
squares fit of the data indicates resuspen
sion rates increased with wind speed raised 
to the 3.4 power. 

Six-Micrometer Tracer Source. For the 
6-~m tracer source, resuspension rates are 
shown in Figure 8 for wind speed increments 
of 3 to 5, 5 to 7, and 7 to 11 m/sec. Re
suspension rates were calculated from the 
entire particle cascade impactor collection 
and also as a function of the collection 
site within the cascade particle impactor. 

Resuspension rates increased with wind 
speed raised to the 3.5 to 13.8 power. For 
the time period shown, resuspension rates 
were decreasing with time. 

Conclusions 

Wind-caused resuspension rates are shown 
for two study sites. For one site, resus
pension rates tended to remain constant with 
time. At the second site, resuspension 
rates were decreasing with increasing time. 
Since these experiments are continuing, long
term changes in these resuspension rates 
will be determined. Long-term resuspension 
effects a re needed for envi ronmenta 1 assess
ments of surface-contaminated areas. Pre
viously, some credit could have been given 
for decreased resuspension with time. This 
potential credit is now questionable in 
light of the resuspension results shown here, 
and thus, assessment studies must also con
sider the data presented here. 

Although nominal submicrometer and 6-~m 
tracer particles were sprayed as resuspen
sion sources, each source would have a 
tracer particle size distribution. This dis
tribution is reflected in calculated resus
pension rates for each stage of the cascade 
impactor. Each resuspension rate was calcu
lated based on the total source concentra
tion rather than the source concentration 
as a function of the tracer particle size 
distribution after deposition and weathering. 
Still to be determined is an initial experi
mental relationship between the tracer size 
distribution on the ground versus the tracer 
size distribution as resuspended on host 
particles. Once these relationships and 
measurement techniques between airborne 
versus ground contamination per gram of each 
soil size are established, possibly an im
proved basis rather than total contaminant 
level will be available to help establish 
permissible surface contamination levels. 

107 

Reference 

Sehmel, G. A. 1973. "An Evaluation of a 
High-Volume Cascade Particle Impactor Sys
tem." In Proc. of the Second Joint Confer
ence on Sensing of Environmental Pollutants. 
Instrument Soc. of Amer., Washington, DC, 
December 10-12, 1973, pp. 109-115. 

Airborne Plutonium Transported During South
westerly Winds Near the Hanford Prosser Bar
ricade(a) 

G. A. Sehmel 

Introduction 

Airborne plutonium could result from re
suspension of nuclear-weapons-testing strat
ospheric fallout deposition. To determine 
this possible resuspension at the Hanford 
site, two field exper"iments between April 12 
to June 29, 1976 and August 12, 1976 to Jan
uary 11, 1977 were conducted near the Pros
ser Barricade in the Hanford area (see Fig
ure 9) about 19 to 22 km southeast (140° to 
1600 )(b) of the fuel-processing areas. The 
primary objective of these experiments was 
to determ"ine if stratospheric fallout resus
pension was reflected by airborne plutonium 
concentrations increasing with increasing 
wind speed. 

A secondary objective was to confirm the 
source of the airborne plutonium by deter
mining the plutonium-240 isotopic content or 
the plutonium-240/plutonium-239 mass ratio. 
Stratospheric fallout can be identified by 
the ratio of 240pU to other plutonium iso
topes in surface soils. Worldwide fallout 
(Krey et al. 1976) 240pU/ 239 pU mass ratios 
average 0.18 ± 0.01. These results are 
given with one standard deviation precision. 
Some variation in the fallout 240pU/ 239 pu 
mass ratios is shown for data obtained in 
Washinqton state. At Puyall up, Washington, 
the 240pu/ 239 pU mass ratio in January 1971 
was 0.182 ± 0.004. The 240pU and 239pU iso
topic contents were 13.82 ± 0.05 and 84.45 ± 
0.05, atom percent, respectively, for a for
est fire smoke plume sampled near Mt. St. 
Helens, Washington (Sehmel and Orgill 1978) 

(a) PNL-SA-7839, presented at the American 
Nuclear Society National ~1eeting, Novem
ber 11 to 16, 1979, San Francisco, CA. 

(b) North is 0°; angles .are measured clock
wi se from 0°. 



