
AIRBORNE PLUTONIUM AND AMERICIUM CONCENTRATIONS 

MEASURED FRO~l THE TOP OF RATTLESNAKE MOUNTAIN 

G. A. Sehmel 

Airborne plutonium-239+240 and americium-241 blowing from offsite was measured in an 
initial experiment at the top of Rattlesnake Mountain. Average airborne concentration 

measured was similar to fallout concentrations. Airborne plutonium concentrations were 

independent of wind speed for seven wind speed increments between 0.5 and 31 m/sec. In 

contrast, the airborne americium concentration was a minimum at a wind speed of approxi
mately 7 m/sec. Similarly, the airborne solids concentration in jJg/m 3 was a minimum at 

an intermediate wind speed increment of 7 to 11 m/sec. 

Radionuclide fallout throughout the 
world is doubtless resuspended continuously 
by wind and mechanical stresses. To deter
mine airborne concentrations from this 
resuspension, a field experiment was con
ducted to determine airborne plutonium and 
americium concentrations as a function of 
wind speed and direction. Sampling was 
conducted at the top of Rattlesnake 
Mountain, which is the western boundary of 
the Hanford exclusion site and the highest 
mountain within the local area. The eleva
tion of the sampling site is 1075 m, which 
is approximately 875 m above the 200-Area 
plateau (200-m elevation) of the Hanford 
site. The sampling site is approximately 
17 km west of the Hanford 200-West Area 
and is approximately 36 km from Richland. 

Measurement of airborne radionuclides at 
this sampling site could give insight into 
both wind resuspension and the possible 
delivery rate of stratospheric debris as a 
function of wind speed. Although both 
mechanisms could be delivering airborne 
radionuclides to the sampling location, 
samples were not fingerprinted to identify 
the source age. 

Airborne solids were collected with a 
commercial air sampling system,(a) consist
ing of a cyclone preseparator followed by a 
standard 20- x 25-cm high-volume fiberglass 
filter. At operating conditions of 
1.1 m3/min (40 cfm) through the sampling 
system, the manufacturer's specifications 
indicate a 6-jJm cutoff for the cyclone 
preseparator. Thus, particles collected on 
the 20- x 25-cm filter should be principally 
in the respirable size range. 

The experimental sampling array consisted 
of seven individual sampling systems, each 
of which consisted of a cyclone preseparator 

and 20- x 25-cm filter. The seven systems 
were automatically operated for only wind 
directions from 205 to 275°. Individual 
sampling systems were operated for seven 
different wind speed increments: 0.5 to 3, 
3 to 5, 5 to 7, 7 to 11, 11 to 15, 15 to 
17.5, and 17.5 to 31 m/sec, respectively. 
Wind speed and direction were measured at 
an elevation of 2.1 m. 

The inlets to the cyclone preseparators 
were at a breathing height of 1.7 m. The 
as-received systems were further modified 
by the addition of a cyclone inlet closure. 
The closure covered the inlet until the 
automatic control signal from the wind 
speed and direction controller activated a 
selected sampling system. After sample 
collection, the net weight of solids col
lected on the filters was determined. 
Subsequently, plutonium-239 (i.e., 239+240) 
and americium-241 analyses ~ere performed 
by a commercial laboratory. (b) 

Airborne plutonium and americium concen
trations in jJCi/cm3 of air and jJCi/g of 
airborne solids were determined. For these 
data shown in Figure 2.1, the vertical 
lines show one sigma limits corresponding 
to the radiochemical counting statistics. 
The range of each wind speed increment is 
shown by a horizontal line through each 
data point. The dashed lines show the 
estimated data trends. 

