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AEROSOLIZED U AND Be FROM LASL DYNAMIC EXPERIMENTS

Summérx

At the request of OSD/ALO, the Los Alamos Scientific Labora-
tory conducted a field investigation to estimate the atmospheric
release of toxic metals due to dynamic experimental activities
at LASL. These dynamic experiments are routinely conducted on
LASL controlled areas. These experiments typically employ
conventional high explosives and may contain quantities of
potentially toxic metals including beryllium, lead, mercury, and
uranium.

The objective of the investigation was to determine the
fraction of the total mass of uranium and beryllium aerosolized
and transported in the debris cloud from each of three experiments
conducted in early November 1974. Up to that time it was assumed
the majority of the metals were aerosolized. The investigation
was conducted by LASL with aircraft sampling <upport from EPA/

Las Vegas.

Aerosolized uranium and beryllium concentration and size
distribution information was obtained by aircraft penetrations
through the debris cloud. Cloud size and trajectory information
were derived from photographic records taken from two orthogonally
located camera sites. The total material in each cloud was then
estimated using total cloud volume estimates, aircraft sample
volumes, and observed conceﬁtrations of uranium and beryllium.
This experimental technique is subject to significant uncertain-
ties arising from cloud sizing, material distribution in the
cloud, and aircraft penetration path. However, this approach
appeared to be the most feasible and straightforward way to
obtain a reasonable estimate of material contained in the debris
clouds.

Results indicated that approximately 10% of the total mass
of uranium and 2% of the beryllium were contained in the debris
clouds. The aircraft impactor data on aerosolized uranium
showed a log-normal distribution with an aerodynamic mass median

BOQ -‘861ﬁameters of 0.1 to 1 uym and standard geometric Vdeviations of



about 8 for the three experiments. Each of the three experiments
sampled were different in character and thus the results should
be reasonably representative of the spectrum of experiments
routinely conducted at LASL.

These experimental results were then used to estimate the
theoretical contribution of dynamic experimentation to atmos-
pheric concentrations of these metals for a typical year in
the Los Alamos environs. Annual atmospheric concentration esti-
mates were obtained using the measured aerosclized values and
through the use of a time-integrated version of the Gaussian puff
model. For calculation purposes the following assumptions were

made:
1. Initial cloud diameter and height of 100 meters

2. Average wind speed of 3 m/s
3. Equal probability of transport in all directions
4. Slightly unstable atmosphere.

The table below gives results on an annual basis:

ESTIMATES FOR 1976
Annual Avg. Conc. Applicable

Annual Percent (ng/m3) Standard
Element Usage (Kg) Aerosolized 4 km 8 km (ng/m3)
Uranium 1023 10 0.1 0.04 9000
(D~38)
Be 25.5 2 0.0007 0.0002 10
(30 day avg)
Hg 36.1 100* 0.05 0.02 None
Pb 18.6 100%* 0.02 0.08 None
Totals 0.17 0.068 10000 rfor total
*Assumed values. heavy
metals
N > 21

A national emission standard for Hg is 1 ug/m3 averaged over
one day. The time integ;ql'for a single experiment consuming the
total of 16.4 kg of Hg (1976 monthly maximum) is 0.8 ug—d/m3
(80% of standard) with the assumptions below:
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1. Neutral atmosphere,

2. Average wind speed + 2 m/s,

3. Downwind sampling distance = 4 km, and

4, Initial cloud diameter and height = 100 m.

While no standards exist for Pb the annual concentration average
at 4 km is about 5% of the amount expected from the resuspension
of continental dust.

Approximately 100,000 kilograms of uranium have been used
in dynamic experiments at LASL since 1943. The average yearly
use for the last 22 years is 2466 (o = 1309} kilograms. In
recent years use has dropped to approximately 1000 kg/yr.
Atmospheric uranium concentrations have been routinely measured
at LASL by a 26 station air sampling network. The spatial
average concentration for uranium in 1976 Qas 0.06 ng/m3. The
expected levels of uranium due to the resuspension of continental
dust is 0.08 ng/m3 (+ a factor of 2). Network sampling results
for airborne uranium (0.06 ng/m3 annual average) for 18976 are
reassuring because the aerosolization percentages and crude
dispersion model used do not underestimate dynamic experimenta-
tion contributions (calculational estimates ranged from 0.04-0.10
ng/m3).