FIGURE 9. Sampling Locations on Hanford Site 

on June 9, 1975. The 240pU/ 239 pu mass ratio 
was thus 0.16. Sampling was also conducted 
during June 30 to November 17, 1978 (Sehmel 
1979a) near the top of Rattlesnake Mountain , 
which is the western boundary of the Hanford 
area and the highest mountain within the lo
cal area. The elevation of the sampling 
site was 1075 m, which was approximately 
875 m above the 200 Area plateau (200-m ele
vation) of the Hanford site. The Rattle
snake Mountain sampling site is approxi
mately 17 km south of the Hanford 200 fuel 
processing areas, and 12 km from the Prosser 
Barricade. At this site, samples were col
lected as a function of wind speed and wind 
direction between 205° and 275° . For seven 
samples collected within particle cascade 
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impactors{a) durin~ June 30 to November 17, 
1978, the 240pu/ 23 Pu ratios ranged from 
0.152 ± 0.010 to 0.229 ± 0.024. For all par
ticles collected in the seven cyclone pre
separators, the mass ratio was 0.102 ± 0.008. 
In comparison to fallout, Hanford production
~ rade plutonium (ERDA 1977) has an average 

40 pU composition of 6.3 atom percent and an 
average 240 pU/ 239 pU mass ratio of 0.067. 

Experiment 

Airborne particles transported during 
southwesterly winds were sampled with 

(a) Model 230CP cyclone preseparator, Sierra 
Instrument Co., Carmel Valley, CA . 



particle cascade impactor systems (Sehmel 
1978) shown in Figure 10. The particle cas
cade impactor(a) for sampling respirable 
particles was attached to a rotating cowl, 
allowing simultaneous sampling of larger 
nonrespirable particles. Particles entering 
the 15-cm-dia cylindrical sampler inlet of 
the cowl either settled on the cowl floor 
or were drawn up into the impactor. In this 
report, particles settling within the cowl 
are called "large" cowl-collected particles. 
The sum of all particles collected on the 
cascade impactor collection surfaces plus 
backup filter are called "small" particles. 
"Small" particles entering the particle cas
cade impactor were separated into nominal 
aerodynamic diameter ranges of 7, 3.3, 2.0 
and 1.1 vm, which are impactor stage 50% cut
off diameters for unit-density spheres. Re
maining airborne particles were collected on 

(a) Model 65-100 High-Volume Sampler Head, 
Anderson 2000, Inc., Atlanta, GA. 

I 
SYSTEM 
SUPPORT 

ARM 

WIND 

/"-------r---i--J.--
CYLI NDR I CAL 
SAMPLE INLET 

CYLINDRICAL 
COWL BODY 

an impactor backup filter which was attached 
to the high-volume samplers. Unless stated 
separately, plutonium collected on the 
backup filter is included in the cascade im
pactor small particle sample. Some nonre
spirable versus respirable particle size 
classification occurs in this sampling sys
tem since nonrespirable particles tend to be 
removed by gravity settling within the cowl. 
Particles that pass through the cowl and are 
collected on the last three cascade impactor 
fiberglass impaction stages and on the 
backup filter are often called respirable. 

The high-volume sampler was activated 
only if the wind at a height of 1.5 m was 
blowing from off-site towards the Hanford 
area from 190 0 to 260 0 • Small part i c 1 es 
were sampled within particle cascade impac
tors 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. In addition, since the 
cowl inlet was always open, all southwest 

! 
) HIGH VOLUME SAMPLER 

WIND ORIENTATION I TAILFIN 
WIND 
DIRECTION 
SENSITIVE 
ROTATI NG 
COWL 

FICURE 10. Sampling Systems: A Wind Direction-Oriented Cowl for Collecting 
"Large" Particles by Gravity Settling and a Particle Cascade Impactor for 
Collecting the Remaining Particles Called "Small" in this Article 
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winds were continuously sampled for large 
particles within the particle inertial col
lection sampling cowl. Small particles also 
entered the inlet, but the collection was 
minimal within the cowl because their grav
ity settling velocity is low. 

Airborne solids were collected during 
April 12 to June 29, 1976 and August 12, 
1976 to January 11, 1977 within cowl par
ticle cascade impactor systems located at 
heights of 0.3, 2.0 and 5.8 m above ground. 

After collected samples were equilibrated 
with low humidity air and weighed, selected 
samples were combined for plutonium analysis 
in order to increase the radiochemical sen
sitivity. Plutoniu~l ~nalyses were performed 
by a commercial lab\a} using total dissolu
tion followed by electrodeposition onto a 
platinum disc for alpha spectroscopy. After 
the plutonium content was determined, the 
platinum discs were returned to Pacific 
Northwest Laboratory for analysis of the 
plutonium isotopic content. Selected sam
ples of both airborne small and large parti
cles were analyzed for the plutonium iso
topic content. 

