
TABLE 3.1. Trace Elements (ng/m3) and Average Visual Range for Sampling Flights for June 16, 21 and 22, 1978. 

Date June 16 June 21 June 22 

Priest Riv. Lk. 
Hood Canal Upper & Lower Upper Kittitas Coeur d'Alene East 

Sampling E. of Olympic Seattle Kittitas Valley and Sandpoint Columbia Willamette 
Sites Mountains Foothills Valley Wenatchee (Spokane-D.W.) Gorge Valley 

As <2.6 5.6 3.4 4.4 9.9 3.6 2.5 
Sr 6.3 11.1 3.9 5.5 7.4 5.1 6.5 

Ca 299.8 452.0 534.1 1478.4 1673.1 1935.0 477.8 

CI 642.0 643.1 865.9 422.4 222.7 199.3 363.1 

Cr 62.7 33.9 46.3 76.8 116.6 75.1 35.2 
Cu 142.1 57.3 77.3 44.9 57.1 78.9 44.5 

Fe 1017.7 871.4 1077.4 3264.0 4182.7 4489.2 887.2 

K <54.6 <43.8 64.1 823.2 1202.2 1253.9 96.1 

Mn 29.1 12.8 24.8 72.0 110.2 97.5 23.9 
Ni 18.2 13.8 17.7 22.5 31.6 27.2 9.4 
Pb 19.4 30.9 14.8 25.4 45.2 20.6 17.5 
Rb <4.4 <3.4 < 5.1 4.4 6.8 10.4 <2.0 

S 547.8 1034.5 611.4 734.4 440.4 1091.3 608.8 

Ti 92.2 137.0 126.9 384.0 443.2 561.2 88.7 

V <9.6 <7.9 11.5 6.2 10.2 24.9 7.3 
In 25.5 19.6 23.7 21.1 38.2 30.8 16.6 
Sampling 
Time, min 30 43 31 87 74 53 74 

Sample 
Volume, m' 32.3 47.3 33.4 93.6 79.6 57.0 80.7 

Average 
Visual 
Range, mi 77 69 85 44 57 70 60 

INSOLATION AND TURBIDITY MEASUREMENTS AT HANFORD 

N. S. Laulainen, E. W. Kleckner, J. J. Michalsky and J. M. Thorp 

From observations obtained at the Rattlesnake Observatory and the Hanford Meteorological 
Station, the redistribution of solar radiation as a result of aerosols in the lowest 1 km of 

the earth's atmosphere has been examined using several types of solar radiation measuring 

instruments. Large turbidity excursions are observed with high values associated with 
stagnant air masses and low values associated with frontal passage. Turbidities show varia

tions in color dependence that arise because of changes in particle size distribution. 
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An experiment to examine differential 
turbidity effects on insolation measured at 
the earth's surface was initiated during 
the summer of 1977 and continued through 
the summer of 1978. Several types of 
solar-radiation measuring instruments were 
employed during the study at the Rattlesnake 
Observatory (RSO) at 1090 m MSL and at the 
Hanford Meteorological Station (HMS) at 
220 m MSL. Nearly simultaneous observa
tions were frequently made at both observing 
sites with occasional instrument comparison 
at the same site. 

The rationale for the experiment was: 
the first kilometer or so of the atmosphere 
above the surface is generally the most 
turbid and aside from clouds, solar radia
tion is attenuated and diffused largely 
through scattering and absorption by sus
pended atmospheric particles. Thus, char
acterizing turbidity and redistribution of 
solar radiation in this portion of the 
atmosphere is an important consideration in 
using solar energy and in evaluating poten
tial inadvertent climate modification as a 
result of aerosols. 

The Hanford area provides a unique 
opportunity for such characterization 
because of the nearly l-km altitude differ
ence between RSO and HMS and because of the 
large variability of atmospheric dust, 
smoke and haze in the Central Columbia 
Basin region (Laulainen 1978). 

Total insolation on a horizontal surface 
was measured with pyranometers. A precision 
Eppley (Model PSP) thermopile unit was 
located at HMS and was used to compare the 
portable field units. A silicon-cell 
pyranometer with a rotating shadow band 
provided both total insolation and diffuse 
sky radiation. Direct solar measurements 
were made with a 10-channel sunphotometer, 
a 6-channel active cavity radiometer (ACR), 
and the 7-channe1 mobile automated scanning 
photometer (MASP) unit. The sunphotometer 
used in this study employed a silicon 
photovoltaic cell as a detector, which is 
sensitive to radiation in the spectral 
range 0.4 to 1.2 ~m. The ACR was sensitive 
to radiation over the entire solar spectrum 
(0.3 to ~ ~m). The MASP unit, operating 
in a direct sun-looking mode, also used a 
silicon cell as a detector. 

Calibrations of the portable field 
pyranometers were difficult to maintain. 
Moreover, mechanical failures of a few of 
these instruments occurred. The unit 
assigned to RSO was damaged beyond repair 
during late fall 1977, so that comparative 
insolation data between RSO and HMS are 
only available for July through September 
1977. Direct solar measurements can be 
made only for a cloud free line-of-sight. 
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The ACR and sunphotometer were compared 
at the same site on three separate occasions, 
twice at HMS (14 August 1978 and 14 September 
1978) and once at RSO (6 July 1977). The 
turbidities derived from observations with 
each of these instruments are compared in 
Figure 3.4. 