Specific information about the experiments conducted and

computational analysis performed are contained in the attached

appendices.
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APPENDIX A

AIRCRAFT SAMPLING FOR URANIUM AND BERYLLIUM FROM LASL DYNAMIC
EXPERIMENTS

I. Introduction

The Los Alamos Scientific Laboratory is engaged in dynamic
experimentation. These experiments are conducted on LASL con-
trolled areas. The experiments typically employ conventional
high explosives and may contain quantities of potentially toxic
metals including beryllium, lead, mercury, and uranium. It
was the object of this investigation to determine the amounts
and nature of beryllium and uranium released to the atmosphere
as a consequence of such experimentation. Beryllium and
uranium were selected for several reasons. One, they are
commonly released elements of significant environmental in-
terest. Secondly, they display different chemical behavior:
uranium being chemically reactive and frequently pyrophoric,
whereas beryllium is more chemically inert and refractory.
Additionally, these elements have good analytical detectability.

IT. Sampling Technigues

Three dynamic experiments were sampled in early November
1974. Since the experiments disperse material into the atmos-
phere by way of a buoyant, explosive-products clcud, air samples
were collected by aircraft rather than by conventional ground-
based sampling. Although there is a considerable "wake" of
dust and debris blown out aleng the ground following a detona-
tion, the subsequent dust cloud was believed to be the major
source of atmospherically dispersed material. Aircraft samp-
ling was conducted by the Radiation Monitoring Branch of the
U.S. Environmental Protection Agency, National Environmental
Research Center, Las Vegas, NV using the EPA twin turbine Beech-
craft airplane. Aircraft sampling equipment included an on-
board high volume (hi-vol) air filtration system and a wing
mounted cascade impactor samplev for particulate size analysis.

The sampling probe for the hi-vol sampler consisted of
a tube extending from the nose of the craft to the sample col-
lection area located near the center of the plane. The air
flow of the hi-vol sampler was automatically maintained at a rate



of 4.8 £ 0.2 x 1.0_2 m3/s (102 CFM), a flow rate approximately

70% of an isokinetic sampling rate. Atmospheric aerosol
samples from the hi-vol sample were collected on 20-cm X 25-
cm, Whatman No. 41 cellulose filter paper. Rapid filter
changing capabilities permitted sequential hi-vol sampling.

The wing-mounted cascade impactor was of the hi-vol,
multistage, multislit design, incorporating five impaction
stages and a standard hi-vol backup filter. Particles were
collected on approximately l4-cm x l4-cm, parallel slit impaction
paper, also of Whatman No. 41 cellulose. For sub-micron
particles, a backup filter of 20-cm x 25-cm Whatman No. 41
was used. The sampling pod containing the cascade impaction
sampler had an aercdynamic flow whlch malntalned the impac-
tion sampling rate at 1.9 ¥ 0.1 x 10-2 m3/s (40 CFM) Zor the
aircraft sample collection speed. The impaction system was
designed for isokinetic aerosol sampling, and calibration
at one atmosphere and 298K gave the following parcticle =ize
cut-off diameters (in um) at 50% collection efficiency for
spherical particles of unit density: Stage 1, 8.2 and greater;
Stage 2, 3.5 to 8.2; Stage 3, 2.1 to 3.5; Stage 4, 1.0 to
2.1; Stage 5, 0.5 to 1.0; and Filter Stage, below 0.5.

IIY. Sampling Missions

The aircraft sampling missions were flown on two days

in November 1974. Experiment I, sampled during the afternoon of
the first day, contained uran1um—238 (D~38) and beryllium in
addition to stainless steel and other materials, prior to deton-
ation, the aircraft circled the firing point at a distance of
about 3 km. Radio communications were established between a
central ground observation point and the firing site, the aircraft,
and two ground photographic observation points. At detonation, the
aircraft began its first approach to the visible explosion cloud
with synchronized still photography commencing at the two photo-

graphic observation points. Standard 6-cm X 6-cm color posi-
tive slides were taken at 30-s intervals and at times of visi-
ble aircraft penetration through the cloud. A movie camera
also chronicled the event. Continuous tape recordings wsare
made of activities and communications at each of tlhe three
ground sites so that the data could be synchronized to a com-
mon time frame.

