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ARROSOLIZED U AND Be TROM LASL DYNAMIC EXPERIMENTS

Summur!

At the request of OSD/ALO, the Los Alamos Scientific Labora-
tory conducted a field i{nvestigation to estimate the stmospheric
release of toxic metals due to dynamic experimental activities
st LATL. These dynamic experiments are routinely conducted on
LASL controlled areas. These experiments typically employ
conventional high explosives an4d may contain quantities of
potentially toxic metals inclucing beryliium, lead, mercury, and
uranium.

The objective of the investigation was to determine the
fraction of the total mass of uranium and beryllium serosolized
and transported in the debris cloud from each of three experiments
conducted in sarly November 1974, Up to that time it was assumed
the majority of the metals wore se-osolized. The investigation

was conducted by LASL with asircra:. sampling support from EPA/
Las Vegas.

Aerosclized uranium and bsryllium concentration and size
Aistribution information was obtained by aircraft penetrations
through the debris cloud., <Cloud size and trajzactory information
were derived from photographic recorédi ceken .um two orthogonally
located camera sites. The total material in each cloud was then
estimated using total cloud volume estimates, aircraft sample
volumes, and obsarved concentrations of ursnium and beryllium.
This experimental technique is subject to significant uncertain-
ties arising from cloud sizing, material distribution {7 the
cloud, and aircraft penetration path. However, this approach
appearsd to be the most feasible and straightforvard way to
obtain @ reasonable estimate of material contained in the debris
clouda.

Results indicated that approximately 10t of the total mass
of uranium and 2% of the beryllium were contained in the debris
clouds. The aircraft impactor data on asrosoclized uranium
showed a log-normal distribution with an serodynamic mass median
diameters of 0.1 to 1 um and standard geometric deviations of
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about 8 for the three experiments. Each of the three experiments
sacpled wvere different in character and thus the results should
be ressonadbly representative of the spectrum of experiments
routinely conducted at LASL.
Thess experimental results were then used to estimste the
theoretical contribution of dynamic experimentation to atmos~
pheric concentrations of these metala for a typical year in

the lLos Alamos edvirons.

Annual atmospheric concentration esti-

gates were obtained using -he measured gercsclized values and
through the use of & time-inteqrated versmion ¢f the Gaussian puff
model. For calculation purposes the following assumptions were

made:

1. Inftial cloud diameter and height of 130 meters
2. Average wind speed of )} m/s

3. Egual probabllity of transpert in all Qirections
‘. Slightly unstable atmosphere.

The table below gives results on an annual basis:

E4TIMATES FCR 1§76

Annual
Eloment  Usage(Xg)
Uranium 3102)
(D-38)
be 25.8
Hg 36.1
-] 1%.6

YAssumed values,

snual Avg Conc. Applicable

Percent ‘ag/md) Standard
serorolized 4.Xm 8 km (ng/m3}
0 U.l 0.04 3000
b 0.0007 0.0002 10
(30 day avg)
100¢ 0.05 0.02 None
100* 0.02 0.08 None
Totais 0.17 0.068 10000 [For total
heavy
metals
N 21

A national emission standard for Mg is ] ug/m3 averaged over
one day. The time integral for e single ~»periment consuming the
total of 16.4 kg of Hg {1976 monthly maximum’) is 0.8 L?'d/ms
(80% of standard) with the assumptions below:
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1. HNeutral stmosphere,

2. Average wind speed + 3 m/s,

3. Downwind sampling distance = & km, and

4. Initial cloud dismeter and height = 100 m,

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

Approximately 100,000 kilograms of uranium have been used
in dynamic experiments &t LASL since 1943. The aversge yearly
use for the last 22 resrs is 2466 (o = 130%) kilograms. In
recent vears use has dropped to approximately 1009 kg/yr.
Atmespheric uranium concentrations have been routinely measured
at LASL by & 26 station air sampling network, The spatial
average concentration for uranium in 1976 was 0.06 nq/m . The
expected levels of uranium dus to the resuspension of continental
dust i 0.08 nq/m3 (¢ & factor of 2). ‘Network sampling results
for airborne urenium (D.06 ng/m3 annual average) for 1976 are
realsuring because the aeroscolization percentages and crude
’ dx;perlion model vued do not undercltimato dynamic experimenta-
tion contributienl (cal:ulll*anal edtimates ranged from 0.04-0.10
ng/m’) . .