Subsequently to investigating transport 
during southwesterly winds, further informa
tion on the isotopic conposition of airborne 
plutonium was obtained at a Horn Rapids sam
pling site which is 1.4 km south (176°) of 
the Prosser Barricade. During May 11 to 
July 2, 1979, airborne solids were collected 
continuously for all wind directions at the 
Horn Rapids as well as the Rattlesnake Moun
tain site. Massive (Mitchell, Henry and 
Henderson 1978) volume air samplers were 
operated at a flow rate of 11 m3/min. These 
samplers have two cascade impactor stages 
followed by an electrostatic precipitator. 
The first impactor stage was coated with sil
icone grease to minimize particle bounce
through. The calculated 50% cut-off diame
ter of the second impactor stage was 2.1 ~m. 
Particles collected on the electrostatic pre
cipitator plates were removed and analyzed 
at the Pacific Northwest Laboratory (PNL) 
for plutonium isotopic composition. 

Results 

Results from three experimental time per
iods are discussed. Plutonium transport dur
ing southwesterly winds was measured at the 
Prosser Barricade site for two time periods 
in 1976 to 1977. In 1979, plutonium trans-

(a) LFE Environmental Analysis Laboratory, 
230 Wright Avenue, Richmond, CA. 
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port during all wind directions was measured 
at the Horn Rapids site. 

In the first experiment, airborne 
239-240pU concentrations were measured 
(Sehmel 1978; Sehmel 1977) near the Prosser 
Barricade during April 12 to June 29, 1976. 
For this experiment, 239-240pU isotopic anal
yses were made for only large particle sam
ples. The sampling experiment was repeated 
(Sehmel 1979b) from August 12, 1976 to Jan
uary 11, 1977 to confirm results from this 
initial experiment. Results will be discus
sed for both time periods; however, the 
second experiment will be discussed in more 
detail since 239-240pU isotopic analyses 
were made for both small and large particle 
samples. 

Agril 12 to June 29, 1976. Airborne 
23940pU concentrations, ~Ci/cm3, on small 
particles, and airborne 239-240pU fluxes in 
~Ci/(m2 day), on large particles were deter
mined (see Figure 11 and Table 2). Data are 
shown in Figure 11 for plutonium collection 
on the 3 plus 7 ~m 50% cut-off impactor 
stages, 1 plus 2 ~m 50% cut-off impactor 
stages, and the backup filter. The range of 
each wind speed "increment is shown by a hori
zonta 1 l"i ne through each data poi nt. The 
vertical lines show the one sigma limits, 
corresponding to the radiochemical counting 
statistics. Also shown are lines, calcu
lated by least squares, through the data 
points. The wind speed dependency is shown 
as an exponent on the wind speed velocity, 
(U), measured at the 1.5-m height. Airborne 
239-240pU concentrations ranged from about 
10- 18 to 10- 16 ~Ci/m3. Airborne 239-240pu 
concentrations increased as powers of wind 
speed, (U):UO.8 to 7.8. 

The concentration of 239-240pU per gram 
of airborne solids was also determined. For 
small particles, 239-240pU concentrations 
ranged from 6.0 x 10-8 to 1.7 X 10-6 ~Ci/g 
with an average of 4.0 x 10- 7 ~Ci/g of air
borne solids. For large particles, the 
239-240pU concentrations ranged from 
1.3 x 10- 7 to 2.1 X 10- 7 ~Ci/g. 

In addition, the isotopic plutonium compo
sitions on large cowl-collected particles 
were determined. The 240pU isotopic composi
tion in atom percent was 6.10 ± 0.02 at a 
0.3-m sampling height; 6.31 ± 0.02 at 2 m; 
and 6.28 ± 0.03 at 5.8 m while the 240pU/ 
239pu mass ratios were 0.065, 0.068 and 
0.067, respectively. 

