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SUMMARY

Experiments were conducted from 1972 to 1975 at several Hanford
Reservation study sites to determine whether radioactive particles from
these sites were resuspended and transported by wind and to determine,
if possible, any interrelationships between wind speed, direction,
airborne soil, and levels of radioactivity on airborne particles. Samples
of airborne particles were collected with high volume air samplers and
cascade particle impactors using both upwind and downwind air sampling
towers. Mog samples were analyzed for ]3705; ome samples were analyzed
for 239Pu, 238py and 24]Am; a few samples were analyzed for Nsy. This
report summarizes measured air concentration ranges for these radionuclides
at the study sites and compares air concentrations with fallout levels
measured in 300 Area near the Reservation boundary.

Study results indicated that:

1) Airborne concentrations increased with wind speeds to the 1.0
to 1.5 powe for the data shown.

2) Madnmum measured airborne concentrations for all radionucl ides
were substantially less than the madmum permissible airborne
concentrations (MPC40 hr) for uncontrolled areas, but were
greater than fallout levels.

3) The weathering half-life, or time required for airborne con-
centrations to decrease by one-half, is muh greater than
previously reported in the literature: 5 months or longer
rather than 30 to 45 days.
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INTRODUCTION

Resuspension is the process by which wind blowing over a surface
causes particles from that surface to be blown into the air and transported
downwind. For radioactively contaminated surfaces, wind might cause radio-
active particles to be suspended into the air and transported to other
sites.

Resuspension is knoawn to occur at radioactively contaminated sites
on Washington's Hanford Reservation,(]) but with our present knowledge,
amounts of wind-caused resuspension and its effects cannot be adequately
predicted. Consequently the purposes of this study were:

1) to determine how much radionucl ide resuspension occurs, and

2) to use experimental results from local study sites to increase
our knowledge of particle resuspension physics.

239 238 137 241

Airborne concentrations of Pu, Pu, Cs, and Am were measured
at several Hanford Reservation sites and compared with fallout levels
measured at the 329 Building, 300 Area, approximately 30 km away. The
objective of this comparison was to determine increases in concentrations of
airborne radionuclides attributed to local resuspension from waste disposal
sites on the Reservation.

Concentrations were measured as functions of wind speed, airborne
particle size, wind direction, and the collected radionuclides determined
per gram of airborne soil or solids. Particulate air samples were taken as
a function of wind speed to determine whether airborne radionuclide concen-
trations increased at higher wind speeds, while concentrations as a function
of particle size were measured to determine if radionuclides were resuspended
as individual particles or attached to host soil and solid particles. In
addition, airborne radionuclides were normalized by the total amount of
airborne solids to relate concentration per gran of airborne solid to concen-
tration per gram of radionuclides on the ground. This relationship between
concentration per gram of airborne solid and concentration per gram of soil
or solid on the ground can be used to estimate permissible ground surface
contamination criteria for releasing areas for use by the general population.



CONCLUSIONS

39Pu, 241

Ranges of airborne concentrations of wind resuspended 2
238Pu, ]37Cs and 9OSr~ which occurred at study sites from 1972 to 1975
are summarized in this report. For limited data reported, airborne
radionuclide concentrations increased with wind speed to the 1.0 to
1.5 Dower. Maximum airborne concentrations were: for 2%y, 8 x 107!
wCizemds for 2¥lam, 3 x 10715 ucizen; for 238pu, 8 x 10716 ucizem®; and
for 137Cs, 3 X 10—]3 uCi/cm3. These maximum airborne concentrations
were less than corresponding 40-hr maximum permissible airborne concentrations
(MPC40 hr) for these radionuclides. (a) Ratios of maximum airborne
concentrations to MPC40 hre values were 4 x 10'3 for 239Pu, 5 x 10'4 for
24Tam, 4 x 107 for 238py, and 5 x 107° for '3’Cs.  Maximum concentra-
tions per gram of airborne solid were: for 239Pu, 6 X 10-5 uCi/g; for
24]Am, 7 x 1072 uCi/g; for 238Pu, 1 x 1078 uCi/g; and for ]37Cs, 1 x 1072
uCi/g.

Am,

5

Resuspension factors were calculated from airborne concentrations
measured in this study and literature values for surface contamination.
Resuspension factors ranged from 4 x 107" to 2 x 1070 !
the range generally reported for other sites.

, and are within

Radioactive particles may be resuspended either as individual
particles or, more probably, attached to host soil or solid particles.
In this study, most airborne radionuclide concentrations were reasonably
uniform as a function of height and cross-wind distance. This uniformity

(a)The International Congress For Radiation Protection has established fgp
S different radionuclides the maximum permissible concentrations (MPCS)?Z)
allowable for continuous exposure during a 40-hr work week. MPCs were
calculated to establish Timits for permissible dose rates to critical
organs. Models were used relating rate of uptake of a radionuclide into
critical organs by inhalation (or ingestion) to the activity build-up in

the organ and to biological and physical elimination from the organ.



suggests an average or "normal“-activity radionuclide particle distribution
is usually collected on sampling filters. However, one filter showed a
plutonium concentration at least 30 times greater than the maximum for all
other samples during this period. This anomalous higher concentration is
attributed to one or more plutonium particles of unusually higher activity
than those normally, or most frequently, resuspended.

The weathering half-life is the time required for airborne concentra-
tions at a resuspension site to decrease by one-half. Weathering is
probably a function of the source characteristics. However, very little
is known about predicting weathering. For fallout, previous literature
has indicated this half-life to be between 30 and 45 days. However,
results of studies reported here indicate a resuspension half-life of
5 months or greater. Knowledge of this 1ll-defined half-1life is important
in modeling efforts to describe airborne effects of surface contamina-
tion. Changes in surface contamination availability with time must be
known if models are to predict airborne concentrations. This range of
5 months or greater for a weathering half-life is an important new
addition to resuspension literature.

Another important result of this research is the initial evidence
239Pu, 24]Am, 238Pu, 13705, and 9OSr-

increase as a function of wind speed to the 1.0 to 1.5 power. Previously,

that airborne concentrations of

resuspension literature had not definitely shown that radionuclide con-
centrations increase with wind speed. In controlled source experiments,

tracer particle resuspension rates increase with about the 5th power of
wind speed. (3) Differences between wind speed exponents of 1 and 5 need

to be explained. Differences may be caused by the extent of the source
area and downwind transport.