At 65 s after detonation, the aircraft made its first
penetration of the cloud at an altitude of approximately 122
m above the firing point. A total of five cloud penetrations
were made, the last of which was approximately 7.6 min after
detonation. Aircraft-cloud penetration data are presented in
Table I. The visibility of the dust cloud was greater from
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the vantage point of the aircraft than from the ground obser-
vation points. Thus, aircraft samples were taken even
though ground visual observation had been lost. Similarly,
photographic visual observations were inferior to aircraft
sighting.

On the second day, two experiments were sampled; Experi-
ment II in the morning and Experiment III in the afternoon.
The sequence of events for these mission paralleled that of
Experiment I. Pertinent aircraft sampling data are given in
Table I. Experiment II contained D-38 and beryllium; Experi-
ment III contained D-38.

* Following each penetration through a cloud, the hi-vol
filter was changed and packaged, providing an independent
sample for each penetration. Each hi-vol filter sample
represented a sampling period of approximately 0.5 min, al-
though unly a few seconds were actually spent traversing
the cloud. Preceding each shot, a "background" hi-vol
sample was taken which represented approximately 0.5 min
of sample collection of ambient air. The cascade impactor
remained open during the entire airborne mission, and inte-
grated size fractionated samples representing the composite
of all passes through a cloud were obtained.

IV, Analysis

The air filter samples were chemically analyzed for beryl-
lium and uranium by Group H-5. Filter samples were first wet
ashed to dryness with concentrated sulphuric and nitric acids
(and with H503 and HClO4 as needed). After dryness the sanm-
ples were brought to a standard volume of 10 mf with 0.1 N
H2S04. An aliquot of from 1. to 2 m¢ was used for the beryl-
lium analysis, performed with a Perkin-Elmer Model 303 Atomic
Absorption Spectrophctometer with nitrous oxide flame. From
the remainder of the sample solutions, a standard aliquot was
taken for uranium analysis. Dried uranium aliquouts were fused
with NaF and analyzed fluorometrically with a Jarrell Ash
Fluorometer. This instrument is insensitive to isotopic vari-
ations and measures only total uranium mass.

Table II gives the results of the chemical analyses of
the filter samples coliected during the sampling missions.
Errors associated with mass analyses are one standard devia-
tion (o). For the uranium analysis, a filter "blank"” value
of 0.9 ¢+ 0.6 ug/hi-vol filter and 0.3 * 0.2 ug/impactor fil-
ter was subtracted from the data. For beryllium, the filter
blank is below the level of detection, but the errors asso-
ciated with these values reflect the uncertainty of the blank
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value. The 20 95% confidence detection limit for beryllium
is 0.1 yugqg.

It is apparent from Table II that the levels of uran-
ium collected were much larger than the levels of beryllium.
This was expected since the experiments generally contain
several kg of D-38 and around one-half kg of beryllium. Note
that the beryllium data for Experiment III confirm the
absence of beryllium.

Photographic triangulation was used to determine cloud
size and location at 30-s synchronized intervals after det-
onation. An attempt was made to locate the camera sites
for orthogonal photographs. This was limited somewhat by
access restrictions and available viewing platforms. Zach
camera had a 6-cm x 6-cm (2-1/4 x 2-1/4 in.) format and a
150-mm lens focused at infinity. This resulted in a 3.78°
angular change per cm of movement on the film. In order
to maintain an absolute frame of reference, each photograph
shared some distinct topographical feature with the preceding
photograph to permit the cameras to be reaimed without lcsing
the absolute frame of reference. This was necessitated by
the rapid movement of the clouds.

Photographic analysis consisted of computing the azi-
muthal angle between the cloud center and alternate canera
site for each pair of frames. The two azimuthal angles were
then used to located a vertical line of azimuthal intersec-
tion. The elevation angle of cloud center for cach of the
frame pairs was used to compute a separate cloud height.
These two values were averaged and the result used as a cloud
center location. Angular data of cloud horizontal and ver-
tical width were then converted to length dimensions for
each paired frame. The resultant four width values were then
available for cloud volume estimation.