August 12, 1976 to January 11, 1977. Air
borne plutonium concentrations, ~Ci/cm3, and 
concentrations of total airborne solid 
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FIGURE 11. Airborne Plutonium -239, -240 Concentrations near the Prosser Barricade at Hanford from April 12 
to June 29, 1976 when Sampling with 1900 to 2600 Winds Measured at the l.5-m Height 

particles, Vg/m3, are shown in Figure 12. 
Data are shown separately for each sampling 
height of 0.3, 2.0 and 5.8 m. Airborne con
centrations ranged from 4 x 10- 18 up to a 
maximum of 2 x 10- 16 vCi/cm3. This maximum 
concentration is 0.3% of the 168-hr maximum 
permissible concentration guidance level 
(ERDA 1977; Code of Federal Regulations) of 
6 x 10- 14 vCi/cm3. 

At the lowest sampling height of 0.3 m, 
the airborne 239-240pU concentrations were 
nearly constant at about 5 x 10- 17 vCi/m3 

for all wind speeds. Although the plutonium 
concentration remained constant, the bottom 
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portion of the figure shows that the air
borne dust loading increased with the 
2.1 power of wind speed. 

In contrast to concentrations at the 
0.3-m height, plutonium concentrations at 
the 2-m and 5.8-m heights increased with in
creasing wind speed. Airborne concentra
tions for the 2-m sampling height are shown 
in the central section of the figure. Air
borne plutonium concentrations were 
4.6 x 10- 18 vCi/cm3 for the 3- to 5-m/sec 
wind speed increment. At this lowest wind 
speed increment, the airborne plutonium con
centration at the 2-m height was one order 



TABLE 2. Plutonium-239, -240 Transport on Large Particles 
During Southwesterly Winds near the Prosser Barricade on the 
Hanford Project from April 12, 1976 to June 29, 1976 

Pu on Airborne 
Sampling Solids 
Height, m dpm/g uCi/g 

0.3 0.29 1.3 x 10-7 
2 0.46 2.1 x 10-7 

5.8 0.32 1.5x10-7 

of magnitude 1 ess than the pl utoni um concen
tration at the lower height of 0.3 m for all 
wind speeds. As a possible explanation of 
the data, a decrease in airborne plutonium 
concentration with height would be expected 
for a local resuspension source. 

In contrast, for the highest wind speed 
increment of 7 to 11 m/sec, the airborne 
plutonium concentration at the 2-m sampling 
height is about four times greater than that 
at the 0.3-m height. This increased air
borne plutonium concentration with height at 
high winds resuspension results are domi
nated by some upwind source(s). 

At the 2-m sampling height, airborne plu
tonium concentrations increased with the 
4.8 power of wind speed, while the airborne 
solids concentration increased with the 
3.0 power of wind speed. For the highest 
point sampled (5.8 m), both the airborne 
plutonium and airborne solids concentrations 
increased with the wind speed to the 2.7 to 
2.8 power. 

Airborne plutonium concentrations, ~Ci/g, 
of airborne material and the isotopic 240pU 
concentration were also determined. In Fig
ure 13, both the 239-240pU ~Ci/g and the 
atom percent of 240pU are shown at each sam
pling height as a function of wind speed. 
For the lowest sampling elevation level of 
0.3 m, the plutonium concentration, ~Ci/g, 
on airborne soil decreased with speed to the 
negative 2.3 power. The underlying cause of 
this concentration decrease with increasing 
wind speed is unknown. A possible explana
tion for this concentration decrease could 
include either locally uncontaminated soil 
being resuspended at higher wind speeds or 
uncontaminated soils being transported from 
upwind. In contrast, at a sampling height 
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Airborne Pu Large Particle 
Flux, uCi/(m2 day) 

Only for 190 0 

to 2600 Winds For Total 
3t011m/sec Field Time 

3.9 X 10-6 6.0 X 10-7 

4.0 X 10-6 8.3 X 10-7 

1.4 x 10-6 2.8 X 10-7 

of 2.0 m, the plutonium concentration on the 
airborne soil increased with the 1.8 power 
of wind speed. This relationship might be 
explained by a resuspension process propor
tional to U3 and a subsequent airborne plume 
dilution proportional to U-l. Thus, the ex
ponent 2 is nearly equal to the experimental 
exponent of 1. 8. 

A third ~Ci/g concentration pattern is 
shown by the data from the highest sampling 
level of 5.8 m. For this height, the concen
tration was nearly constant for the lowest 
and highest wind speed increments with a max
imum concentration occurring at the middle 
wind speed increment. The reason for this 
maximum is unknown. However, a maximum 
might have also occurred for the intermedi
ate wind speed at the 2.0-m height. 