STUDY SITES

The Hanford Reservation is an ideal site at which to measure resuspen-
sion and determine resuspension physics. Both nuclear reactors and
separation plants have been operated here for over 30 years. Fuel
elements have been processed and high- and low-level liquid wastes from
those separation plant process streams have been stored and accumulated. (4,5)
These include low-level wastes discharged to ponds and trenches to be
filtered through soil and sediments. As a result, residual radioactive
materials in liquid waste are retained on soil particles or trench
bottoms. Several areas of low-level waste disposal are the principal
resuspension source sites discussed in this report.

Sites of low-1level waste collection where resuspension was measured
(Figure 1) include U-Pond area, S-16 area, and Z-19 ditch leading into
U-Pond, all of which are within or near 200 West Area; the BC Crib area
south of 200 East Area; the Gable Mountain Pond area; and an area close
to the Hanford Meteorological Station Tower near 200 West Area. Waste
disposal continues at U-Pond, Z-19 ditch, and Gable Mountain Pond. The

ileg. No. PNL 768423-7
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FIGURE 1. Location of Resuspension Sites



S-16 area has been covered. All trenches in the BC-Crib area are covered
but were exposed when initially used.

U-POND AND BC-CRIB AREAS

One principal resuspension study site was U-Pond. In 1944, a
shallow depression was turned into a pond to receive low-level radioactive
liquid waste from plutonium processing and reclamation facilities, a
uranium recovery plant, several laboratories, and a laundry. Except for
the laboratories, these waste sources still contribute to U-Pond, although

the surface area of the pond has decreased from about 120,000 m2 (in

1952) to about 56,000 me. (%)

The water level at U-Pond is maintained by three major sources:
the plutonium processing operations (through Z-19 ditch); the laundry
(through U-14 trench); and the evaporator-crystallizer plant (also
through U-14 trench). (4) Laundry waste and cooling water continuously
flow through these trenches inta the pond. Liquid effluents sometimes
carry low-level waste (<5 x 10'5 uCi/cc) containing plutonium, americium,
and low-level fission products including 13-/'Cs to the pond. In addition,
plutonium releases, which are usually at low levels, occur on an intermit-
tent basis. Release records(s) indicate the total plutonium discharge
to the U-Pond area may be about 8.1 kg, while measurements(s’ p. 41)
taken in 1974 showed an estimated 21 g total plutonium in the first
10 om of U-Pond sediments. (657)

The BC-Crib area, south of 200 East Area, was a second principal
resuspension study site. From 1952 to 1958 liquid wastes containing
aged fission products were removed from underground storage tanks.

137Cs and 9OSr concen-

After uranium was recovered from these liquids,
trations were reduced by precipitate scavenging. The supernatant liquid

was released into the BC crib and trenches.

Soon thereafter, perhaps in 1959, an animal burrowed(4’8’9’]o) into
the trenches and exposed a salt layer. 1In succeeding years rabbits
apparently used this layer as a salt lick, as evidenced by the presence

of "hot" radioactive fecal pellets as far away as 4 km from the original



burrow site. When this was discovered, the hole was filled with gravel
and sealed with asphalt. In 1969 the trenches were covered further with
sand and gravel. The contaminated area, which extends beyond the immed-
iate vicinity of the burrow, is designated as the BC-Crib Controlled
Area. At present, surface radioactivity is associated mainly with
rabbit fecal pellets and urine deposited on the ground.(4,8,9,10)

Contaminated zones in U-Pond and BC-Crib areas were identified in

1973 by means of a helicopter survey.(8) In BC-Crib area, the radiation
survey showed surface contamination to be 1-10 uCi/m2 in an area of

2.3 km2. A larger (8 km2), less contaminated area showed a surface
concentration of less than 1 uCi/mZ. Total radioactivity to a depth of
2.5 an was computed to be approximately 40 Ci (32 Ci of 905r‘ and 8 Ci of
]37Cs). Surface samples indicated ]37Cs tends to remain nearer the

soil surface than 9OSr, which separates and leaches downward.

Effects of past resuspension were revealed by the aerial survey.

241

For instance, Am was measured around U-Pond area (which includes the

discharge area for the Z-19 ditch). Ground contours indicate southwest
winds blew through Z-19 ditch and deposited 24]Am on banks northeast of
the ditch bend. W subsequently measured air concentrations of resus-
pended radionuclides at this site. Aerial survey contours also showed
]37Cs around contours around U-Pond area. These curves also indicated
that southwest winds transported 137

137

Cs from the U-Pond area.

In contrast, Cs ground contours in BC-Crib area were not as informa-
tive. There, areas of contamination were more isolated, because of the
random deposition of rabbit pellets. Nevertheless, the region of highest
concentration was near the original BC trench areas, and it was in this area

that airborne concentrations were measured.

OTHER RESUSPENSION STUDY SITES

Resuspension studies were conducted on a shorter-term basis at S-16 area,
Gable Mountain Pond, and near the Hanford Meteorological Station (HMS)
Tower. The S-16 area was at one time covered with water but in 1975 was



dry; resuspension was measured during this dry period. The ground surface
in the vicinity of the meteorological tower is not a prime source of radio-
nuclide resuspension, but high-velocity southwest winds can carry resuspended
material from 200 West Area to this area.

RESUSPENSION EXPERIMENTS

The earliest and simplest experiments were done at Gable Mountain Pond
and near the HMS Tower. Later, more extensive experiments with increasingly
sophisticated instrumentation were conducted at remaining sites. In these
experiments meteorological sensing instrumentation was used to operate air
samplers automatically as functions of wind speed increments and wind
direction. These experiments were designed to test for increased airborne
radionuclide concentrations at higher wind speeds, to determine resuspen-
sion physics, and to gather data for estimating mass balances across
contaminated zones. Upwind airborne radionuclide concentrations were
simultaneously measured with downwind airborne concentrations for the
purpose of determining whether resuspension caused increased airborne
radionuclide levels between upwind and downwind airborne particle sampling
towers. In initial experiments, samples were collected and total radio-
activity determined. In later experiments, air filters were preweighed
before use. After sample collection, filters were again weighed. With
this technique it was possible to calculate the radionuclide concentration
per gram of airborne solid collected.