$pecific inforr %i:w»:¥~vt»“‘a;cxpeiiments’condibted 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 Introdu:  .on

The Los Alamos Scientific Laboratory is engaged in dyraric
experimentation., These experiments are conducted on LASL con-
trolled acreas. 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 deternine the amounts
and nature of beryllium and uranium released to the atmosphere
as a consequence cf guch experimentation. Berylliun and
uranium were selected for several reasons. One, they are
commonly released elements of significant environmenstal in-
terest. Secondly, they display different chenical beravior:
uranium being chemically reactive and freguently pyrerheric,
wheread *». ' J.um {s mote chemically inert and refraccory.
Additis-liv, thes. ‘lexna2nts have good analyzical detectability.

1I. _Sampling Techniques

Three dyna.... . iperimen:; were sampled in early Novermber
1974. Since the experiments disperse material ints the atros-
phere by way of a buoyant, explosive-products cloud, air sancles
were collected by sircraft rather than by conventional ground-
based sampling. Although there is a considerable “wake™ of
8ust and dedbris blown out along the ground followinc a detona-
tion, the subsequent dust cloud was believed to be the major
source of atmospherically dispersed material. Aircraft sarpe
ling was conducted by the Radiation Monitoring Branch of the
U.8. Environmental Protection Agency, Naticnal Environmental
Research Center, Las Vegas, NV using the EPA twin turbine Beech-
craft airplane. Aircraft sampling equipment included an con-
board high volume (hi-vol) atr filtration system and a wing
mounted cascade impactor sampler for particulate size analysis.

The sampling probe for the hi-vol mampler consisted of
e tube extending from the nose of the craft to the sample ¢ol-
lection area located near the center of the plane. The air
flow of the hi-vol sampler was automatically maintained at a rate
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of ¢.8 ¥ 0.2 x 10‘2 n’/a (102 CYM}, & flow rate approximately
708 of an isokinetic sampling rate. Atmospheric acroscl
sarples from the hi-vel sample were collected on 20-cm x 25-
cm, Whatman No. 41 cellulose filter paper. Razid filter
changing cspabilities permitted segucntial hi-w¢l sarmpling.

The winge-mounted cascade impactor was of the hi-vel,
myltistage, multislit design, incorporating five impactisn
stages and & atandard hi-vol backup filter., Parzicles wove
collected on approximately lé-cm x lé-cm, parallcl si:it impaczion
paper, alsc of Whatnan No. 41 cellulose, For suibenicresn
particles, e backup filter of 20-cm x 25~cm Whiiman N2, J1
was vsed. The sampling pod containing the ¢cascade incaction
sampler had an aerodynamic flow which nagntaiaeﬁ the imcace
tien s apling rate at 1.9 ¥ 0.1 x 10-2 mi/g (43 CF4) for che
sircra.: sample collection speed, The :mpacticn systom was
designed for isokinetic aercsol sampling, and cslibras:is:s
at on¢ atmosphere and 298K gave the following parsicle e
cut-off diameters (in um) at 50\ collectien efficienc, ¢
spherical particles ¢f unit density: Stage 1, 8.2 and or
Stage 2, 3.5 to RA,2; Stage 3, 2.1 to 3.5; Stage 4, 1.0t
2.1; Stage 5, 0.5 to 1.0; and Filter Stage, below 0.5.

3131. Sampling Missions o

The aircrafe sampling missions were flown on two davs
in November 1974. Experiment I, sampled during the s“ternoon of
the Jirst day, contained uranium-238 {D-18) and berylliu~ in -
addition to stainless steel and other materizls, prier to deton=
stion, the aircra./t circled the firing point a: a distanc: of
about 3 ki, Radioc comnunications were established betweer a
central ground observition point and the firing site, the aircraft,
and twu . d plotuygraphic observation peints. At detonation, the
sircraft Logan $ts f£i.,3t approach to the visible explosion cloud
with synchronized still photography commencinz at the two photo-
graphic observation peints. Standard 6-cm x &~gi coler posi-
tive slides were taken at 30-s intervals and a: times ¢f visi-
ble aircraft penetration through the cicud, A =cavie ca=»ra )
alse chronicled the svent. Continuous tape rerpréings wire
made of activities and communijcations at each ¢f tue three
ground sites 2o that the data could be synchronized to a com=
aon time frame.