The 240pU isotopic content in atom per
cent was determined for each of five samples 
collected within cascade impactors including 
the backup filter. As shown in the lower 
portion of Figure 13, the 240pU atom percent 
ranged from 5.6 to 8.1. The one sigma 
limits for the atom percents are shown by 
the vertical bars. However, for two samples, 
the bars are within the drawn data symbol. 
For these samples, the 240pu/ 239 pu mass 
ratio ranged from 0.060 to 0.089. 

For large cowl-collected particles, 
239-240pU concentrations in ~Ci/g and fluxes 
in ~Ci/(m2 day) are shown in Table 3. The 
plutonium concentration per gram associated 
with these large particles was less than 
that associated with small particles. The 
240pU atom percent ranged from 5.6 to 
8.1 for small particles; for large particles 
the percentage was similar, 6.6 to 6.8. The 
240pU atom percent at the 2-m height was 
6.8 ± 0.1 and at the 5.8-m height was 
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FIGURE 12. Airborne Plutonium ·239, -240 Concentrations and Soil Loadings 
for Total Samples Collected Within Particle Cascade Impactors and Backup 
Filters near the Prosser Barricade at Hanford from August 12, 1976 to 
January 11. 1977 when Sampling with 1900 to 2600 Winds Measured at the 
1.S-m Height 

6.6 ± 0.1. The 240pu/239 pu mass ratios were 
0.074 and 0.071, respectively. 

The relative plutonium transport on large 
cowl collected versus small particles was 
not directly measured, since the cowl inlet 
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was open and large particles could be trap
ped within the cowl at all winds between 
1900 to 260°. The direct measurement would 
have required closure of the cowl inlet dur
ing the nonsampling periods. Nevertheless, 
an estimate was made for the relative 
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1900 to 2600 Winds Measured at the 1.S-m Height 

plutonium transport on small and large parti
cles. The calculations assume that the air 
velocity was uniform for all sampling 
heights, that anisokinetic sampling correc
tions for small particles be negligible and 
that large particles be collected only be
tween 3 to 11 m/sec winds for wind direc
tions between 190° and 260°. A constant 
wind speed with height was assumed only as 
an approximation of changes with height 
which occur at different atmospheric 
stabilities. 
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To make a relative comparison of the 
fluxes on small and large particles, the 
average small particle concentration was 
multiplied by the average wind speed, 
4.6 m/sec, to get the average flux of small 
particles. The average flux of small parti
cles and the flux of large particles were 
then compared to determine the percentage of 
plutonium transported on small particles. 
These calculations suggest that from 96 to 
99% of the plutonium was transported on 
sma 11 pa rt i c 1 es . 



TABLE 3. Plutonium-239, -240 Transport on Large Particles 
During Southwesterly Winds near the Prosser Barricade on the 
Hanford Project from August 12, 1976 to June 11, 1977 

Airborne Pu Large Particle 
Flux, uCi/(m2 day) 

Pu on Airborne Only for 1900 

Sampling 
Height, m 

Solids to 260 0 Winds For Total 
dpm/g )JCi/g 3 to 11 m/sec Field Time 

0.1 
2 
5.8 

0.22 1.0 x 10-7 1.56 X 10-7 1.30x 10-8 

1.57x 10-8 

2.82 x 10-8 

0.23 1.1 x 10- 7 1.89 X 10-7 

0.39 1.8 x 10-7 3.38 X 10-7 

Airborne plutonium fluxes, wCi/(m2 day), 
for these large particles were calculated 
for two time periods. Horizontal flux cal
culations were made both for the total time 
that winds were simultaneously between 3 and 
11 m/sec and with wind direction between 
190 0 and 260° and also for the total t'ime 
that cowl air samplers were in the field. 
When the shorter period (3 to 11 m/sec and 
190° to 260° winds) was used, horizontal plu
tonium fluxes ranging from 1.6 x 10- 7 to 
3.3 X 10- 7 to 10- 7 wCi/(m2 day) were 
calculated. 

Analysis 

Plutonium-239, -240 was transported dur
ing southwesterly winds on both small and 
large particles, i.e., including transport 
on both respirable and nonrespirable parti
cles. Although maximum airborne concentra
tions were far below the 168-hr maximum per
missible concentration guidance (ERDA 1977; 
Code of Federal Regulations) levels (0.3%), 
possible sources of this airborne plutonium 
are of interest. In considering possible 
sources, both 240pu isotopic ratios and me
teorological airflow patterns will be 
considered. 