EXPERIMENTAL CONDITIONS

Experimental conditions for each sampling site are summarized in
Table 1. The two sampler types used were high-volume air samplers,
which sampled at 1.13 m3/m1'n, and cascade particle impactors, which
sampled at 0.57 m3/m1'n. High volume air samplers with 20 x 25 an
(8 x 10 in.) filter holders were used at all locations, and were faced into
the wind toward upwind towers. Particle cascade impactors, however,
were used only in some experiments at U-Pond, BC-Crib, and in the HVS
Tower experiment.



TABLE 1. Summay of Experimental Parameters

Parameter Resuspension Air Sampliing Sites
Gable Mt HMS
BC U Zz-19 5-16 Pond Tower

Air_Sampler Type
High-Volume X X X X X X

Cascade Impactor X X X

Some Samples Analyzed for

137Cs X X X X X
238p, X

239Pu X X X
30, X X

241 X X X X
Sampler Location

Upwind "Westside" X X X X

Downwind "Eastside" X X X X X

Wind Direction Sampled

AN X X X
Selected X X X X X
Wind Speeds Sampled

All X X X X X
Increments X X X X

Cascade particle impactors separated airborne particles into respirable-
size fractions. (a) Impactor 50% stage cutoff diameters were 7, 3.3, 2,
and 1.1 um. In most cases a rotating covvl(”) fitted with a tail fin to
rotate the inlet into the wind wes attached to the particle cascade
impactor. Particles larger than respirable size were driven into the
cowl and deposited on the cowl bottom. Particles of respirable size
remained airborne and were drawn up into the cascade impactor which
fitted into the cowl. Thus by using the cowl impactor system, airborne
radionuclide concentrations were determined an nonrespirable as well as
respirable particle sizes.

a . . . .
( )"RespiraMe" as used in this report are those particles which are found on
the impactor stages and back-up filter.



BC-Crib Area

One upwind tower and eleven downwind towers were used at BC-Crib
area. Air samplers were located at heights from 0.3 to 6 m above ground
level. The distance between upwind and downwind tower arrays was approxi
mately 770 m. This region between towers included the area of highest
]37Cs surface contamination. However, both tower arrays were within
areas of lower surface contamination. Initially, samples were taken for
all wind speeds and wind directions. In subsequent experiments, samples
were taken as a function of three wind speed increments and only when

wind was blowing from upwind to downwind towers.
U-Pond Area

There were eleven downwind towers and only one upwind tower since
U-Pond was assumed to be the resuspension source. Spacing between
upwind and downwind towers was approximately 480 m. Samplers were
located from 0.3 to 30 m above ground level and samples were collected
as functions of wind speed increments and wind direction. Samples were
only collected when wind blew from upwind to downwind tower arrays.

Z-19 Ditch

Air samplers were located along Z-19 ditch which empties into
U-Pond (Figure 1). High winds from the southwest blow through the ditch
and could resuspend material from the banks adjacent to fluctuating
water levels. Since the aerial survey indicated 241l\m ground contamina-
tion adjacent to the ditch, samplers were located near Z-19 ditch to
determine if 24]Am was still resuspending from this area. High-volume
air samplers were located from 0.3 to 9 m above ground level, Selected
air samplers were operated for four different wind speed increments when

southwest winds blew through the ditch.
S-16 Area

The S-16 area was a dry pond area that at one time had collected
liguid wastes. In the spring of 1975, this area was covered to eliminate



resuspension from the dry pond bottoms. Resuspension was measured
immediately before covering. Dowwind air samplers were located 0.6 m
above ground level along the northern and eastern edges of S-16. An
upwind air sampler was located approximately 600 m southwest of the
downwind air samplers. This upwind sampler was the only air sampler at
any resuspension study site (except for HV6 Tower) located outside a
general waste processing area. Samplers were activated only when wind
blew from upwind toward downwind samplers. However, all wind speeds
were sampl ed.

Gable Mountain Pod

At Gable Mountain Pond, air samplers were located 0.3 m above
ground level along the east side. These air samplers were manually
operated for all wind speeds and directions. During the sampling period,
wind blew principally from the west. These samples were analyzed for
plutonium.

Hanford Meteorological Station Tower

Air samplers near the HV6 Tower were located 0.3 m above ground
level. Three types of samplers were used: a cascade particle impactor,
an inertial impaction collector, and a series of funnels“z) stacked one within
the other. The cascade particle impactor was used during the January
11, 1972, dust storm, but became overloaded. Another small, self-
orienting sampler adjacent to the cascade particle impactor also collected
particles during this storm. This inertial impaction collector was a
bottomless polyethylene bottle mounted horizontally on a rotating bearing.
A tail fin wes attached to the bottle in order to orient the open bottom of
the collector into the wind. Samples from the cascade impactor, polyethylene
bottle col lector, and funnel sampler were analyzed for plutonium.

AVRER LOCATIONS

Upnind and downwind towers were used at BC-Crib, U-Pond, 1-19, and
S-16 areas. In early experiments, samplers on upwind and downwind
towers were not always operated simultaneously, but simultaneous sampler

10



operation was maintained in some later experiments by means of an electrical
signal cable installed between upwind and downwind towers. The downwind
(or east-side) towers at Gable Mountain Pond were the only set of towers
used on that location.

SAMPLING WITH RESPECT TO WIND DIRECTION

Air blowing from all directions was sampled for some experiments at
BC-Crib area, HVS Tower, and Gable Mountain Pond. In other experiments,
air was sampled only when wind was blowing from a selected compass angle.
The objective was to sample only air blowing from upwind to downwind air
samplers.

SAMPLING AS A FUNCTION OF WIND SPEED

Sampling as a function of wind speed was carried out to help determine
particle resuspension physics and to measure changes in air concentra-
tions as a function of wind speed. In Table 1, the subheading
"increments" means that only selected wind speeds were sampled. Thus,
if wind speed were from 3 to 5 m/sec, one set of air samplers would be
activated. If wind were from 5 to 7 m/sec, another series of air
samplers would be activated. Up to six wind speed increments were used.
The subheading "all” means air filter samples were collected during
all wind conditions.

RADIOCHEMICAL ANALYSES

Air samples were analyzed by either ARHCO, PNL or LFE Environmental
Laboratories of Richmond, California. (13,14,15) Most samples were
analyzed for ]37Cs by ARH@“R’) using gamma detector systems which used
Compton and background suppression. The primary detector was a 1ithium-
drifted germanium [Ge(Li)] crystal.