V. Results

In estimating the fraction of uranium and beryllium
aerosolized during a dynamic experiment, the following method-
Ology for hi-vol data was employed: (1) an estimate of the
cloud diameter at the time of aircraft sampling was obtained
from the photographs; (2) the volume of the cloud was cal-
culated assuming sphericity, (3) a sample collection tire
was determined given the true air speed of the aircraft and
and approximate diameter of the cloud, (4) of the total cloud
volume, the volume actually sampled by the aircraft was calcu-
lated from the aircraft collection time and the sample col-
lection rate, (5) an average uranium or beryllium concentra-
tion in the volume sampled was calculated, (6) a total uran-
ium or beryllium mass in the cloud at the time of sampling

-



was estimated, assuming the aircraft sample was representa-
tive of the entire cloud, and (7) the dispersed fraction of
the total mass of uranium or beryllium in the experiment
was calculated. The most uncertain aspects of these deter-
minations were estimating the cloud diameter and the assump-
tion of cloud sphericity.

The cloud diameters at time of penetration are presented
in Table III; diameter uncertainties were approximately 20%.
Upon calculation of a spherical cloud vclume, errors from
50% to 100% were propagated. There was essentially no ground
visual cloud observation for aircraft passes three through
five of Experiment I, two and three of Experiment II, and two
through four of Experiment III, because of dispersion. Conse-
quently, estimates of an equivalent cloud diameter and diameter
error were established from systematic extrapolation of cloud ex-
pansion based on photographic cloud size data. From the
photographs and triangulational measurements, it was possible
to trace the vertical and horizontal movement of the "center"
of the clouds. The actual shapes of the clouds, and varia-
tions in dust density within the clouds. were undeterminable
with photographic evidence from ground observation points.
It was apparent from the photographs anrd ground observations
that the clouds dispersed somewhat rancdomly with a tendency
toward an elongated, oblate shape. It is obvious that the
aircraft was unable to fly directly through the centroid of
the cloud. 1In order to compensate for the lack of knowledge
of the true shape of the cloud, and the non-central penetra-
tion by the aircraft, an equivalent "diameter" of the cloud
was determined by averaging the vertical and horizontal widths
established from triangulation measurements. The standard
deviation of these four measurements was then used as the
conservative error of the equivalent cloud diameter. Sample
collection times were determined by dividing the equivalent
cloud diameter by the true air speed. In order to further
compensate for cloud shape and penetration representativeness
uncertainties, conservative errors of from 100% tn 300% were
assumed for aircraft sample collection times for passes where
the cloud size was estimated from systematics.

Table IXI verifies the intuitively obvious notion that
for later aircraft passes through a cloud, the amount of use-
ful information obtained diminishes. For pass five of Experi-
ment I, for example, the element concentrations in the fraction
of the cloud sampled dropped erratically, apparently as a result
of .poor visibility, poorly defined cloud shape, and nonrepre-
sentative samples. Passes two and three of Experiment II and
passes three and four of Experiment III also appear to be non-
representative samples. Interpretation of data from these
passes was therefore avoided.

-5=-
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In order to determine the fraction of uranium and beryllium
which was aerosolized and suspended in the cloud, the amounts
of these elements prior to detonation were needed. Table IV
gives the quantity of D-38 and beryllium used in the experiments.

Despite the large errors associated with the mass of
uranium and beryllium in the clouds (columns 9 and 10 of
Table III), these values are relatively small percentages
(columns 11 and 12) of the total element mass available for
dispersion. For Experiment I (excluding the nonrepresentative
pass 5), integrating samples from passes one through four
gives 314 * 31 ug of uranium and 2.63 * 0.14 pg of beryllium
collected from a cumulative cloud fraction of 26 % 13 x 10-8,
Assuming these are representative samples, a total of 1.2 %
0.6 kg.of uranium and.1l0 * 5 g of beryllium were then dispersed,
or 10 *+ 5% and 1.6 * 0.8%, respuctively, of the initial amounts.

For Experiment II, only the first pass can be trusted, and
it was calculated that the cloud contained 0.13 * 0.10 kg of
uranium and 9 * 7 g of beryllium. This corresponds to 3 £
2% and 1.9 * 1.5%, respectively, of the initial amounts of
uranium and beryllium in the device. Passes one and two of
Experiment III were composited to establish a total uranium
mass in the cloud of 0.31 * 0.27 kg which represents 12 £ 10%
of the total D-38 in the device. There was no beryllium in
Experiment III as the chemical analyses corroborate. The
maximum limit of beryllium resuspended in the cloud by the
explosion was 1 g.