Plutonium-240. Plutonium-240 isotopic 
content and 240lPU/ 239 pU mass ratios can be 
used to "fingerprint" the plutonium source 
as being principally from nuclear weapons 
testing stratospheric fallout or from 
production-grade plutonium. The worldwide 
fallout level for the 239pu/ 240 PU mass ratio 
is 0.18 ± 0.01. An average production grade 
(ERDA 1977) 240pU atom percent is 6.3. For 
the Prosser Barricade samples, the maximum 
observed 240pU concentration is 8.1 atom 
percent (see Table 4 for a summary of 240pU 
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atom percents and Table 5 for a summary of 
240pU/ 239 pU mass ratios). The 240PU/ 239 pU 
mass ratios from 0.060 to 0.089 are about 
one-half that of 0.18 for worldwide fallout. 

These percentages will be used to esti
mate the fraction of fallout, FO, in the 
Prosser Barricade sample. The maximum fall
out fraction is calculated form the maximum 
observed 240pU atom percent of 8.1 at the 
Prosser Barricade and the fallout of 13.8 at 
Mt. St. Helens, Washington: 

(13.8) (FO) + (6.3) (1 - FO) = 8.1. 

The estimated fraction of fallout in the 
Prosser Barricade 8.1 atom percent plutonium-
240 sample is 0.24. Similarly, the esti
mated fraction of fallout in this sample is 
also 0.24 when using the 240pU/ 239 pU mass 
ratio of 0.182 at Puyallup, Washington, an 
assumed 239-240pU isotopic content of 90%, 
and a calculated 240pU isotopic composition 
of 13.9 atom percent. For the other Prosser 
Barricade samples with 240pU atom percentages 
less than 8.1, the estimated fallout contri
bution to the total observed plutonium is 
even less than 0.24. 

Entirely different results were obtained 
from the Horn Rapids airborne sample. The 
240pU and 239pU isotopic composition were 
17.3 ± 0.1 and 81.3 ± 0.1 atom percent, re
spectively. The 240pU/ 239 pU mass ratio was 
0.213 ± 0.002. These data are similar to 
fallout. Fallout was simultaneously meas
ured at Rattlesnake Mountain where the 240pU 
and 239pU isotopic compositions were 
14.43 ± 0.08 and 83.35 ± 0.09 atom percent, 
respectively. The 240pu/ 239 pU mass ratio 
was 0.173 ± 0.001. 



TABLE 4. Prosser Barricade Plutonium-240 Isotopic Content Summary 

Sampling 
Height, m 

0.3 

2.0 

5.8 

Wind Speed 
Sampling 

Increment, 
m/sec 

All 
3 to 5 
7 to 11 

All 
3 to 5 
7 to 11 

All 
3 to 5 

(a)NA: Not analyzed 

Atom Percent 

Large Particles 
Collected in Cowls 

12 April to 12 August 1976 to 
29 June 1976 11 January 1977 

6.10 ± 0.02 NA 
NA(a) NA 
NA NA 

6.31 ± 0.02 6.85 ± 0.09 
NA NA 
NA NA 

6.28 ± 0.03 6.6 ± 0.1 
NA NA 

Small Particles 
Collected in Cascade 

Impactor 
12 August 1976 to 

11 January 1977 

NA 
6.4 ± 0.2 
5.6 ± 0.2 

NA 
8.1 ± 0.1 
6.0 ± 0.2 

NA 
7.0 + 0.01 

TABLE S. Prosser Barricade Plutonium-240/Plutonium-239 Mass Ratio Summary 

Sampling 
Height, m 

0.3 

2.0 

5.8 

Wind Speed 
Sampling 

Increment, 
m/sec 

All 
3 to 5 
7 to 11 

All 
3 to 5 
7 to 11 

All 
3 to 5 

(a)NA: Not analyzed 

Plutonium-240/Plutonium-239 Mass Ratio 

Large Particles 
Collected in Cowls 

12 April to 12 August 1976 to 
29 June 1976 11 January 1977 

0.065 NA 
NA(a) NA 
NA NA 

0.068 0.074 
NA NA 
NA NA 

0.067 0.071 
NA NA 
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Small Particles 
Collected in Cascade 