The plutonium results are shown on the 
left side of the figure. The average air
borne concentration was 5 x 10- 17 jJCi/cm 3 . 
This average concentration is 0.0008 of the 
MPC 168 hr of 6 x 10- 14 jJCi/cm 3 (ERDA 1977). 
The confidence limits around each data 
point are larger for the two wind speed 
increments above 15 m/sec. Sample collec
tion was low for these two samples, since 

(a) Model 230CP cyclone preseparator, Sierra Instrument Co., Carmel Valley, California. 
(b) LFE Environmental Analysis Laboratory, 230 Wright Ave., Richmond, California 94804. 
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FIGURE 2.1. Airborne 239+240PU and 241Am Concentrations in Air and on Airborne Solids Collected 
at the Top of Rattlesnake Mountain from May 22 to June 22, 1978 when Sampling 205 to 275 0 Winds 
Coming from Offsite. 

there was relatively little time with wind 
speeds above 15 m/sec_ 

The plutonium-239 concentrations in wCi/g 
on the airborne solids are shown at the 
bottom of the figure. Plutonium-239 concen
trations ranged from 3 x 10- 7 up to 
1.8 X 10- 6 wCi/g. Plutonium-239 concentra
tions were a function of wind speed. A 
maximum concentration of 1.8 x 10- 6 wCi/g 
occurred at an intermediate wind speed 
increment of 7 to 11 m/sec. The reason for 
this maximum is unknown. However, one 
might postulate that the relative resuspen
sion availability of plutonium on surface 
soils as compared to the availability of 
uncontaminated soil increases as wind speed 
increases from 0.5 up to approximately 
9 m/sec. For higher wind speeds, the 
relative resuspension availability of 
uncontaminated surface soils must increase 
as compared to the availability of plutonium 
on surface soils. 
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The data for airborne americium-241 
are shown on the right side of Figure 2.1. 
Airborne americium-241 concentrations 
ranged from about 6 x 10- 18 to 
5 X 10- 16 wCi/cm 3 • An unexpected result 
was that airborne concentrations at 7 m/sec 
were about one-eighth of the concentration 
at 1.75 m/sec (0.5 to 3 m/sec increment). 
A minimum airborne americium-241 concentra
tion occurred around 7 m/sec wind speed. 
For higher wind speeds, airborne 
americium-241 concentrations increased (as 
drawn) with the 4.6 power of wind speed. 

Airborne americium-241 concentrations 
were a function of wind speed; airborne 
plutonium-239 concentrations showed no 
relationship with wind speed. These 
differences suggest that either source 
characteristics or transport mechanisms may 
be significantly different for plutonium 
and americium. These possibilities are 
also indicated by comparing radionuclide 



concentrations in ~Ci/g on airborne solids. 
As the lower right section of Figure 2.1 
shows, americium-241 concentrations tended 
to increase with increasing wind speed. 
Only the 11 to 15 mlsec wind speed increment 
shows a significant deviation from this 
increase. In contrast, as the lower left 
section of Figure 2.1 shows, plutonium-239 
content per gram was maximum at a wind 
speed of about 9 m/sec. 

There seems to be some relationship 
between the airborne solids concentrations 
and the americium-241/plutonium-239 ratio. 
Airborne solids concentrations in ~g/m3 and 
the americium-to-plutonium activity ratio 
are shown in Figure 2.2. For both data 
sets, a minimum occurs at a wind speed of 
about 9 m/sec. Airborne solids concentra
tion ranged from about 18 up to 180 ~g/m3. 
The airborne solids concentration was 
nearly identical for the lowest wind speed 
increment of 0.5 to 3 mlsec and highest 
wind speed increment of 17.5 to 31 m/sec. 
However, the minimum concentration of 
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18 ~g/m3 occurred for the 7 to 11 mlsec 
intermediate wind speed increment. 

These airborne solids concentration 
measurements at seven wind speed increments 
are an extension of our previous measurements 
at three wind speed increments. Previously, 
the 3 to 5 mlsec increment was the lowest 
wind speed for which data were collected. 
For those experiments, airborne solids 
concentrations increased for the high wind 
speeds. For the present data, a wind speed 
increment from 0.5 to 3 mlsec was also 
measured. It is this lower increment that 
is showing an increased airborne solids 
concentration and, thus, is defining the 
existence of a minimum at higher wind 
speeds. 

Since the plutonium and amerlClum air
borne concentrations show different trends 
as a function of wind speed, the ratio of 
airborne and americium-to-plutonium radio
nuclide concentrations is shown on the 
lower portion of Figure 2.2. The ratio 

WIND SPEED, mIse<: 

FIGURE 2.2. Airborne Solids Concentration and 24' Am/239Pu Radionuclide Ratio for Airborne Solids 
Collected at the Top of Rattlesnake Mountain from May 22 to June 22, 1978 when Sampling 205 to 275 0 

Winds Coming from Offsite. 