An estimate of the elemental component of the particle
size distributions was obtained from the hi-vol impactor sam-
ples. Detectable quantities of uranium were collected on
nearly all impaction stages for each test shot (see Table II).
These data are represented in Fig. 1 as cumulative distribution
plots using the aerodynamic diameter particle size and uranium
mass. The aerodynamic diameter is the size of a unit density
aerosol particle with inertial characteristics equivalent to
the particle actually collected. Because of the density differ-
ence, the aerodynamic diameter of a uranium particle is larger
than the real diameter. Aerodynamic diameter is generally used
because of its greater significance in inhalation/ingestion
studies. The activity median aerodynamic diameters AMAD (the
aerodynamic diameter for which half of the uranium mass is above
and half is below) for Experiment II and III are 1 um and 0.9 um,
respectively. As is evident from their relatively straight
curves, Experiment II and III demonstrate a characteristic
log-normal size distribution. The standard geometric deviations
og for these log-normal distributions are approximately 8,
indicative of a highly skewed particle size distribution. The
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size distribution plot of Experiment I is less amenable to a
log-normal treatment but clearly demonstrates a wide range of
particle sizes. The AMAD for Experiment I was not measurable
but can be estimated at 0.1 um or less. Analogous particle
size distribution plots for beryllium were not made because

of detection limitations. Nevertheless, the data of Table II
indicate that the most significant fraction of the atmospheric
beryllium had an aerodynamic diameter of less than 0.5 um.

In conclusion, for the experiments studied, the percent
of uranium (D-38) dispersed in the detonation cloud was
approximately 10%. For beryllium, the percent dispersed
was approximately 2%. Furthermore, the uranium particle size
distribution of these dispersed aerosols is approximately
log-normal with mass median diameters in the range 0.1 to 1 ym
and standard geometric deviations of about 8.

66071613



TABLE T

AIRCRAFT SAMPLING MISSION DATA

Experiment I: PM

Cloud Time Elevation True Visual
Sampling After Above Air - Clarity
Pass detonation(s) firing point(m) speed (m/s) of cloud
1 65 122 67 Good
2 145 104 67 Fair
3 225 137 67 Poor
4 300 137 67 Very PoorT
5 455 229 67 None

Experiment II: AM

1 8S 159 75 Fair
2 1€5S 214 76 Poor
3 270 217 78 Very Poor

Experiment III: PM

1 S0 107 72 Fair
2 120 107 69 Poor
3 185 168 70 Very Poor
4 255 183 70 Nonc



TABLE 11

CHEMICAL ANALYSIS OF AIR FILTER SAMPLES

Filter Identification Beryllium Uranium

Mass Mass
Experiment Type Collected (ug) Colleccted (ug)

1 Background Hi-Vol <0.1 0.2+0.03

1 -1st penetration Hi-Vol 1.64+0.07 206 t 30

I 2nd penctration Hi-Vol 0.39£0.07 42.2#+3.1

I 3rd penetration Hi-Vol 0.32+0.07 37.5£3.1

I 4th penetration Hi-Vol 0.2840.07 27.9%3.1

I Sth penetration Hi-Vol <0.1 8.7%0.7

I st Stage Impactor <0.1 7.6%0.4

I 2nd Stage Impactor “<0.1 9.7+0.4

1 3rd Stage Impactor <0.1 6.1%+0.4

I 4th Stage Impactor <0.1 4,9+0.4

I Sth Stage Impactor 0.12x0.07 2.4%0.4

I Backup Impactor Filter 0.44%0.07 48.8%6.0

11 Background Hi-Vol <0.1 1.1£0.03
Il lst Penetration di-Vol 1.80£0.07 25.5%3.1
I 2nd Penetration Hi-Vol 0.3720.07 1.520.7
IT 3rd Penetration H-Vol <0.1 5.0%0.7
Il 1st Stage Impactor <0.1 6.3+0.4
Il 2nd Stage Impactor <0.1 5.7%0.4
11 Ird Stage Impactor <g.1 4,2+0.4
¢ 4th Stage Impactor <0.1 5.2+0.4
I S5th Stage Impactor <0.1 4,4+0.4
II Backup Impactor Filter 0.2420.07 17.4%0.4