Some ]37Cs results were obtained at PNL by counting with an 18-

an (7-in.) Nal well crystal. Some samples were analyzed for 24]Am and
plutonium. Other analyses done at PNL were for 241Am and pluton-

(14,15)

ium. However, most plutonium analyses were done by LFE Labora-

tories.

11



STE FOR FALLOUT LEVEL GOMPARSON

Radionuclide air concentrations at resuspension sites were com-
pared to fallout levels measured at the 329 Building, 300 Area. (16,17)
This is a principal reference site (started in 1961) in the United States
for measurements of airborne fallout radionuclides; other reference
sites include Pt. Barrow, Alaska (10 years' data) and Quillayute, Washington
(1-1/2 years' data).

RESLTS

Extensive data were obtained on airborne radionuclide concentrations
around resuspension sites studied. These concentrations are expressed
both in uCi/cm3 of filtered air and uCi/g of airborne solids. This
report summarizes ranges of data collected, but does not detail data
for each experiment. Results can be summarized as foll ons:

e Airborne radionuclide concentrations increased as wind speeds
increased.

e Measureable air concentrations extended up to 30 m above ground
level which was the highest sampling elevation.

e Airborne concentrations at resuspension study sites were greater
than those measured at the 300 Area (fallout levels) during the
same time intervals. The only exception weas for 241 am concentrations
during March to My 1974, during which the 41 am wes somewhat |ess
than reported fallout levels.

137 239

In the fol lowing sections concentrations of Cs, 238Pu,
and 2*am will be given and the effects of wind speed and sampl ing
height will be described. Results will be discussed in terms of madmum
expected airborne concentrations, the ratio of concentrations on airborne

Pu,

12



solids and surficial solids, the average release flux of radionuclides
from an assumed resuspension site, and the calculation of resuspension
factors.

EFFECT OF WN\D JHD

Airborne concentrations measured at several sites as a function of
wind speed indicated airborne concentrations increased as wind speed
increased. The data set selected for discussion is shown in Figure 2.
These data were obtained at the sampling tower west of U-Pond from
March 21 through My 20, 1974. Samples were collected when wind wes
blowing from 170° to 340° (north corresponds to 0° and west to 270°).

In this wind sector air was expected to be moving only from upwind uncon-
taminated surface areas except for the overflow area of U-Pond, which

could be a resuspension source. High-volume air samplers were located

0.9 m and 3.0 m above ground level. Airborne radionuclide concen-
trations were measured for three wind speed increments of 1.3 to 3.6 m/sec,
3.6 to 5.8 m/sec, and 5.8 to 9.4 m/sec.

Fallout levels in 300 Area and U-Pond airborne concentrations (uCi/cm3)
for ]37Cs, 9OSr, 239Pu, and 2*'am are shoan in Figure 2. Concentrations
are plotted at the lower limits of their respective wind speed increments.
Data points for each height are plotted at each wind speed. Error bars
gown are the madmum and minimum 2¢ counting statistics error limits for
the two data points. Whee error bars are not shown, the 2¢ limits do not

extend beyond the data symbol.

Straight lines through data points indicate an exponential concentration
increase with an increase in wind speed. The velocity exponent for
137¢s indicates that '3’cs concentrations increased with the 1.2 power
of wind speed. In contrast, %05 concentrations increased with the 1.0
power of wind speed. Both 239y and **'am concentrations increased with
the 1.5 power of wind speed.
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Fallout levels in the 300 Area are shown on the right side of Figure 2.
Cesium-137 and 239Pu fallout concentrations were similar to concentrations
measured during the lowest wind speed increment. In contrast, 24]Am

fallout concentrations were comparable to concentrations measured at the
highest wind speed increment; the reasons for this variation are unknown.
Strontium-90 fallout concentrations have not yet been reported for this
time period. (16,17)

AIRBORNE RADIORUCLIDE CONCENTRATION AS A FUNCTION OF HEIGHT

Data collected from March 21 to May 20 were also used to determine
airborne concentrations as a function of height. Concentration data
east of U-Pond (shown in Figure 3) were obtained for all winds from 1.3
to 9.4 m/sec when the wind direction was from 170° to 340°. Airborne
238Pu, 24]Am,

Cs. Error bars shown around data points are 2¢

concentrations are shown as a function of height for
239Pu 90 137

counting statistics limits; error bars are shown only if limits are

Sr, and

wider than data symbols. These profiles show that concentrations were
nearly uniform for the range of heights studied.

These concentrations are normally greater than 300 Area fallout
level ranges shown in the lower portion of Figure 3. Concentrations of
238Pu are all definitely greater than fallout levels, while ]37Cs
concentrations are only slightly greater than fallout levels. Even
though resuspension occurred, measured air concentrations were all below
their respective MPC values even for uncontrolled areas. The only
ambiguity in this data set is the 241Am results. Fallout levels for
24]Am in the 300 Area were greater than concentrations measured at

U-Pond.

15
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CESUM-137 GONCENTRATIONS
13

Ranges of airborne 7¢s concentrations at U-Pond, BC Crib, Z-19,
S-16, and HVS Tower areas determined in these resuspension experiments
are summarized in Figure 4. The data represent experiments conducted over
various time periods. For each data symbol, the vertical line is plotted
at the mid-time of the experiment while the experiment duration is shown by

horizontal lines drawvn at both the maximum and minimum measured concentration.

137

Airborne Cs concentrations are shown as a function of time from

1973 to 1975. In comparison, 300 Area fallout levels are shown by horizon-
tal dashed lines. Measured airborne concentrations at each resuspension
site are above fallout levels. The madmum airborne 137¢s concentration was

16
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3 x 10 uCi/cm3, which is more than two orders of magnitude greater
than fallout levels but significantly less than the MPCag hy of 6 x 107°
uCi /e,
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FIGURE 4. Range of Domwind Airborne 137¢s Concentrations at
Resuspension Sites Compared to Fallout Levels

rborne concentrations at U-Pond tended to decrease from 1973

mid-1974. On the average, air concentrations decreased by one-
This decrease indicates that the weathering
ation) half-life for surface contamination available for resuspension
5 months. This is muh greater than the 35 to 40 days

fe at U-Pond could be a manifestation of some resuspension surface



renewal process since this is an active waste site. The explanations

are unclear for differences in weathering half-life. Nevertheless,

caution is indicated in trying to extrapolate backwards in time prior to the
research. The data reported herein concern only the time period for which
resuspension research was conducted.