At €5 5 after detonation, the aircraft made its first
penctration of the cloud at an altitude of approximately 122
® above the firing point, A total of five elouc penctrations
were made, the last of which was approximately 7.6 min after
detonation, Aircraft cloud penetration data are presented in
Table 1. The visibility of the dust cloud was greater from




the vantage point of the aircraft than from the ground obser-
vation points, Thus, sircraft samplcs were taken even

though ground visual observetion had been lcst. Similarly,
photographic visual observations were inferior to aircralt
sighting.

On the sccond day, two experiments were sampled: Experi-
sent 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 131 contained D-238.

- Following sach penetration through a cleud, the hievol
‘4ilter was changed and packaged, providing #n indegperndent
sanple for each penctration. Eaeh hi-vol filter sanmple
represented a sampling peried of approximately 0.5 min, al-
though vnly & few seconds were actually spent traversing
the cloud. Preceding each shot, a "backgreund” hi-veol
sample was takan which represcrted arproximately 0.5 min
of sanple colleccion of ambient air. The cascace inmgacier
remained open during the entire airforne mission, and inte-
grated size fractionated sampies representing the cimposite
of all passes through a cloud were cbtained,

IV. Aha.ysis

The air fiiter samples were chemically analyzed for beryl-
liwm and uranium by Group K=$. Filter samples were first wet
ashed to dryness with concentrated sulrhuric and nieric ac:is
(and with H,02 and HClQ4 as needed), Alter dryness the sam=
Pl = =2re broughy to a standard volume of 10 = with Q.1 X
H230- An aliquot of from 1, to 2 ml wa3 used fer the boryle
lium analysis, performed with a PerxineElmer Molel 303 Atonic
Absorption Spectrophetometer with nitrous oxide fiams. Trem
the remainder of the sample solutions, a standard a.:3udt wis
taken for uranium anslysir. Cried uramium al:gueois wore fusec
with NaF and analyzed Zluoronctrically with a Jarrell Ash
Pluorometer, This instrument .8 inpensitive to 1$O0tC:ZIT varis
ations and measures only total uranium mass,

Table 1 gives the results of the chemical analyscs of
the filter samples collected during the samplinz nissicns.
Errors associated with mass analyses are cne standard dovia-
tion (0). For the uranium analysis, a filter “blank® value
of 0.9 ¢ 0.6 ug/hi-vel filter and 0.3 : 0.2 ug/impactor fil-
ter was subtracted from the data. For beryllium, the filter
blank {s below the level of dctection, but the crrors uss0-
clsted with these values reflect the uncerzainty of the blank
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value. The 20 95 confidence detection limit for beryllium
is 0.1 ug.

It is apparent from Table Il that the levels of uran-
jum collected were much larger than the levels of beryllium.
This was cxpected since the experiments generally contain
several x3 of D-18 and arcund one-half kg of beryllium. Note
that the beryliium data for Experiment I1II confirm the
absence of berylliunm.

Photographic triangulatisn was used to deterrine clcud
size and lccation at 30-3 synchronized intervals afcer dgt-
onation. An attempt was made to locate the camera sites
for orthogonal photograpiis. This was limited somuwhas by
sccess restrictions and available viewing placforms., Zach
camera had a 6-cm x 6=cn (2-1/4 x 2-1/4 in.) Zforrma: and 2
150-mm lens focused &t infinity This resulted in a 3,78°
angular change per cm of movenent on the film, In order
to maintain an absolute frame of reference, each shatecgrach
shared sore distinct topographical feature with the sreceding
photograph to ;- rmit the caveras tc be reaimel withzut losing
the absolute fr:-e of reference. This vas necessizated by
th.> rapid movenent of the clouds.

