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3. COOLING TOWER DRIFT: EXPERIMENT DESIGN 
FOR COMPREHENSIVE CASE STUDY 

N. S. Laulainen* 

3.1 INTRODUCTION 

Drift from a cooling tower is defined as that component of the cir-
culating water which is entrained in the airflow as small droplets and 
carried out beyond the tower. The drift droplets are produced mechanically 
within the tower, whereas the visible plume condensate droplets are cre-
ated through cooling of the saturated tower exhaust air. The differen-
tiation between thest droplet sources is important as the drift will 
contain concentrations of dissolved minerals and chemicals similar, if 
not identical, to concentrations of the circulating water. Depending 
upon the chemicals present in the circulating water, drift may have an 
adverse effect on the environment. Consequently, in order to assess 
environmental impact, it is important that the amount of c'rift and the 
resulting distributions in the air and on the ground b€ determined. 

Each cooling tower can be expected to have a unique drift distri-
bution, depending on the type and size of the units and the design of 
the drift eliminators. Meteorological conditions also play an important 
role in determining drift distribution. Thus a complex model will be 
required to provide cooling tower drift assessment for any particular 
tower under the varied modes of its operation and the range of meteoro-
logical conditions to which it will be subjected. 

A number of models have been developed to estimate drift distribu-
tions; ten of these models have been reviewed by Chen.1 Using a common 
set of input parameters, Chen finds that the maximum deposition differs 
among the models by two orders of magnitude with a wide range in down-
wind location of peak deposition. He concludes that no particular model 
can claim superiority over another without verification from field data, 
especially ground mineral deposition measurements. 
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The most comprehensive study to date of drift from a single cooling 
tower has been the Chalk Point Cooling Tower Project.2-1* In this study, 
measurements were made of salt water drift exiting from the natural-
draft towers, drift concentrations within the airborne plume, and near-
surface air concentration and surface drift deposition. Because of drift 
emissions from the stack plume, it was necessary to conduct an experiment 
where Rhodamine-WT dye was added as a tracer to the cooling tower circu-
lating water in order to separate drift components from the two plumes.5 

It is anticipated that this study will provide important field data to 
test various drift deposition models for natural-draft cooling towers. 

The objective of the experimental work described here is to develop 
a data base which can be used for validation of drift deposition models 
for mechanical—draft cooling towers. The key aspects of the proposed 
work are to measure the source characteristics and the meteorological 
conditions responsible for transport and dispersion of the cooling tower 
plume containing the drift component and to measure the downwind deposi-
tion and air concentrations of drift. The source and transport parameters 
serve as inputs to the models, while the deposition pattern serves as a 
comparison to the model outputs. Initially, a comprehensive experimental 
effort is planned for early spring 1978 on mechanical-draft cooling towers 
of some suitable power plant site, such as the Pittsburg (CA), Duane 
Arnold (Cedar Rapids, IA), Prairie Island (Red Wing, MN), Palisades 
(South Haven, MI) or Jack Watson (Gulfport, MS) plants. 

3.2 MEASUREMENT PROGRAM 

A major deficiency in evaluating drift transport and deposition is 
the lack of good field data. As models have become more refined, the 
need for more accurate measurements of both the source and sink terms 
has also grown. Thus it is necessary that simultaneous measurements be 
made of the mineral (or other additive) concentration in the tower basin; 
the rates of mineral mass and drift water emission and the associated 
drift droplet size distribution at the tower exit; the ambient meteoro-
logical conditions to evaluate plume rise, transport, and dispersion; 
and the spatial distribution of ground drift deposition, including both 
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mineral mass and drift droplet size distribution. In addition, measure-
ments of updraft wet- and dry-bulb air temperature and updraft air 
velocity profiles are necessary for predicting plume rise and the locus 
of points where the drift droplets of various sizes break away from the 
temperature-water plume. 

