
near the ground, the plume will be depleted 
by scavenging. If an exponential decay is 
assumed. 

X{t) = Xo exp (-kt) 

where k is the scavenging or "washout" 
coefficient, it is easy to see that for 
equilibrium scavenging 

-H*J _ -w 
Cl=b - Cl=b k 

Values of k and the depletion at various 
times are listed in Table 2.6. 

Some assumptions were made to obtain 
these results. Most unusual perhaps are 

(7) 

(8) 

the assumptions that the temperature is 
constant with height and that ascension 
does not compress or expand the layer. A 
single raindrop size was used, a typical 
mass mean for frontal rainfall. Condensa
tion within the layer was not considered, 
so that scavenging of HTO-saturated cloud 
drops is not included. All these limita
tions can be handled with more detailed 
calculations. The problem of the redistri
buted "shape" of X (X was assumed to be 
depleted uniformly) was not solved; this is 
not a severe limitation, however, as long 
as equilibrium conditions are predominant 
(e.g., thick HTO layers and warm tempera
tures) . 

COOLING TOWER DRIFT: COMPREHENSIVE CASE STUDY 

N. S. Laulainen and S. L. Ulanski 

A comprehensive experiment to study drift from mechanical drift cooling towers was con

ducted during June 1978 at the PG&E Pittsburg Power Plant. The data from this study will be 

used for validation of drift deposition models. Preliminary results show the effects of 

tower geometry and orientation with respect to the wind and to single- or two-tower operat

ion. The effect of decreasing relative humidity during a test run can also be seen. 

INTRODUCTION 

A comprehensive experiment to study 
emmisions, transport and downwind deposition 
of drift from a mechanical draft cooling 
tower was conducted at the PG&E oil-fired 
Pittsburg Power Plant at Pittsburg, 
California, from June 12 to 26,1978. The 
purpose of the study was to develop a data 
base to be used for validation of drift 
deposition models. 

The study was designed to measure the 
characteristics of the drift droplets 
emitted from the tower, the ambient meteoro
logical conditions responsible for the 
transport and dispersion of the drift, and 
the downwind and near-surface air concentra
tions of the drift. The source character
istics, including updraft air temperature 
and velocity profiles, and the meteorologi
cal data are to be used as inputs to the· 
models; the measured deposition patterns 
are to serve as comparisons to model out
puts. 

Source characterization measurements 
were performed by Environmental Systems 
Corporation (ESC of Knoxville, Tennessee) 
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under sponsorship of the Electric Power 
Research Institute (EPRI). Measurements of 
meteorological and surface deposition were 
carried out by PNL. Other limited compari
son tests were also performed by other 
organizations. Calfran Industries 
(Springfield, Massachusetts), also under 
EPRI sponsorship, measured drift droplet 
size distributions using a photographic 
technique; these measurements were to be 
compared to the ESC-derived size distribut
ions and drift emission rates. Xonics (Van 
Nuys, California) provided limited remote 
wind profile measurements made with a 
Doppler acoustic radar system for comparison 
with measurements made by PNL' s tethered-
ba 11 oon sys tem. 

Experi mental 

A total of eight test runs plus a limited 
test were carried out during the June drift 
study at Pittsburq, California. Downwind 
deposition measurements were coordinated 
with ESC's source measurements on seven 
different tests. An eighth test was conduc
ted with no concurrent source measurements. 
Limited droplet measurements were made on 
the fan deck of a single tower to examine 



near-field deposition during a ninth and 
final test. The tests were divided into 
two-tower operation (three tests), 
tower 7-2 (western-most two tests), and 
tower 7-1 (three tests). 

Meteorological conditions were not 
nearly as ideal as previous June climatology 
would indicate. The winds, though persis
tently from SW to W to NW, were more intense 
during the morning hours than usual. Only 
two or three runs were made where the winds 
could be classified as 10 mph or less. The 
other tests were carried out under winds 
ranging from 10 to 15 mph. 

Meteorological data was collected at two 
levels from an instrumented 10-m tower 
upwind of the cooling towers from June 16 
to 25, 1978. Temperature (dry- and wet
bulb), u, v, and w components of the wind 
were recorded continuously onto a seven
track magnetic tape at 5-min intervals over 
the experimental period. 