111 Background Hi-Vol <0.1 1.340.03
111 I1st Penetration Hi-Vol <0.1 57.123.1
I11 2nd Pcnetration Hi-Vol <0.1 15.120.7
111 3rd Penetration Hi-Yol <0.1 0.1+0.6
111 4th Penetration Hi-Vol <0.1 0.340.6
111 Ist Stage Impactor <0.1 3.3%0.4
ITI 2nd Stage Impactor . <0.1 3.320.4
111 3rd Stage Impactor <0.1 2.4%0.4
111 4th Stage Impactor . <0.1 2.140.4
111 Sth Stage Impactor. <0.1 2.5%0.4
11X Backup Impactor Filter <0.1 9.4%0.4
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TABLE IV

BERYLLIUM AND D-38 IN EXPERIMENTS

Expériment I

Experiment II

Experiment IIT

AERODYNAMIC DIAMETER,D (pm)

Mass of Element
in Experiments

(kg)
Be D-38
0.61 12.3
0.48 4.1
- 2.5
i T T ] T T T T 1 {
10} -
1.0 -
2 ] EXPl I
o ExP, I
A EXP, 111
o| 5 1 ! l 1 1 3 1 ] 1
{0 20 30 40506070 €O SO <5 98
CUMULATIVE PERCENT OF URANIUM
' MASS LESS THAN D
1. Uranium particle size distributions.
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APPENDIX B

IMPLICATIONS OF AIRCRAFT SAMPLING FOR URNAIUM AND BERYLLIUM FROM LASL
DYNAMIC EXPERIMENTS

I. INTRODUCTION

Appendix A contains the details of a study to determine the percent
of uranium and beryllium carried aloft by the dust cloud from dynamic
experiments at LASL. From this study, we obtained a qualitative
description of the nature of an explosives products cloud, and we have
an estimate of an atmospheric dispersion factor for two important
species, uranium and beryllium. Given this albeit limited "source term"
information, we can now make some etianatss of atmospheric dispersion
from these operations for potentially harmful elements.

IT. DISPERSION MODEL

We employ here the modified Sutton equation for Gaussian
diffusion as proposed by Turnerl for instantaneous sources:

Q 2 [ 2 2]
332 exp |-1/2 X&Ut exp |-1/2 (cf{ | exp [-1/2 Z ,
(27) cx cy oz \ b4 vz y ]

\

. . . 3
where X is the concentration in mass/m”,

z = 0 = ground level, Q. is the total mass of the element of interest
which is present in the "puff', H is the effective height in meters
of release of the puff (i.e., the height at which the puff ceases
to be super-buovant), u is the wind speed in m/s, t is the time after
release, and the os are empirical Caussian dispersion parameters {(which
are different from those used for the dispersion estimates of a con-
tinuous source). Our findings of activity mean aerodynamic diameter
values of %1 um for uranium and beryllium in the dispersion clouds
permit treatment of these elements as gasses.

Fig. 1 shows cloud diameter as a function of time, and Fig. 2
gives the relation of cloud height and time after detonation for tne three

1D. B. Turner, "Workbook of Atmospheric Dispersion Estimates", U. S.

Dept. llealth, Education, and Welfare, Public Health Service Publi-
cation No. 999-AP-2, revised 1969.
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experiments studied. It is apparent. from these curves that there is an
initial rapid increase in cloud diameter and height which is a
function of its heat and buoyancy factors. After a few minutes,
however, the puff becomes somewhat stabilized, and normal dispersion
factors begin to take affect. For these dispersion estimates, then,
we can consider a puff at time t = O (= detonation time) with diamecter
D and height H. A program has been written for the calculation of
xmax(x,0,0;H) using the above equation. The values of XT X(x,O,O;H)
are for maximum concentration, i.e., when t = x/u along fit wind
direction axis where y = 0. In this program, initial dimensions of
the puff are used to extrapolate an up-wind "virtual" point source

for the puff. The virtual source location increases in the upwind
direction for increasing initial diameter of the puff. Estimations
of dispersion parameters {or a quasi-instantanous source, taken from
Sladez, are as follows:

Meteorological x = 100 m x = 4 km

condition o o o o

— - z J_ 2z

unstable 10 15 300 220

neutral 4 3.8 - 120 50

very stable 1.3 0.75 35S 7
We have used a standard power function o = AyB to fit these points
in order to obtain interpolated and extrapolated values of g, and J_.
Also, it is assumed that = ¢ . Consequently this model becomes

less valid for distances g%eate% than =10 km.