Proper source measurements are very crucial to model validation. 
Chen1 finds that the maximum deposition pattern and its location down-
wind of the cooling tower are very sensitive to the mass fraction in 
larger droplets for all present models. Reliable data for this part of 
the droplet size spectrum are difficult to achieve because of poor counting 
statistics; that is, there are very few large droplets but these few can 
account for an appreciable fraction of the total emitted drift mass. 
Thus several techniques should be applied to the measurement of the 
droplet emission spectrum and mineral mass flux to provide a necessary 
redundancy and to ensure that the results are as accurate as possible. 

The effective drift droplet emission height is also crucial in 
determining impact distances and deposition patterns.1 Cooling tower 
energetics (temperature, relative humidity and updraft velocity profiles), 
as mentioned above, are necessary for the prediction of plume rise, drop-
let evaporation, and drift droplet breakaway point. Some of the dis-
crepancies between various drift deposition models can be attributed to 
different assumptions regarding plume centerline height variations, 
evaporation, and effective emission height. Indeed, complex circula-
tions within the plume have been observed which very likely have a direct 
influence on effective height of drift emission. Unfortunately, this 
aspect of plume and drift transport is not included in the present 
measurement program but should be addressed in the near future. 

Since the amount of drift mineral to be measured can be expected to 
be small, the results of field experiments will be sensitive to the ac-
curacy and precision of the instruments and methods used. Nearly 100% 
of the drift mqss is presumably deposited on the ground within a few 
kilometers of the tower. Most sampling techniques take advantage of the 
cooling water minerals (e.g., salt), cooling water additives (e.g., sul-
furic acid, chromium), or tracers (e.g., Rhodamine-WT dye). Chemical 
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techniques, such as ion chromatography or atomic absorption spectroscopy, 
can be used to obtain quantitative measurements of various chemical 
species (e.g., sulfate, Ca2+, Na+) from bulk samples. The use of sen-
sitized papers, filters, and/or films as collecting surfaces for indi-
vidual droplets, although requiring tedious analysis efforts, provides 
a method of obtaining drift droplet size distributions from which total 
drift water mass is calculated by simple integration. 

When such analysis is applied to the source measurements, the total 
drift water mass emitted per unit time or drift rate can be estimated. 
Moreover, by combining the total mineral mass emission with the total 
drift water emission, a mean drift mineral concentration can be computed 
and compared to the mineral concentration in the basin waters. In prin-
ciple, these two concentrations should be the same if no evaporation has 
occurred from the region where the drift droplets are generated to the 
point where the measurements are made near the exit plane. Discrepancies 
have been observed, but their cause is not yet fully appreciated. 

Similarly, by combining downwind mineral mass deposition and drift 
water drift deposition, the mean drift mineral concentration can also be 
compared to basin water mineral concentration and/or emitted drift min-
eral concentration. In this manner, the amount of droplet evaporation 
can be assessed. It has been suggested that the measured droplet size 
distributions as a function of downwind distance could be used to calcu-
late the size and position of each droplet when it leaves the plume and 
thereby provide some additional information about the breakaway point as 
a function of droplet size. Accurate temperature, relative humidity, 
and wind profiles to plume height would be required. 

Ideally, a series of sampling stations located downwind and along 
the centerline of the plume would be sufficient to define the drift depo-
sition pattern. The reality of nonideal wind patterns, nonideal plume 
dispersion, and the possible obstructions to location of surface samplers 
requires a grid which is composed of a system of downwind arcs with 
three or more sampling stations per arc.5 Several upwind sampler sites 
are required to account for ambient background levels of drift chemicals. 
Sampling periods longer than 1 hr are required to average plume meander 
but most importantly to assure sufficient collection of drift mineral 
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and droplets for -analysis. To avoid contamination of the receptors by 
resuspended surfaces material or distortion of the measured distribution 
due to competition from other receptors such as plants and shrubs, the 
receptor stations should be elevated above the surface by about 1 m. 
Each receptor station should include at least one large water-sensitive 
filter paper and one or two large plain filter papers for obtaining total 
water droplet deposition and total mineral droplet deposition, respectively. 