In contrast, BC-Crib air concentration data do not show any such short
fixation half-life. Airborne concentrations at BC-Crib tended to remain
constant from Mgy 1973 to June 1974, suggesting a fixation half-life of
years. |If the concept of a fixation half-life is valid, differences in
half-life appear to be from five months or greater for this data set.

Airborne '37cs concentrations are normalized ly the solids collected on

each filter. Airborne concentrations shown in Figure 5 ranged from

107° to 1072 uCi/g of airborne solid. The largest concentrations were
measured around U-Pond in September - October 1973. The airborne concentra-
tion per gram is reasonably uniform for the different resuspension sites.
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PLUTONIUM CONCENTRATIONS

238Pu and 239Pu measured in

these resuspension experiments are shown in Figure 6 and are compared with
300 Area fallout levels.

Airborne plutonium concentrations for both

Airborne peak plutonium concentrations at resuspen-

sion study sites were significantly greater than 300 Area fallout levels,
airborne 239 238

and
Pu concentrations in general were greater than airborne Pu con-

centrations. However, although resuspension was and is still probably occurring

at these sites, measured airborne concentrations were significantly less than

MPC's. Neg. No. PNL 765724-4
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239 1

The maximum airborne Pu concentration measured was 8 X 1071° uCi/cm3
near the HVS Tower on January 11, 1972. All other plutonium concentrations
except one were at |east one order of magnitude lower. The one exception
was measured 6.1 m above ground at U-Pond during October 1973. In comparison
with other October data, the concentration for this sample was about one
and one half orders of magnitude greater than any other sample. \&¢ hypothe-
sized that some more active-than-normal particles or clusters of particles
were resuspended and collected on this filter.

After 1972, the only plutonium analyses were for some U-Pond samples.
These airborne concentrations tended to be independent of sampling time,
indicating the half life of plutonium available for resuspension was very
long for this data set.

Airborne 238py and %3%y concentrations expressed in uCi/g of airborne

sol ids are shown in Figure 7. Concentrations of 239, were somewhat greater
than those of 238pu. Plutonium concentrations o airborne sol ids

ranged from 10°° to 10'5 uCi/g. The only exception was the October 1973
single sample described above, for which the concentration wes

6 x 1070 uCi/g. Otherwise, plutonium concentrations on airborne sol ids

around U-pond appeared to be nearly independent of time.

AMERAUM-241 GONCENTRATIONS
241

Airborne
Tower areas ranged from about 10718 to 10
samples indicated total 241pm collected was below radiochemical detection
limits. In this figure airborne 241 pm concentrations are compared to 300 Area
fallout levels. However, the comparisons are incomplete since 241 pm
fallout level data were not reported for all time periods. In addi-
tion, may fallout level data were below radiochemical detection limits;
these are indicated by short horizontal dotted lines. Obviously, actual
fallout levels for these time periods could have been significantly less.

Am concentrations measured at U-Pond, Z-19, 5-16 and HVB
15 uCi/cm3. However, other filter
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Airborne 241Am concentrations at U-Pond were of the same order of

magnitude as fallout levels. In contrast, airborne concentrations at Z-19
and S-16 were significantly above fallout levels during February to My 1975.
Comparisons of upwind and downwind tower air sample results at S-16

showed increased %*'am airborne concentrations were from 24! an resuspension
from the dry S-16 area. (This area has since been covered.) Madmum

241pm concentrations measured in November 1975 at the HVG Tower are also
comparable to concentrations measured at S-16 and Z-19. However, 24]Am

was above radiochemical detection limits on only two H6 Tower air

filters for this time period.

Concentrations of 241 pm on airborne solids at each resuspension

site, shown in Figure 9, ranged from about 107 to 107* uCi/g of airborne
solids. Airborne concentrations were least for U-Pond and greatest for

Z-19 and S-16 areas. For the HVB Tower data, the arrow shown below the limits
of the two positive 41am results indicates that may air filters had collected
less than radiochemical detection 1imits. Nevertheless, madimum 241 pm
concentrations per gram of airborne solids at the HVS Tower for these two
samples were comparable to concentration ranges measured at Z-19 and S-16.
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DISQUSSON OF RE3LTS

Ranges of airborne radionuclide concentrations were outlined in
the preceding section. Measurements at resuspension sites led to the
following conclusions:

e Usually the amount of resuspended plutonium attached to most solid
particles corresponds to a "normal” or average radioactivity size
range; however, occasionally plutonium is resuspended as particles or
clusters of particles of greater than this average actitivy.

Airborne concentrations of 137(:5, 239 238Pu, and 24]Am at the

different resuspension sites were generally greater than fallout
levels in the 300 Area.

Pu,

Airborne concentrations increased with wind speed to the 1.0 to
1.5 power for the data shown.

e Airborne concentrations decreased with concentration half-lives
of 5 months or greater.

In this section, results are discussed in greater detail. Additional
data interpretations will include a prediction of airborne radionuclide con-
centrations from airborne soil concentrations. These interpretations are
based on calculations and comparisons of airborne radionuclide concentrations
(in amount per unit air volume and amount per mass of airborne solids) as
well as the surface contamination per unit area of ground surface and per
mass of solids on the ground. Resuspension factors are calculated and maxi-
mum airborne concentrations estimated.

REATIVE AMOUNTS OF RADIONUCLIDES ON PARTICLES RESUSHENDED

Data from this study indicated that apparently both norma and some
more radioactive-than-normal particles or clusters of radioactive particles
were resuspended and col Tected on sampling filters. In the October 1973
plutonium data shown in Figures 6 and 7, one filter at 6.1-m height col-
lected 6.5 x 107° yci/g airborne solid (1.2 x 107> wCi/en® of filtered
air). This plutonium measurement was 36 times greater than the madimum

23



value of 1.8 x 107°° uCi/g airborne solid (4.0 x 107V uc1'/cm3 of filtered

air) collected on other filters simultaneously sampling at heights of
6.1 and 0.3 m. V¢ hypothesize that this relatively high plutonium
collection on this filter was due to collection of one or more larger
(more radioactive than normad ) particles or clusters of particles.