Turbidities at HMS during 1977 and 1978 
are shown in Figure 3.5. Variations are 
similar to those reported earlier 
(Laulainen 1978). The turbidities show 
large excursions that are related to the 
synoptic meteorology. A stagnant air mass, 
for example, allows smoke and haze to 
accumulate in the basin leading to rather 
high turbidities. Abrupt turbidity decreases 
usually occurred after frontal passage. 

The aerosol layer redistributes the 
direct solar beam primarily through scatter
ing of radiation. As the turbidity increases, 
so does the diffuse component of insolation. 
The increase in diffuse radiation, however, 
does not compensate entirely for the loss 
from the direct beam, since some of the 
radiation is back-scattered or reflected 
into space while other parts of it are 
absorbed by the particles. The ratio of 
absorption to back-scattering determines 
whether the aerosol layer acts to cool or 
to warm the surface. The redistribution of 
radiation also can have a significant 
effect on solar collector performance. On 
cloud-free days, diffuse radiation accounted 
for 10 to 20% of the total insolation, 
depending upon the turbidity. 

Because light scattering is particle
size dependent, the spectral quality of 
solar radiation is affected by size distri
bution of the aerosol layer. Spectral 
turbidities can be approximated by a simple 
power law dependence on wavelength over the 
visible spectrum, i.e., T ~ A-a where T is 
the optical depth or turQidity, A is the 
wavelength and a is the Angstrom wavelength 
exponent. Typical values of a are found in 
the range 0.5 to 2.5 with occasional values 
in the -1 to 0 range at background sites 
(Middleton 1968). 

Fresh aerosols originating from gas-to
particle conversion or from combustion 
products tend to have a predominance of 
fine particles smaller than 0.1 ~m in 
diameter and consequently have larger 
values of a, e.g. in the range 1.5 to 2.5. 
As the aerosols age the size distribution 
becomes larger, typically in the range of 
0.1 to 1.0 wm, by coagulation and condensa
tional growth processes. The value of a 
tends to decrease as the aging continues 
and values in the range 0.5 to 1.5 are 
common. Mechanically generated aerosols 
are generally larger than 1 or 2 ~m; these 
particles have essentially neutral optical 
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FIGURE 3.4. Comparison of Turbidities Derived from Observations 
Using the ACR and Sun-Photometer. 
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FIGURE 3.5. Turbidities at Hanford Meteorological Station During 1977 and 1978. 
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properties; i.e., a ~ O. Certain well-aged 
aerosols, which are nearly monodispersed, 
may have a wavelength exponent of a < O. 

An example of changes in the turbidity 
wavelength dependence during a 2-wk period 
in August 1977 is shown in Figure 3.6. A 
hot, stagnant air mass covered eastern 
Washington for most of this period. Smoke 
accumulated in this air mass and accounted 
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for much of the turbidity increase. The 
values of a changed from 0.9 to 1.5 at the 
beginning of this period to 1.6 to 1.9 at 
the time of highest turbidities. With 
passage of a cold front on 23 August, the 
turbidities associated with the clean, cool 
air mass dropped dramatically and a returned 
to a value of ~1.4. Blowing dust occurred 
during part of the day on 4 August; in this 
case, the value of a was near 0.35. 
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FIGURE 3.6. Changes in the Turbidity Wavelength Dependence During a Two-Week Period in August, 1977 

The vertical distribution of the aerosol 
has an important effect on the magnitude of 
the redistribution of solar radiation. To 
examine this effect, nearly simultaneous 
turbidity and insolation observations at 
both HMS and RSO were made on several 
occasions. The results of some of these 
observations obtained with the same sun
photometer are compared in Figure 3.7. 
Additional comparisons obtained with the 
sunphotometer and ACR are shown in 
Figure 3.5. For very clean, clear days 
differences between RSO and HMS are very 
slight, while for hazy days the difference 
can be quite large, depending upon the 
depth of the mixed layer. Daily total 
insolation differences between RSO and HMS 
are of the order of only a few percentages 
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for clean, clear days (mostly because of 
differences in molecular scattering between 
those two elevations), whereas differences 
of 10 to 20% occur for the hazy days. 
Insolation differences at HMS from day to 
day appear to be related to aerosol optical 
depth (turbidity) at A 600 nm by the 
approximate relation 

Q = Qmax • exp (-a T) (1) 

where Qmax is the maximum probably daily 
insolation, and a is a constant that has a 
value between 1 and 2.5 for cloud-free 
days. 

In summary, the experiment showed that 
turbidity differences between RSO and HMS 



can produce significant insolation differ
ences between these two stations. It is 
important, however, to have independent 
methods of measuring turbidity and diffuse 
radiation in order to interpret the inso-
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lation measurements properly, expecially 
spectral diffuse-to-direct relationships. 
Future studies should incorporate radiative 
transfer modeling calculations to examine 
these relationships on a theoretical bases. 
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FIGURE 3.7. Results of Turbidity and Insolation Observations 
at Hanford Meteorological Station and Rattlesnake Observatory 

DEVELOPMENT OF A DUAL-TRACER REAL-TIME PARTICLE 
DRY-DEPOSITION MEASUREMENT TECHNIQUE FOR SIMPLE 

AND COMPLEX TERRAIN 

G. A. Sehmel, W. H. Hodgson and J. A. Campbell 

Detectors are being developed and tested for measuring the airborne concentrations of 

lithium particles and SF 6 gas in real time. The airborne lithium detector sill be used for 

real-time measurements of both particle dry-deposition velocities and resuspension rates. 

Both the lithium and SF 6 detectors will be used for measuring dry deposition in field experi

ments. 
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