Techniques are available or are being developed for obtaining quan-
titative concentrations of salt (chloride) and fluorescent dye in drop-
lets from the untreated filter papers.5 A number of water—sensitive 
filter papers are available,6*7 and evaluations of sensitive gelatin 
coatings8 and photographic film and other filter paper preparation tech-
niques6 are under way. The receptor station should also include one bulk 
deposition sampler (e.g., a large-area plastic pan or bucket with a tight 
sealing lid) for the determination of total mineral mass deposition using 
standard, high-sensitivity analytical chemical methods. 

Near-surface air concentrations of total drift mineral mass and per-
haps drift droplet size distributions can be measured using a high-volume 
sampler at each receptor station using untreated and water-sensitive 
filter papers, respectively. The untreated filter papers can be dis-
solved in water and analyzed for specific drift minerals using the same 
chemical techniques used on the bulk deposition samples or may be analyzed 
directly using x-ray fluorescence techniques. Drift droplet size distri-
butions can be obtained from the water-sensitive papers using calibra-
tions based on the flow rate of the high-volume sampler. Filter exposure 
areas should be in the range 100 to 600 cm2. Alternatively, drift drop-
let size distributions could be obtained using a rotating-arm sampler 
with sensitive papers and/or films attached.3 

Determination of droplet size distributions from the sensitive 
papers and/or films is expected to be the most expensive and time-consuming 
part of the data analyses. By use of a Quantimet 720 automatic sizing and 
counting system, an estimated 4 to 5 exposed papers can be analyzed per 
hour at a cost of roughly $40 per hour for equipment and operator time. 
The system can be programmed to provide hard-copy tables and graphs of 
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the measured distributions. Care must be taken, however, to account for 
droplet overlap and nonnormal droplet impingement. 

Meteorological observations are extremely important for data in-
terpretation such as distribution pattern, the amount of evaporation 
the droplets experience, and plume rise. Therefore, profile determina-
tions of wind speed and direction and dry- and wet-bulb temperature are 
required. A monostatic acoustic sounding system and h..gh-quality 
tethered-balloon telemetry system satisfy these requirements. The 
tethered-balloon system can provide quantitative data to 500 m above 
ground level. The acoustic sounder provides qualitative data of tempera-
ture variability to several hundred meters above f.round level and pro-
vides a real-time display of information related to atmospheric stability 
and the presence of convection from the surface. Time-lapse photography 
can also supply valuable information on complex circulations within the 
plume. It is expected that a synchronized two-camera system, viewing 
the plume from two different angles, can be employed to provide informa-
tion on plume geometry and orientation. 

Site surveys and preexperiments at several power plant sites are 
planned to evaluate a number of factors, including the logistics of 
setting up suitable surface measurement arcs with respect to surface 
topography and prevailing meteorological conditions, access to fan stack 
exits, and preliminary measures of the amount of drift deposition which 
can be expected as a function of downwind distance. Of these latter 
measurements, the bulk samples are to be used to check the sensitivity 
of the chemical analysis techniques. 

3.3 FIELD DATA APPLIED TO MODEL VALIDATION 

Since the data collected in this study are to be used for drift depo-
sition model validation, it is useful to estimate the sensitivity of the 
models to variations of input data. The Hosier, Pena, and Pena model,9 
a ballistic trajectory model incorporating evaporation of the drift 
droplets, provides a suitable starting point because of its relative 
simplicity. 
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In this model, particles in the size range d^ to d^ + Ad^ released 
from the plume at height h^ into an ambient wind field having uniform 
and constant wind speed W are deposited at the ground into a sector 
having an angular width 0 and radial extremities at x^ and x̂ . — Ax^ 
determined uniquely by d^ and d^ + Ad^, respectively. The deposition 
rate for each size class is given by 

where Q^ is the emitted drift mass in the size range d^ to d^ + Ad^ and 
c is a constant related to the frequency of humidity and wind direction 
toward the sector. 