The size of the larger particle(s) cannot be measured since the
filter samples were dissolved for plutonium analysis. Nevertheless, the
relative size can be estimated from the ratio of radioactivities collected
for "normal" and "larger" particle sizes. Aswuuming that a particle's
radioactivity is proportional to its volume, then the filter with a pluton-
ium activity 36(30) times greater the next highest measured activity nygy
have collected "larger" particles of 36(30) times the volume of "normal”
particles. This would correspond to a diameter for the larger, less
frequently resuspended particle(s) which mey be three times the diameter
of normally resuspended plutonium particles. Only since extensive air
samples have been collected is the occurrence of these larger resuspended
particles being experimentally recognized. However, the frequency of
their resuspension appears to be very low.

The presence of a more radioactive than norma resuspended particle
is also indicated by the 24 pm data shown in Figures 8 and 9. The two positive
241Am air samples for the HV6 Tower mey indicate that larger than normal
24T pm particles or clusters of particles were collected on these filters.

A similar result was reported(]g) for resuspended particles at

Rocky Flats, Colorado. In that experiment, a more radioactive than average
particle (or cluster of particles) was collected on the 2-um stage of a
particl e cascade impactor.

AR CGONCENTRATIONS IN RHATION TO MPECS

Airborne concentrations ranges in uCi/cm3 were shown in Figures 4,
6, and 8. The madmum of each range wes related to the MPC values for the
occupational worker (40-hour work week) in Table 2. Madmum airborne concen-
trations were from 4 x 107> to 5 x 107° of MPCyq pp- These small ratios indicate
an insignificant airborne inhalation hazard.



TABLE 2. Ratio of Maximum Measured Airborne
Concentrations to MPC

air
Air Concentration,
uCi/cm3

Maximum MPC (@29 ) Ratio,
Material Observed 40 hr Maximum/MPC
239 g x 10712 2x10712 4 x 1073
241 3x10°1° gx10°1? 5 x 10°°
238p 8x 10718 2 x 10712 4 x 107%
137¢¢ 3x10°13 6x108 5 x 107°

RADIONUCLIDE CONCENTRATIONS CN AIRBORNE AND GROUND SOLIDS

Identification of relationships between radionuclide concentrations
on airborne solids and contaminated ground solids would be useful in estab-

lishing criteria for releasing contaminated areas for other uses. Concen-

trations on ground surfaces obtained from the Iiterature(4’20’23) are

shown in Table 3 for ]37Cs and 239Pu in uCi/g of solids. The ]3765

8 10 25 x 1072 uCi/g. The range for

7

concentrations ranged from 3 x 10~

239Pu was from less than radiochemical detection limits to 6.9 x 10

39

uCi/g of surface solids. The maximum reported 2 Pu concentrations for

surface solids were within the 200 areas. The minimum 239Pu concentrations
(20) in the literature occurred at 19 to 34 km

from Hanford. Surface contamination levels were reported only out to

on surface solids reported

34 km. These contamination levels are used in Table 3.

Table 4 is a summary of airborne solids concentrations in uCi/g for
239Pu, 24]Am, 238 ]37Cs. These concentrations were obtained from
Figures 5, 7, and 9. Table 4 also shows ground surface contaniination levels
239

Pu, and
for Pu and ]37Cs, expressed in uCi/g. From these, ratios of uCi/g of
airborne solids to uCi/g of surface solids were determined. The last
column shows maximum ratio ranges. Ratios vary from 10-3 to 8 x 103,
indicating that contaniination levels on airborne solids can be either
much less than or much greater than contamination levels on contaminated
surface solids. This wide range of ratios may indicate the possibility of
non-uniform surface contamination, of too few surface contamination levels



TABLE 3.

Solid Samples Reported in the Literature

Concentrations of Radionuclides in Hanford Ground Surface

4Ci/g
137, 239 + 240,

Location Year _Avg Range Range

! - - - -
onsite 21} 1973 9.7 x 107 3x108 to2.4x10%  "LAL to 8x 1079

‘ N, - -
Inside 200 Areas-2°1971 NR 26 x 1078 t0 6.9 x 107/
o1 o -5 -2

BC Area(4,21,2(32)C\ 1974 21 x 107° to 2.5 x 10
Within Hanford <"’ -9 -7
Site Boundary 1971 NR 9.9 x 1077 to 1.2 x 10
(3 to 26 Km)
site perimeter (2V) 1973 7 x 1077 1.4 x 107 t0 1.5 x 107 *LAL to 6 x 1077
offsite (2l 1971 R 3.6 x 1077 to 7.6 x 1078
(19 to 34 Km)

*LAL, less than analytical limit.
NR, not reported.

TABLE 4. _ i
Concentrations Per Gram of Solids

Ratio of Airborne to Ground Surface Radionuclide

Maximum
Concentration, uCi/g Solids Ratio Range,
Ground Surface uCi/g) 5y
Airborne Solids Contamination 17
Material Minimum_ Maximum  Minimum  Maximam -/ 9/Surface
- - -9l
239, 22108 gxi107° AL 8x107920) 2,100 1o 8x10
2 pm 1x1077 7x1073 NR NR
238p,, 1x10°%  1x07® R R
1375 21075 1x107? AR R
-5
’I37Cs at 3x10 7x10'4
BC-Crib Area
10 areas, {24)
1 m? 2.1x107° 1.2¢1073 1x1073
to
Maximum reported - 1
value 2.5x10 3x10
LAL- less than analytical limit.
NR = Surface contamination levels not reported for all areas. |If

available, data for each area reported separately.

* Ratios from positive reported ground contamination values.



reported in the literature, and/or transport of contaminated soils from
upwind which mey have either higher or lower concentrations than local
surface soils.

Caution should be used in interpreting these data. The ground surface
contamination data are limited in quantity and were not necessarily obtained
in the same areas where resuspension experiments were performed. Airborne
particle and ground contamination levels are shown for BC-Crib area in
the last two columns of Table 4. In this case, BC-Crib area wes sampled
in ten 1-m* areas. Daa from these ten squares indicated surface contam-
ination levels varied by about a factor of 100. Ratio ranges calculated
from these data mey be more representative than ranges calculated for
239y, The '3’¢cs data for BC-Crib area ranges from 107 to 30. The
magnitude of this range is important, since one might as a first approxima-
tion assume air contamination levels per gran of solids to be equal to sur-
face contamination levels per gram of solids. The potential fallacy of
using such an assumption will be described later in this report.