A tethered-balloon system provided 
vertical profiles of temperature, moisture, 
and horizontal wind speed and direction 
within the vicinity of the cooling towers 
as well as in the upwind direction. Pro
filing was performed from the surface up to 
as high as 400 m on one occasion. The bulk 
of the profiles extended up to only 100 m. 
During the experimental period, the tethered
balloon system was flown on only seven days 
(June 15,16,17,21,23,24, and 25). Its 
operation was limited by high winds 
(>10 m S-I). The system, which was inter
faced with an HP-97 calculator, provided 
print-outs of time, pressure, height, 
temperature, relative humidity, mixing 
ratio, wind speed and direction, and poten
tial temperature. 

During the last three days of the experi
ments, a Doppler acoustic sounder determined 
the wind profile in the boundary layer. A 
monostatic acoustic sounder also operated 
continuously from June 16 to 25. Data were 
recorded on a strip chart recorder. Auto
matic time-lapse camera systems were used 
to conduct plume photography during the 
experiment. In general, visible plume 
lengths were very short during the test 
peri od. 

The strategy for measuring cooling tower 
drift emissions was based on pretest drift 
emission observations. Intensive measure
ments of a single cell during a specific 
test run and limited measurements of refer
ence cells on each tower were made. Droplet 
size distributions were determined using 
sensitive papers (SP) and a light-scattering, 
droplet-counting system (PILLS). ESC 
acquired other plant and cooling tower 
operational parameters. 
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Downwind drift deposition patterns were 
determined using sensitive papers (SP) and 
deposition pans. Untreated filter papers 
were also exposed. These papers can be 
examined either as additional deposition 
receptors for further chemical analysis or 
developed for CL- ion using Ag N0 3 • (The 
papers treated in this manner should be 
similar to the SP's.) At selected locations 
a rotating arm sampler with sensitive 
papers attached was used to determine near
surface air concentrations of drift. Canal 
and basin water samples were regularly 
collected during test runs. 

Data Analyses and Reductions 

Of the eight test runs, five to six are 
of sufficient quality to warrant intensive 
analyses. Chemical and droplet analyses 
have been nearly completed for the 6-16 
test; only partial analyses (droplet) of 
the 6-17 have been completed. Some drift 
deposition data interpretation has been 
carried out. Two types of analyses are 
conducted: 1) chemical analysis of bulk 
deposition samples and 2) droplet size 
distribution analysis of sensitive papers. 

Mineral ion species, incl uding Na+, K+ 
and NH4+' Cl-, N0 3 - and S04--, are obtained 
routinely with the positive and negative 
ion chromatographs (IC); Ca++ and Mg++ are 
determined by atomic absorption spectroscopy. 
Deposition pan samples and canal and basin 
water samples are analyzed using these 
techniques. Samples are recovered from the 
deposition pans using 10 011 of double
distilled, deionized water. Canal and 
basin water samples are usually diluted by 
a factor of 100 to 1000 before being ana
lyzed on the IC's. 

Drift droplet size distributions are 
obtained from the sensitive papers with an 
automated scanning and sizing device, the 
Quantimet 720 system. The system is inter
faced with a mini-computer that allows the 
measured stain sizes to be converted to 
droplet sizes, binned according to size 
category, and number and volume size distri
butions stored on cassette tape for hard 
copy retrieval. 

The results of the chemical and droplet 
analyses are then converted to deposition 
rates, from which the downwind deposition 
patterns are obtained. It is apparent from 
preliminary analysis of the 6-16 test that 
because of the wind and dust conditions at 
the site during the experiment, larger 
background values of mineral ion deposition 
are present in the data than originally 
anticipated. Fortunately, the sampling 
procedure allowed for enough outside-the
plume stations that, with suitable statisti
cal procedures, it should be possible to 



eliminate most of the influence of this 
variable background component. 

Ratios of mineral ion mass deposition 
may be a convenient method for distinguish
ing drift from nonsoil, background aerosol, 
as the ratios for drift material should be 
similar to those of basin and/or canal 
water. The problem of soil contamination 
is not as straightforward, because the soil 
has been exposed to drift deposition and, 
more important, canal water from water 
trucks used in PG&E's dust abatement efforts. 
The upwind stations should be useful for 
evaluating the nonsoil background; the soil 
samples collected near many of the sampling 
stations may be useful for qualitative 
estimates of soil/dust contamination. 