Changes in mineral concentration are directly proportional to 
changes in Q^; similarly, the fraction of drift mass emitted in the size 
range interval is also directly proportional to Q^.10 Thus a given un-
certainty or variation in mineral concentration and drift mass fraction 
results in a proportionate change in drift deposition for a given size 
range interval; for example, a +15% error in either of these quantities 
leads to a +15% error in the predicted deposition. 

Other sources of uncertainty in model output include error in the 
effective release height h^, error in the effective terminal settling 
speed V , and error in the measured particle size d^. Pena and Hosier11 

have discussed the errors in estimating the settling velocity of drift 
droplets because of droplet evaporation and have suggested approximations 
to minimize these errors. Schrecker et al.12 have discussed the errors 
in effective release height and particle size and have concluded that 
errors in particle-size determinations, especially for trajectory-type 
models, have the greatest impact on the transport calculations. To 
illustrate this result further, a summary of the discussion by Schreekcr 
et al. is given. Subscripts are dropped for simplicity. 

The error in ground-level deposition due to error In effective re-
lease height can be calculated by noting in Eq. (1) that 

2cQ 
D. - [x.2 - (x. - Ax.)2] 2,-1 (1) 

(2) 
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and that 

A = -I [x2 - (x - Ax)2] (3) 

is the area of the sector into which the emitted mass is deposited. Con-
sequently, a fractional error of 6 in h^ [i.e., h^ -»- h^(l + 6)] results 
in a fractional error in the deposition rate D of 

D' A x2 - (x - Ax)2 1 ... 
D~ = T = x-2 - (x' - x-)" = (1 + 6)2 > ( 4 ) 

where the primes indicate the perturbed parameters. For 6 = +0.15, 
D'/D - 0.76, a 24% decrease in ground-level deposition. 

The estimate for errors in the particle-size measurements is more 
complicated and requires the additional assumptions that the tquilibrium 
particle size (after evaporation) is a constant fraction of the original 
size (i.e., d = 3d) and tnat the number of droplets per unit volume of e 
air sampled is the same in the size intervals [d, d + Ad = d(l + A)] and 
[d' = d(l + S), d' + Ad' = d(l + A)(1 + 6)]. For particles in the range 
0 < d < 100 ym, Vr = Kxde

2 = K,,d2, while for large droplets Vr = Kd. Be-
cause of the size change, there is also a mass change to account for in 
Q of Eq. (1). Thus, the fractional error in the deposition rate is, 
from Eqs. (1) and (2), 

Bl _ fil A m" x2 - (x - Ax)2 /dA 3 \ (dr* - [d(l + A)]~\ j 
D ~ A' " Q ~ m x'z - (x' - Ax')* = \d / / (d')-" - [d'(l + A)]_H ( 

= (1 + 6)3 (1 + 6)14 = (1 + S)7 (5) 

for particles in the range of 0 < d < 100 ym and 

^ = (1 + S) 5 (6) 

for large particles. Thus with 6 = +0.15, Eq. (5) gives D'/D = 2.66 and 
Eq. (6) gives D'/D = 2.01. These errors are substantial and clearly 
point out the need for precise size distribution measurements of the 
source. Meyer and Stanbro have also carried out sensitivity analyses 
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of several drift deposition models and have made similar conclusions re-
garding size distribution measurements of the source, ambient relative 
humidity, and effective drift release height. 