Photogrernic analysis consisted of computing the azi-
muthal angle bntween the cloud center and alterrate carera
site for each pair ¢f frames. The two azimutZal anglies were
then used to located a vertical line of azimuthal intercec-
tion. The elavation angle of cloud center for cach ¢ the
frame pairs ‘«as used to compute a separate ¢lzud heizht,
Yoo vvy veines were averaged and tlhe result u$0C as & <
seuter locativn. Angular data of cloud horizumzal and ve
tical width were then converted to length dimensicns Ior
each paired frame, The resulsant four width walucs woere tnen
available for cloud volume estimation.

V. Results

In estimating the fractior of uranium and beryllium
aerosolized during a dynatdc e riment, the foliowin: method-

ology for hi-veol data was empleoyed: (1) an estimate ¢f the
cloud diamcter at the time of aircraft sanpling was cttained
from the photographs, (2) the volume of the ¢loud was cal-
culated assuming sphericity, (3) a sample collecticn tine
was determined given the true air gpecd ©f the aircract and
and approximate diameter of the cloud, (4] of the total cloud
volume, the volume actuslly sampled by the aircraft was csalcu-
Jated from the aircraft cellection time and the samplec col-
lection rate, (5) an aversge uranium or berylliur concentras
tion in the volume sample? was calculated, (6) a tota: uran-
fum or beryllium mass ir ~he cloud at the time of sampling
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wap estimated, assuming the aircreft sample was represerrtas
tive of the entire cloud, and (7} the ¢isperscsd fractior of
the total mass of uranium or beryllium in the erporiment
was ca2lculated. The most uncertein asgests of these dotore
minations wecre estimating the cloud diameter ard the assu-¢-
tion of cloud sphericity.

The cloud diameters at time of penetratiorn sre precorred
in Table III; diameter uncertainties were spgroci~azely 2%,
Upon calculation of & sphericel cloud vilume, crears fre-
S0V to 100% were propagated, There was essentially no cr-.nd
visual cloud observation for aircraft casses throe threusy,
five of Experiment I, two and three of Experiment 1!, and two

through four of Experiment III, because of dispers:on., Conse-
quently, estimates of an equivalent cloud diameter and dia~cter

error were established from systematic extrapolatichn of cloud ex=

pansion based on photographic cloud size data, From the
photographs and triangulational measurcrents, it was possicle
to trace the vertical and horizontal movement of the “cenzer®
of the clouds. The actual shapes of the clouds, a=2 var.a-~
tions in dust density within the clouds, were unieterminzile
with pheotographic evidence from ground oitservat:orn meinss.
It was sprarent from the photographs arn2 ground ctcervat:osns
that the clouds dispersed somewhat randemly wiih & tendency
toward an elongated, oblate shape. 1t s obvious “hat the
aircraft was unable to fly directly through the centroid cf
the cloud, 1In order to compensate for the lack of knowledsce
of the true shaje of the cleud, and the nor-central penetra=
tion by the sircraft, an eguivalent “diamezer” zf the cloud
was 3:.ermined by averascing the vertical end horizontal wiiths
2stablished from triangulation measurcrents. The standard
<¥3c ‘uh of these four measurcments was then uscd as the
conscrvative error of the equivalent cloud Ziamgier.  Samplc
collection times werc determired by cividing the ezursalen:
cloud diameter by the true air specd. In ordor to further
compensate for cloud shape and penetration CEPros$2nidIiiveorcss
uncertainties, conscrvative errors of ‘ror 100% ¢4 303% wera
assumed for sivrcraft sample collection tircs for pesses where
the cloud size was estinated from systamat:iss.

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




AL L P TR T et . I8

]
b7

iy i

3

R

e
ey

In order to determine the fraction ef uranium and beryliium
which was aerosolized and suspended in the ¢loud,. the amounts
of these elements pricr to detonation were needed. Table v
gives the gquantity of D=~38 and beryllium used in the experimen<s.

Despite the large errcrs associated with the mass of
yranium and beryllium in the clouds (columns ¢ and 1¢ of
Table 1I1), these values are realatively small percentajges
{columns 11 and 12) of the total elemgnt mass available for
dispersion. For Experiment I (excluding the nonrenresencative
pass S), Iintegrating samples from passes one thraugh four
gives 314 ¢ 31 ug of vranium end 2.63 = Q.14 ug of beryllium
collected from a cumulative cloud fraction of 26 : 13 x 1078,
Assuming these are representative samples, a totel of 1.2 ¢
C.6 kg of uranium and.10 ¢ 5 g of beryllium were then disperscd,
or 10 ¢« SV and 1.6 ¢ Q0.8%, respuctively, of the initial amounts.