Impactor 
12 August 1976 to 

11 January 1977 

NA 
0.069 
0.060 

NA 
0.089 
0.063 

NA 
0.076 

------ ---.. --



Wind Direction. The significant differ
ence in the isotopic composition at the Pros
ser Barricade and Horn Rapids sites may be a 
function of the wind field patterns. Al
though southwesterly winds were sampled at 
the Prosser Barricade, synoptic-scale south
west winds can entrain air flowing southeast
erly along the side of Rattlesnake Mountain. 
Often, this southeasterly flowing air tends 
to mix with and to follow the motion of the 
southwesterly wind approaching the Hanford 
Area from offsite. Although the location of 
this entrainment is a function of the meteor
ology occurring, mixing can occur within the 
region near the Prosser Barricade. Since 
the Horn Rapids site is 1.4 km south of the 
Prosser Barricade, the possibility exists 
that 1) most entrained air is transported at 
locations near or north of the Prosser Bar
ricade, 2) little entrained air flows near 
ground level across the Horn Rapids sampling 
site, and 3) the entrained air carried 
Hanford-produced plutonium from onsite. Al
though these possibilities exist and might 
explain the differences between the Prosser 
Barricade and Horn Rapids isotopic composi
tions, the source of the production-type plu
tonium collected at the Prosser Barricade is 
yet to be identified. 

Conclusions 

Plutonium was transported during south
westerly winds during the two study periods 
at the Prosser Barricade. Airborne 239-240pU 
concentrations varied as powers of wind 
speed (U):U-O.2 to U7.8. The airborne 
solids content ranged from 6 x 10-8 to 
1.7 X 10- 6 ~Ci/g. The 240pU isotopic con
tent ranged from 5.6 to 8.1 atom percent and 
the 240pU/ 239 pu mass ratio ranged from 
0.065 to 0.089. The estimated fraction of 
stratospheric fallout plutonium in these 
samples was less than 0.24. The remaining 
airborne plutonium was probably of Hanford 
origin. Airborne plutonium probably repre
sents resuspension of plutonium from unde
termined sites by mechanisms and events not 
clear at present. 

An increasing airborne plutonium concen
tration with increasing wind speed might be 
expected for an upwind resuspension 
source(s). However, the geographical 
source(s) location was not investigated in 
this study. More research is planned to de
termine relationships between airborne and 
any surface concentrations. Although air
borne plutonium was measurable after filter
ing larger air volumes, the maximum calcu
lated airborne 239-240pU concentration of 
2 x 10- 16 ~Ci/cm3 is 0.3% of the 

ll7 

6 X 10- 14 ~Ci/cm3 168-hr maximum permissible 
concentration guidance level (Code of Fed
eral Regulations). 
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• Fallout Rates and Mechanisms 

Objectives of this study are: 

• Measuring radionuclide concentrations at Barrow, Alaska, and Richland, Washington, for the 
assessment of the hazard to the environment presented by future radionuclide releases. 

• Determining the physical and chemical forms of airborne radionuclides, their deposition rates, and 
iodine-131 concentrations in grass and milk. 

• Calculating the rates of atmospheric mixing of radionuclides. 

Atmospheric Radionuclide Concentrations at 
Richland, Washington and Barrow, Alaska 

J. A. Young and C. W. Thomas 

Long-Term Concentration Variations 

Nuclear Weapons-Produced Radionuclides. 
Concentrations of a wide spectrum of radio
nuclides have been measured bimonthly at 
Richland, Washington (46°N, 119°W) since 
1961 and monthly at Barrow, Alaska (71°, 
157°W) since 1964. Since the end of atmos
pheric nuclear testing by the United States 
and Russia in 1962, radionuclides have been 
released into the atmosphere primarily as a 
result of atmospheric tests by France 
(which discontinued testing in 1971) and by 
the People's Republic of China. The 
Chinese have conducted about 25 atmospheric 
nuclear tests at a rate of one or two a 
year since 1964. Primarily because of 
Chinese nuclear tests, the decrease in at
mospheric concentrations of nuclear weapons 
radionuclides has been slow since about 
1966. The yearly average concentrations of 
zirconium-95, cesium-137, plutonium-238, 
plutonium-239 and americium-241 at Richland 
in disintegrations per minute per 103 stand
ard cubic meters (SCM) since 1962 are shown 
in Fi~ure 14 (before 1968 only the sum of 
the 9 Zr and niobium-95 concentrations was 
measured). The peak in the 238pu concentra
tion that occurred around 1966 resulted from 
the burnup of a SNAP-9A nuclear power 
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FIGURE 14. Average Yearly Radionuclide Con
centrations at Richland, Washington 
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