It is instructive to estimate the downwind mineral deposition rates 
with the ballistic trajectory model of Hosier, Pena, and Pena.9 Chen1 

has carried out calculations for a natural-draft cooling tower using a 
drift rate of 2 * If)"5, an ambient relative humidity of 70%, and a wind 
speed and tower exit speed of 4.3 m/s. The tower is 100 m high with a plume 
rise of 500 m. Source emission parameters are shown in Table 3.1, along 
with the downwind drift nass and droplet deposition rates. The mineral 
mass and droplet numbers in each size category were assumed to be con-
served and deposited into a sector bounded by impact distances of those 
droplets whose sizes were at the extreme of each size category. A maxi-
mum deposition case was also calculated by Chen,1 where the droplets are 
emitted from the top of the tower and do not evaporate. Results of these 
calculations are shown in Table 3.2. 

Table 3.1. Estimated salt deposition rates from a ballistic 
drift model (see Chen1) at ambient relative 

humidity of 70% 

Emitted 
droplet 
diameter 

Emitted 
drift 
mass 
(g/s) 

Downwind 
distance 

Salt 
deposition 

rate 
(yg/hr/dm2) 

Final 
droplet 
diameter 

Droplet 
deposition 

rate 
(#/hr/dm2) interval 

(Mm) 

Emitted 
drift 
mass 
(g/s) (km) 

Salt 
deposition 

rate 
(yg/hr/dm2) interval 

(ym) 

Droplet 
deposition 

rate 
(#/hr/dm2) 

600-500 0.6 1.2-2.3 25 360-220 
500-400 1.7 2.3-3.4 56 220-170 29 
400-300 3.4 3.4-6.5 21 170-110 25 
300-200 9.0 6.5-14 12 110-70 37 
200-100 6.7 14-32 1.4 70-50 25 
100-0 1.1 32-180 <.01 50-0 -v-3 

Since the results in Table 3.1 are rather conservative while those 
of Table 3.2 represent an upper limit, actual deposition patterns from 
a mechanical-draft tower can be expected to be somewhere between these 
two cases. It is clear that evaporation is extremely important in pre-
dicting drift droplet deposition. 
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Table 3.2. Estimated maximum salt deposition rates 
from a ballistic trajectory model (see Chen1) 

with no evaporation and the droplets 
emitted from the top of the tower 

Emitted 
droplet 
diameter 
interval 

(wm) 

Emitted 
drift 
mass 
(g/s) 

Downwind 
distance 

(km) 

Salt 
deposition 

rate 
(yg/hr/dm2) 

Droplet 
deposition 

rate 
(#/hr/dm2) 

600-500 0.6 0.18-0.22 6,900 2,100 
500-400 1.7 0.22-0.27 11,000 7,400 
400-300 3.4 0.27-0.38 8,300 11,000 
300-200 9.0 0.38-0.61 6,900 24,000 
200-100 6.7 0.61-1.6 .490 9,000 
100-0 1.1 1.6-150 0.01 ^2 

From an experimental standpoint, a 1-hr sample with a 1-dm2 receptor 
area, using the deposition rates of Table -3*1, would be close to the sen-
sitivity limit of the various detection methods. For example, a 25-ug 
sample when diluted with 10 m& of rinse water results in a 2.5 ppm salt 
concentration. The ion chromatograph is sensitive to 0.5 ppm but operates 
best in the range 5 to 50 ppm. For droplet size distribution measurements, 
several hundred droplet stains are necessary for good statistics. Thus 
an experiment run of 5 to 10 hr would be required to reasonably character-
ize drift deposition with the rates given in Table 3.1. On the other 
hand, only 10 to 20 min would be required for similar accuracy with the 
rates given in Table 3.2. 

3.4 CONCLUSIONS 

A drift experiment program to develop a data base which can be used 
for validation of drift deposition models has been formulated. The first 
field effort is designed for a suitable mechanical-draft cooling tower 
to be selected after site visits have been conducted. The discussion here 
demonstrates the importance of characterizing the droplet size spectrum 
emitted from the tower and to accurately account for droplet evaporation, 
because the downwind droplet deposition patterns and near-surface air-
borne concentrations are extremely sensitive to these parameters. 
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