(24)

RESUSPENSION FACICRS

Resuspension factors have been used in the literature to describe
resuspension air concentrations. The resuspension factor (expressed in a
unit of m']) is defined as the airborne concentration of contaminant per
cubic meter divided by the surface contamination level per square meter
immediately below the point where the airborne concentration wes measured.
Often air concentrations for determining resuspension factors have been
measured from about 1 to 1-1/2 m above ground. However, airborne concentra-
tions are a function of the upwind contamination level, not a contamination
level immediately below the air concentration measurement site. It is the
transport from upwind contamination sites to the concentration measurement
site that deterniines the airborne concentration.

Although the validity of resuspension factors is questionable, they
were for a long time the only method for estimating air concentrations.
Consequently resuspension factors were estimated from data obtained
in this study. Resuspension factors and the basis for their calculation are

27



137 239

shown in Table 5 for Cs and Pu; literature values are used as an
indication of ground surface contamination levels in uCi/mZ, while air-
borne concentrations are the ones shown in Figures 4 and 6. Resuspen-
sion factors calculated from air concentrations and ground surface

contamination levels are shown in the last column. Resuspension factors

-11 -8 - .
for 137(35 range from 4 x 10 ] to 7 x 10 8m 1. Resuspension factors for
239 -10 -5 -1 -11
3 Pu range from 6 x 10 to 2 x 10 5m . These ranges from 10 to
]O'Sm'] are within ranges reported in the literature.
TABLE 5. Resuspension Factors
X G,
Air Concentration Surface Contamination Resuspension
uCi/cm3 uCi /m2 Factor* _Range,
Material Area Minimum Maximum Minimum Maximum m-1
\
137¢5 gc (824 a0’ 207! 0.29 55.4  4x1071! to 7x1078
23%,, "Inside chemical %1078 gx1071% 4iox107t 1201072 6x10710 to 2x1075

separation areas"{20)

*Resuspension factor = (106)(x)/G



FREDICTED AIRBORNE RADIONUCLIDE GONCENTRATIONS FROM AIRBCRNE SOLIDS

Airborne concentrations can either be determined experimentally or
calculated on the basis of simplifying assumptions. For example, one assump-
tion is that radioactivity concentrations on airborne solids are equal to
radioactivity per gramn of ground surface contaminated solids. As was shown
in Table 4 for very limited data, this assumption is not always valid since
the ratio of radionuclide concentration per gram of airborne solids to the
radionucl ide concentration per gram of surface sol ids ranged from 1073
to 8 X 103. Nevertheless, an equality assumption is used in this section
to predict airborne radionuclide concentrations.

Airborne sol ids concentration levels were estimated from data(25)
shown in Figure 10. Airborne particle volume distributions were determined
on the Hanford Reservation using both an optical particle counter and a
cowl-impactor system.(zs) The range obtained with the optical particle
counter is shown as a cross-hatched area. Based upon measurements to now,
the coml impactor data shown have an upper limit, increasing with wind speed
and decreasing height, (the April 1972 data) and a lower limit for other
test periods indicated by the lines described Ly 2.460% 12 and 11600'1'48
To determine maximum airborne mass loadings, the upper or madimum limits of
the curves for any particle diameter were integrated as a function of particle
diameter. The lower limits were also integrated as a function of particle
diameter. These integrations predict the solids mass loading per unit vol-
ure of air (shown in Table 6) as a function of four different particle diame-
ter ranges: 0.16 to 1 um, 1 to 10 um, 10 to 100 um, and 100 to 230 um.

Particles less than 10 um diameter are frequently considered respir-
able (i.e., small enough to be inhaled into the lungs), even though 3.5 um
appears to be more exact. In the following discussion, particles with
diameters.less than 10 um are considered respirable and those larger
than 10 um are nonrespirable.
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TABLE 6

Calculated Airborne Concentrations From Airborne
Solids Concentrations and Surface Contamination

Particle Diameter Range, }

Respirable Non-respirable
Airborne Particles 0.16 to 1 1 to 10 0.16 to 10 10 to 100 100 to 230 10 to 230
Total Volume, um>/cm’ 2 4 4 5
Upper limit 4.58 3.5 x 10 354.6 2.22 x 10 9.37 x 10 1.16 x 10
Lower Timit 0.036 3.83 3.87 9.3 0.609 10.0
Solids MMass Loading
Upper limit, mg/m 0.00916 0.704 0.713 44 .4 187 .4 231.8
Lower limit, ug/m3 0.072 7.66 7.73 18.78 1.218 20.0
Calculated* extreme maxi-
mum airborne concentra-
tion from limits of
airborne solids concen-
trations, uCi/cmsd
137¢s, upper limit 1.78 x 1072 5.79 x 1073
Lower 1imit 1.93 x 1077 5.00 x 1077
23%., Upper limit 4.92 x 10710 1.60 x 1077
Lower Timit 5.33 x 10712 1.38 x 1071

*Concentration on airb

orne solids assumed equal to maximum

reported in Table 3 for concentration on ground solids:

137 .

239Pu =
where
137CS

239Pu .

2.5 x 1072 uCi/g

7

6.9 x 1077 uCi/g

D MPChy = 6 x 1078 uCi/cm3

MPC,cq = 2x 1078 SCi/em’

i2

MPC, . = 2 x 10712 yCijem’

40

13

MPC, g = 6 % 107 uCi/em’

16
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Mass loadings in these respirable and nonrespirable ranges are shown as
upper limits of 0.7 mg/m3 for respirable particles and 231.8 mg/m3 for non-
respirable particles. The lower 1imits are 7.7 ug/m3 for respirable particles
and 20 ug/m3 for nonrespirable particles. These mass loadings were multi-
plied by madmum surface contamination levels for 137¢s and “3%pu shown in
Table 3. This approach yielded a predicted madimum airborne 137

tration for respirable particles of 1.78 x 107° uCi/cm3

lower 1imit of 1.93 x 107’ uCi/cm3.