2.6 



ranges from 0.1 to 1.8. The calculated 
one-sigma counting-statistics limits for 
these ratios are very large (Kernpthorne and 
Allmaraz 1965). Nevertheless, there may be 
a minimum ratio in the wind speed range of 
5 to 15 m/sec. Thus a minimum occurs at 
an intermediate wind speed for both airborne 
solids concentrations and the americium-241/ 
plutonium-239 ratio. The underlying causes 
and reproducibility of these minima are 
still under study. 

This experiment is being repeated with 
the experimental inclusion of airborne 
particle size discrimination. The sampling 
system now consists of the cyclone presepara
tor as well as a particle cascade impactor 
in front of the 20 x 25-cm filter. This 
second experiment was begun in July 1978 
and is still operating. 

PLUTONIUM RESUSPENSION 

G. A. Sehmel 

A second experiment near the Prosser barricade in the Hanford area confirmed that airborne 
plutonium was being blown in from offsite by southwesterly winds. 

Plutonium resuspension could occur as a 
result of resuspension from accumulated sur
face sources arising from fallout deposition 
from areas offsite of Department of Energy 
(DOE) facilities. To determine this fallout 
resuspension, field experiments were con
ducted near the Prosser barricade of the 
Hanford area about 19 to 20 km southeast 
(130° to 160°) of the fuel-processing areas. 

Previously, airborne plutonium-239 con
centrations were measured (Sehmel 1977 and 
1978) near the Prosser barricade during 
April 21 to June 29, 1976, when southwest 
winds blew from offsite between 190° and 
260°. Airborne plutonium was sampled with 
particle cascade impactors, which collect 
respirable particles, and rotating cowl 
collectors, which collect nonrespirable 
particles by gravity settling (Sehmel 
1978c). Airborne plutonium-239+240 con
centrations, ~Ci/cm3, on respirable parti
cles and airborne plutonium-239+240 fluxes 
in ~Ci (m2 day) on nonrespirable particles 
were reported. 

Airborne plutonium-239+240 concentration 
ranged from about 10- 18 to 10- 16 ~Ci/cm3. 
The plutonium was collected on all particle 
cascade impactor stages. Data were reported 
for collection on the 3 plus 7 ~m impactor 
stages, 1 plus 2 ~m impactor stages, and 
the backup filter. Airborne 
plutonium-239+240 concentrations increased 
as powers of wind speed: ~l.l to ~9.3. 

The concentration of plutonium-239+24G 
per gram of airborne soil was also deter
mined. For respirable particles, 

plutonium-239+240 concentrations ranged 
from 1.3 x 10-7 to 1.0 X 10- 6 ~Ci/g with an 
average of 4.0 x 10- 7 ~Ci/g of airborne 
solids. For nonrespirable particles, the 
plutonium-239+240 concentration ranged from 
1.3 x 10-7 to 2.1 X 10- 7 ~Ci/g. 

EXPERIMENT 

The sampling experiment was repeated 
from August 12, 1976 to January 11, 1977, 
to confirm this initial experiment. Air
borne solids were collected within particle 
cascade impactors located at heights of 0.3, 
2.0 and 5.8 m above ground. The air was 
sampled only if the wind was blowing from 
offsite towards the Hanford area from 190° 
to 260°. Respirable particles were sampled 
with particle cascade impactors for wind 
speed increments from 3 to 5, 5 to 7, and 
7 to 11 m/sec measured at a height of 1.5 m. 
Since the cowl inlet was always open, all 
southwest winds were continuously sampled 
for nonrespirable particles with the rotat
ing cowl, inertial, collection system. 

Samples were weighed after collection, 
and subsequently selected samples were 
combined for plutonium analysis in order to 
increase the radiochemical sensitivity. 
Plutonium analyses were performed by a com
mercial lab(a) by total dissolution electro
deposition and alpha spectroscopy. 

RESULTS 

Airborne plutonium concentrations in 
~Ci/cm3 as well as airborne solid concentra
tions are shown in Figure 2.3. Data are 

(a) LFE Environmental Analysis Laboratory, 230 Wright Avenue, Richmond, California 94804. 
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