Plots of /Q.. obtained from the program are shown in Figs.
3 and 4 (the com%ﬁter graphics routine is responsible for the
slightly irregular shape of the dashed curve of Fig. 4). From
Figs. 1 and 2 it is reasonable to assume an initial puff diameter
of between 100 and 200 m and an initial height also between 100 and
200 m. Fig. 3 is for a puff with initial height and diameter equal
to 100 m, and for Fig. 4, the initial height and diameter are 200
and 100 m, respectively. 1In Fig. 4 the curve for x___/Q. under stable
conditions is not given because it would be off scald for regions
where the model i ic . v 20 km, the value of /Qn is
i 10'29/m3, is applicable For 20 k Xmax T

APPLICATION TO RELEASE OF D-38

Applying this model to the release of uranium (D-38) in an
explosives products cloud, we can estimate a time average off-site
concentration. For a location directly down wind from the source,

the time integral of the concentration can be approximated by
o0

1/2
Jx(x,0,0;H)dt = X0 (50,051 _(31)__“__{:5 ; where x__ (x,0,0;H)
O - .
2

D, H. Slade, Ed., '"Meteorology and Atomic Energy - 1968", U.S. Atomic
Energy Commission, 1968, :
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is the maximum concentration, i.e., for time t = x/u. An average
distance from the firing points to populated off-site areas is
about 8 km, whereas 4 km is approximately the minimum distance to
populated off-site areas. For a distance of 8 km, considering the
worst meteorological condition (neutral condition, Pasquill category
-D) for the dispersion of a puff with the conservative initial
diameter and height of 100 m, a /Qn of 1.2 x 10-8 m-3 is
expected. For a typical D-38 Q Value'of 1 kg as observed in

the aircraft sampling study, ang a wind speed of 2 m/s, the
maximum concentration would be 12 ug/ms, and the time integral

of the puff would be 3.8 x 10-3 g-s/m3. When averaged over the
period of a month, the average concentration from this release
would be 1.5 ng/m3.

For a distance of 4 km from the source to a populated area, a
neutral meteorological condition is again most restrictive. The
approximate Xpax and time integral for the above incident at a
distance of 4"Eh are 24 pg/m3 and 4.2 x 10-3 g-s/m3, respectively.

- Most of the dynamic experiments conducted at the LASL firing

points are betwecn the hours 10 AM and 4 PM. !Mence a slightly unstable
meteorological condition (Pasquill category C) with wind speed

around 3 m/s could be considered as a conservative dispersion condition.
For 1974, the total D-38 used in the shots was 1020 kg, and based

on the aircraft sampling study, about 1/10 of this was released to

the atmosphere via the puffs. An annual average D-38 concentration

at a distance of 8 km would then be 0.04 ng/m> (using an equi-
directional wind dilution factor of (2?)1/20y/2nx). For a distance

of 4 km, the annual average for the same conditions would be 0.1 ng/m>.
(Using a conservative average meteorological condition

of neutral with a wind speed of 2 m/s, the annual average D-38 con-
centration at 8 km and ¢ km are 0.15 and 0.2 ng/m3, respectively.)

The 1974 annual average uranium concentrations observed in the
air monitoring network ranged from 0.04 (+*20 = 0.02) to 0.15 giZO = 0.04)
ng/m3. The spatial average concentration was about 0.09 ng/m” which is
approximately equal to the expected uranium concentration of 0.08 ng/m
(+ a factor of 2) resulting from the resuspension of continental dust.
(For a given release incident, the air sampling network may '"miss" the
puff, but it is believed that the annual average data adequately represent
the real atmosphere being sampled.) Thus, it would seem that the model
is applicable, in that it does not undercstimate expected concentrations.
It is reasonable to deduce that annual average D-38 concentrations in the
LASL environs resulting -from diagnostic test operations are in the range
0.001 to 0.1 ng/m3 with tygical off-site maximum episodic concentrations

in the range 1 to 100 ug/m>.
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ITI. APPLICATION TO RELEASE OF BERYLLIUM

The 1974 annual diagnostic tests usage of Be was about 14 kg.
We observed about 10 g (2%) of the initial mass of Be to be aerosolized
in the puffs studied. Applying the assumptions used in the D-38
calculations, we can then estimate maxlmum episodic Be concentrations
at 4 and 8 km to be 0.2 and 0.1 ug/m , respectively. Annual average
off-site_Be concentrations at 4 and 8 km are approximately 0.4 and
0.1 pg/m3, respectively. These concentrations incorporate the 2%
atmospheric-dispersion factor, but if this factor is significantly
different for the annual average rzlease, then the above con-
centrations would have to be appropriately corrected.