239

Cs concen-
and a predicted

Upper and lower limits of Pu concentrations on respirable and non-
respirable particles were calculated similarly. However, a comparison of
airborne 137¢s and 23%py concentrations predicted by this method and measured
airborne concentrations (Figures 4 and 6) indicates the shortcomings of this
calculational approach. This method predicts air concentrations could
exceed MPC values. In contrast, average measured concentrations were |ess
than 4 x 1073 of MPCq-ppe-

This airborne particle mass loading approach to calculate airborne
radionuclide concentrations does not distinguish the sources of airborne
material. For simple wind resuspension, airborne solids included contami-
nated solids (lower or higher radionuclide concentrations per gram of
solid) blown in from the surrounding area as well as solids resuspended
from the prime resuspension study site. In contrast, airborne solids above
a mechanically disturbed area would be resuspended from the study site. In
this case, possibly such an equality assumption of radionuclide concentra-
tion per gram of solids would be appropriate for mechanical disturbances(zg)
of contaminated soil area.

Data are needed to determine resuspension rates and airborne concentra-
tion caused by mechanical resuspension. Airborne concentration levels
from small local mechanical resuspension sites are expected to be greater
than from wind stresses.(za)
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REUSENION RH FATE HUXES

An attempt wes mede (Table 7) to estimate the annual resuspension
release fluxes of 239Pu, 238Pu, 24]Am, and 137¢s at resuspension sites
studied. The bases of this calculation are shown in the lower portion
of Table 7. An average yearly wind speed(zg) of 3.4 m/sec was assumed to
transport airborne radionculide through an area 30 m high and 150 m
wide, giving 4.9 x 10! m3/year flowing through this cross-sectional
area. This air volume was multiplied by the madmum air concentrations
shown in Figures 4, 6, and 8. Madmum rather than average airborne
concentrations were used to provide ultraconservative estimations of
downwind transport. On the basis of these calculations, maimum release
rates ranged from 0.004 to 0.15 Ci/yr. These are very smal values. |If
the cross-sectional area were assumed to be much larger or srd ler,
madmum release fluxes would be correspondingly increased or decreased
from these calculated values. However, in all cases average fluxes
would be less than these maximum calculated fluxes.

TABLE 7. Estimated Annud Resuspension
Release H uxes

Maxi mum Air Rel eased for Assumed
. Concentratjon, Condi tions,*
Material uCi/cm Ci/yr
239p,, 8x1071° 0.004
241 3x10713 0.001
238, 8x10716 0.0004
]37Cs 3x10713 0.15

*Cal cul ation basis:
Average wind speed, (2%) 3.4 m/sec
Assumed meximm plume height, 30 m

Assumed plume width, 150 m

Assumed volume contam nated air = (3.4)(30)(150)(3.2x107 sec/yr),
= 4.9« IOH m3/yr
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SUESED FUTURE RESEARCH

Several potentially valuable research areas are indicated by results
of this study. A vital need is for modd validation to predict transport
from either wind-caused or mechanically-caused resuspension. Without
additional resuspension data from surface contaminated areas, realistic
predictions of local and downwind airborne hazards cannot be made.
Predictions of resuspension as a function of particle size, surface
properties, or time since material was deposited on the ground are
especially inadequate. Although reported airborne concentrations have
been below MPC, most air sampling devices are biased toward sampling
respirable-sized particles. Information is needed an airborne radionuclide
concentrations and transport of nonrespirable-size particles.

In the tests reported here, airborne radionuclide concentrations
increased as a function of wind speed west of U-Pond. However, air wes
sampled only when wind was blowing from the west toward U-Pond, and
this air should not have passed over much surface-contaminated ground.
Nevertheless, airborne concentrations did increase with the 1.0 to
1.5 power of wind speed. The resuspension source for these airborne
radionuclides located much further upwind west of U-Pond in order to locate this
resuspension source.

If fallout concentrations were simultaneously measured on the
Arid Land Ecology (ALE) project on Rattlesnake Mountain as well as
at several sites across the Hanford Reservation, the buildup of air-
borne concentration from local sources could be unequivocably shown.
Air samplers could be activated as a function of wind direction and
speed only when wind is blowing toward U-Pond from ALE land in the west.

Additional resuspension research in the S-16 area is also needed. This
area was covered with dirt in the spring of 1975. Resuspension research
should be done around this area again to show whether radionuclide resus-
pension from this area has decreased. This would be the first experimental
evidence that airborne radionuclide concentrations had decreased following
dirt coverup.



Surface contamination can either be covered up or cleaned up. Use of
upwind and dowrwind air sampling towers around areas being considered for
cleanup would be useful to determine the extent of cleanup operations which
should be reasonably performed. |If airborne concentrations blowing into the
proposed cleanup area were comparable to airborne concentrations downwind,
there could be some question as to whether cleanup operations would
significantly decrease any airborne radiological hazard. In addition,
airborne concentration mgy indicate that cleanup operation should be at
some upwind site for which cleanup is more important than the site
initially proposed for cleanup.

This report does not address the effects of mechanically-caused resus-
pension; only wind-caused resuspension is considered. The total release
flux caused by wind resuspension from a large contaminated area mey be
significant. However, mechanical resuspension from a localized source could
cause a muh higher local airborne concentration than would simple wind
resuspension. Mechanical resuspension releases large quantities of soil and
solids into the air. For instance, most people have seen dust clouds around
operating tractors. Effects of such mechanical resuspension should be con-
sidered in future research plans. While we kow that wind will cause resus-
pension, we do not kwow the effects of future possible mechanical opera-
tions in surface-contaminated area. |If surface-contaminated areas were
released to the public for farming or habitation, mechanical resuspension
and consequent inhalation would undoubtedly be the limiting hazard to people.

Transport of locally resuspended radionuclides can be described by
meteorological transport and diffusion equations if resuspension rates and
deposition velocities are avai 1able. Data from a local resuspension site
have been used to predict airborne radionuclide concentrations at the
Hanford Reservation boundary. (30) Measurements should be mede to validate
modd predictions and directly assess the effects of resuspension at
the boundary measurement site. In this case, air concentrations would be
sampled only when wind wes blowing from the plant toward the air samplers.

Similarly, air samplers would collect radioactive material when wind was
blowing from offsite directions toward the plant. Comparisons of concentra



tions from these two sets of air samplers would indicate whether airborne
effects of resuspension sites are measurable at the Hanford Reservation
boundary.
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