The 6-16 data also seem to show the 
screening effect caused by the electrical 
switchyard superstructures on the downwind 
deposition pattern. Since, in several of 
the test runs, the plume moved in a direc-

tion of few interferences, a quantitative 
estimate of drift interception by the 
switchyards may be possible (see 
Fi gure 2.23). 

Drift distribution patterns are expected 
to show the effects of tower geometry and 
orientation with respect to the wind and 
single- or both-tower operation. For the 
most part, winds were along the long axis 
of the towers, which themselves were aligned 
end-to-end. Visual examination of the 
sensitive papers shows cross-plume differ
ences in droplet size distribution and 
magnitude of deposition rate--an observa
tion which is at least consistent with the 
above remarks. 

Aside from the obvious effect of wind in 
determining the downwind drift distribution 
pattern, the effect of rising temperature 
and decreasing relative humidity during the 
course of a test run can also be seen on 
the sensitive papers. Thus, changes in 
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FIGURE 2.23. Quantitative Estimate of Drift Interception by Switch yards. 
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droplet evaporation rates are important 
factors in determining droplet size distri
bution and mineral deposition rates. To 
make these determinations, the meteorologi
cal observations (e.g., from the PG&E 
station, the tethered-balloon system and 
the lO-m meteorology tower) should be 
averaged, where practical, over intervals 
compatible with the actual sampling times. 
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A LAGRANGIAN-SIMILARITY DIFFUSION-DEPOSITION MODEL 

T. W. Horst 

A Lagrangian-similarity diffusion model has been incorporated into the surface-depletion 

deposition model. This model predicts vertical concentration profiles far downwind of the 

source that agree with those of a one-dimensional gradient-transfer model. 

The surface-depletion model of Horst 
(1977) is a method for correcting an atmos
pheric diffusion model for dry deposition. 
It requires only a deposition velocity vd 
and an expression for D(x,z,h}, the cross
wind-integrated airborne contamination at 
location (x,z) caused by a unit point 
source of nondepositing material at (x = 0, 
z = h). Since the surface-depletion model 
uses a negative area source or sink of 
material at ground level to account for 
deposition, D(x,z,O) is an essential 
element of the model. 

The surface-depletion model has been 
improved by replacing the Pasquill-Gifford 
Gaussian plume formula for D(x,z,O) with a 
Lagrangian similarity description. The 
latter theory predicts the vertical spread 
i of a contaminant in terms of the friction 
velocity u* and the Obukhov length L, 

(1 ) 

where ¢ is a function of atmospheric stabil
ity. D(x,z,O} is assumed to be 

D(x,z,O) = D(x,O,O) exp [-(z/bz)n] (2) 

with D(x,O,O) determined by the requirement 
of continuity. A gradient-transfer solution 
to the convective-diffusion equation pre-
di cts that n = 2 - p, if the eddy di ffus i vity 
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is proportional to zP (p > 1 for unstable 
conditions, p = 1 for neutral conditions, 
and p < 1 for stable conditions). Observa
tions of atmospheric diffusion from a 
ground-level source, however, favor n = 1.5 
for neutral conditions, n < 1.5 for unstable 
conditions, and n > 1.5 for stable condi
tions (Horst 1978a). 

The new version of the surface depletion 
model has been tested with the vertical 
profiles of airborne contamination C(z) 
predicted far downwind of the source. 
These profiles are independent of the 
source location (Horst 1978b) and are a 
function only of u*, z/L, and the deposition 
vdC(Zd). One-dimensional gradient-transfer 
theory predicts that 

(3) ¢(z'/L) dz' ---z-.--

The best agreement between the surface 
depletion model and equation (3) is found 
with a value of n = 1 in neutral conditions, 
n < 1 in unstable conditions, and n > 1 in 
stable conditions. As might be expected, 
thi s agrees i'li th the gradi ent-trans fer 
solution to the convective-diffusion equation 
rather than with the observational data on 
vertical diffusion. 