National Emission Standards for stationary Be sources may
not apply to these tests, but the res*rirtion of 10g/d is probably
being exceeded, even though the 30-d average concentrations limit
of 0.01 pg/m3 is apparently satisfied. The National Emission
Standard for Be from rocket motor firing is 75 ug-min/m® accumulated
during any two-week period. A tvplcal off-site (4 'km downwlnd)
episodic Be concentration integral is about 0.2 ug-min/m® and hence
this standard is apparently being met.

Iv. FURTHER CONSIDERATIONS

Other metals of interest which are released to the atmosphere
by diagnostic tests are mercury, lead, and antimony. The 1974
annual usage for these elements, and for D-38 and Be, is shown in
Table I. Applying similar arguments to the release of these elements,
calculated annual average and cpisodic concentrations are shown in
Table I. In the absence of experimental information, we assume
atmospheric dispersion factors of 100% for Pb Hg, and Sb. The
National Emission Standard for Hg of 1 ug/m averaged over one
day is apparently not being violated since a worst-case (neutral
meteorological condition, u = 2 m/s, x = 4 km, cloud height = diamcter =
100 m, mass = 1 kg Hg) episodic concentration time integrel is about
0.05 ug-d/m As there are no applicable emission standards for
Pb and Sb, the calculated arnu-l average Pb and Sb concenirations 3
should be compared to the expected amb1ent concentrations of 0.4 ng/m”~ and
6 pg/m3, respectively, resulting from the resuspension of continental

dust. There is a New Mexico Standard for ambient a§r restricting total
combined heavy metals (N > 21) to less than 10 ug/m”.

It should be remembercd that the model employed in these
determinations is at best qualitative. The atmospheric dispersion
of contaminants in complex terrain in all probability has scant
resemblance to dispersion estimated with the Gaussian puff model.
These estimates could thercfore be erroneous by as much as one or
possibly two orders of magnitude. However, for atmospheric uranium,
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the only element for which we have atmospheric elemental concentration
data, it appears that the model has not underestimated expected off-site

concentrations resulting from dynamic experiments,

In a recent mceting with A. J. Toy of LLL, a further complication
concerning the atmospheric dispersion of D-38 was revealed. Moving
pictures of weapons test shots taken at LLL's Site 300 indicated
that shrapnel D-38 could be a significant source of aerosolized
uranium. Upon explosion, ignited pieces of what were undoubtedly
D-38 were dispersed, some of which dramatically disintegrated by
a "star burst" in mid air. Such asrosolized uranium would in
general not be observed by our aircraft sampling missions. Con-
ceivably, this secondary, pyrogenic source of uranium aerosol could
be as important as the initial blast. Our "source term" for aerusoi-
ized uranium dces not consider this secondary mechanism. Nevertheless,
our aerosolization factor of =10% cannot be erroneous bty more than
a factor of ten, and this error is probably less than that which
is inherent in the meteorological dispersion assumptions.

TABLE 1

CALCULATED ATMOSPHERIC CONCENTRATIONS OF ELEMENTS USED IN LASL DYNAMIC
EXPERIMENTS (1974 DATA)

1974

1 Annual Annual Avg. Max Episodic Annual Avg. Hax.’[pisodic

Element Usage Conc. at 4 km Conc.” at 2 km Conc. at 3 km Conc.” at 3 knm
(kg) {ng/m->) (mg/m>) {ne/n>) (mg/m>)

D-38: 1020 0.1 0.02 0.04 0.01
Be 14 0.0004 0.0002 0.0001] 0.0001
Hg 11 0.02 0.02 0.005 0.01
Pb 39 0.05 0.02 0.02 0.61
Sb 0.2 0.0005 0.005 0.0001 0.003

lThe atmospheric dispersion factors for D-38, Be, Hg, Pb, and Sb are
2ssumed to be 10%, 2%, 100%, 100%, and 100%, respectively.

2Thc total episodic relcases for D-38, Be, He, Pb, and Sb are assumed
to be 1, 0.01, 1, 1, and 0.2 k;, respectively.
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CLOUD DIAMETERS FOR EXPERIMENTS
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CLOUD HEIGHTS FOR EXPERIMENTS
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X/QT (1/CUBIC METERS)
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