorus pentasulfide 1
Phosphorus trichloride 3
(0.5 ppm)

Table 12

WATER CONCENTRATION LIMITS FOR ELEMENTS EMITTED FROM THE ORGDP COOLING TOWERS

Flement . Limit
Chromium The USPHS Drinking Water Standards of 1962 set a mandatory

limit of 0.05 mg/R® for hexavalent chromium, but none for
the trivalent form.

Magnesium Livestock can tolerate 2050 mg/% of magnesium sulfate in
thelr drinking water.

Zinc The USPHS Drinking Water Standards of 1962 set a limit of
5 mg/% of zinc in acceptable water supplies when no alter-
" nate sources are available. !l

Phosphorus Excessive growths of algae developed in lakes when the

average concentration of inorganic phosphorus was over
0.01 mg/.11
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These threshold limits may be compared with the experimental values ob-
tained at and in the vicinity of the cooling towers.

Air Concentration on K-31 Tower

At the mouth of Cell 6, ESC obtained the following drift flux (from
table 3):

4.22 g/sq m-sec using PILLS and sensitive paper; lst diametral tra-
verse., Dividing this by the average fan velocity of T7.99 m/sec, one
obtains the concentration of 0.5282 g/cu m for the drift. Using
water concentrations of 175.84, 43.85, and 15.83 ppm for calcium,
magnesium, and chromium, respectively, the following air concen-
trations are obtained:

Calcium : 0.0929 mg/cu m
Magnesium 0.0232 mg/cu m
Chromium 0.00836 mg/cu m

When compared to the Threshold Limit Values above, it is seen that
all three air concentrations are below these limits. At distances
further away from the tower, the air concentration is less and,
therefore, provides an even greater safety margin.

Air Concentration on K-33 Tower

The highest measured drift emission for a K-33 fan was 7.0 g/sec, ob-
tained by ATDL for Cell 9G, Fan 18, as shown in table 6. Dividing

this by the volumetric flux of 204.2 cu m-sec, a concentration of
0.03428 g/cu m is obtained. Since this is more than an order of magni-
tude less than the K-31 tower value, it is also safe.

Water Concentration on K-31 Tower

The water concentrations given above in terms of ppm can be rewritten
in the following units:

Calcium ©175.84 mg/2
Magnesium . 43.85 mg/2
~Chromiun 15.83 mg/2

One unknown factor at this time is how the cumulative effect of these
elements, as recorded in the previous section, compares with standards.
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None was found pertaining to concentrations in soil or in plants

during the search made in the literature. The results from the pre-
vious section tend to indicate that at distances of 600 m, the drift
seems to have little effect on the growth of tobacco plants which are
quite sensitive to the presence of chromium and other elements. In
addition, if the regions around the cooling towers are used for grazing,
both the elements inside the plants and those on the surface would be
ingested by the animal. Thus, limits on the deposition flux need to

be formulated. On the basis of the test described above and on the
observation that more than 20 years of operation seem to have done no
discernible damage to the surroundings, the ORGDP cooling towers, under
present operating conditions, are not creating an adverse impact upon
the environment.

CONCLUSIONS

Information has been presented here on the drift emission characteristics
of the K-31 and K-33 cooling towers under a limited range of operating
conditions. As a result of these tests, one can conclude the following:

1.

A drift fraction of between 0.08 and 0.12% was obtained for the K-31
tower. For the K-33 tower, the drift fraction was much lower due to
the better condition of some of the drift eliminators, the lower
ocperating level, or both.

The total drift flux from the K-33 tower is only about one-half to
one-third that from the K-31 tower.

The concentration of the elements in the drift is below the TLV's at
the top of the cooling tower,

The conditions of some of the drift eliminators havedeteriorated.
This is especially true of Cell 6 of the K-31 tower. These deteriora-
tions contribute significantly to the drift concentration in the air.

Deposition fluxes in the vicinity of the cooling tower - from 2 to
1500 m - were obtained. No standards are availahle with which to

compare these results.

The distribution of the deposition flux in the vicinity of the cooling
tower is dependent on the temperature gradient between the ambient

air at ground level and the air at the same elevation as the top of
the cooling tower.

The droplet size distribution is slightly different between the K-31
and K-33 towers. While in both cases the maximum drift flux occurs
approximately in the 120- to 180-um range, the K-33 tower emits drop-
lets only as large as 1500 um. The droplets from the K-31 tower vary
in size to as high as approximately 5000 um. Droplets in excess of
1000 pmconstitute only about 7.5% of the total drift flux in the

K-31 tower.
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Close to the tower, the largest size droplets tend to fall out at a
much higher rate than the smaller droplets.

Tentative experimental verification has been obtained for models of
drift transport.

Based on the limited tests performed so far, operation of the towers
under present power loads has not and is not causing any undesirable
effect on the native vegetation surrounding ORGDP.
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