For Experiment 1@, only the first pass can be trusted, and
it was calculated that the cloud contained 0.13 2 0.10 kg of
vranium and 9 2 7 ¢ of beryllium. This correspends to 2 :

2% and 1.9 = 2.5%, zespectively, of the initial amounts of
vranjium and beryllium in the device. Passes cne and twe of
Experiment 111 were composited to establish a total uranium
mass in the cloud o©f 0.31 ¢+ 0.27 kg which represents 12 : 10%
of the total D-38 {(n the dovice. There war no beryllium in
Experiment II1 as th» chemical analyses corroborate. The
maximum limit of beryllium resuspended in the cloud by the
explogion was ) g.

An estimate of the elemental component ©f the particle
tlze Alstributions was obtained from the hi-vol impactor sam-
ples. Detectable quantities of ursnium were collected on
~earls all impaction stages for tach test shot (see Table IT).
thes> data are represented in Fig. 1 as cumulative distribuction
plots using the aerodynamic diameter particle size and uranium
mass. The aercdynamic diameter is the size of a unit density
aerosol particle with inertial characteristics eguivalent zo
the particle actually collected. Because of the density 2iffer-
ence, the aerodynamic diameter of & uraniunm particle 1s larger
than the real diameter, Aerodyna~ic diameter is qenerally used
because of its greater significance in inhalation/ingesticn
studies. The sctivity median aerodynamic dianeters ~MAD (the
acrodynamic diameter for which half of the uranium rass is above
and half is below} for Experiment II and III are ! :m and 0.% .m,
respectively. As is evident fror their relstively straight
curves, Experiment II and III demonstratc a characteristic
log-normal size distribution. The ptandard gecmetric deviazions
¢g for these log-normal divtritutions are approximately 6,
indicative of a highly skewed particle sire distribution. The
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size distribution plot of Experiment I is less amenable to a
log~-normal treatment but clearly demonstrates @ 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 1II
indicate that the most significant fraction of the atmospheric
beryllium had an aerodynanic diameter of less than 0.5 .m.

In concluaion, for the experiments studied, the gercent
of uranium (D-38) dispersed in the detonstion cloud was
approximately 108, For beryllium, the percent diszerscd
was approximately 2%. Furthermore, the uranium particle size
distribution of these disperscd aercsols is approxirately
log-normal with mass median dlameters in the ranze 0.1 to 1l .»
and standard geomerric deviations of about 8.
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t TABLE 11

CHEMICAL ANALYSUS OF AR FILTLR SAMPLES
Filter Ydcntification Berylifus Vranium
Mass Mass
Exporiment Type Collected fugh Collccred . e)
i Background Hi-Vol <0.1 0.2:0.03
| 1st penctration Hi-Vol 1.64¢0.07 206 3O
} 2nd penetration Mi-vVel 0.39:0.07 42.2:3.1%
{ 1 3rd penctration Hi-Vel 0.3220.07 37.%5:3.1
1 4th penetration Hi-Vol 0.28:0.07 27,9131
| $th penetratien Hi-Yol 0.1 §.7:0.7
1 $st Stage Impacior 0,1 7.6:0.,4
_ 1 2nd Stage Impactar ‘0.1 $.7:0.4
. 1 Srd Stage Impactor <0.1! 6.1:0.4
1 dth Stage Impacter <0.1 4,.9:0.4
1 Sth Stage Impactor 0.12:0.07 2.4:0.4
| Backup Icpactor Filter 0.44¢0.07 48.8:6.0
1T Background Hi-Vol <0.} 1.120.03
11 Ist Penetration ili-vol 1.80¢0.07 25.5:23%5.1
1l 2nd Penetration Hi-Vol 0.37£0.07 1.8:20.7
11 $rd Panctration H-Vol 0.1 £.0:0.7
, 11 3st Stage lImpactor <0.1 6.3¢0.4
“ It 2nd Stage Impactor €0.1 $,720.4
f 11 Ard Stage lnmpacter 0.1 4.2¢0.4
1) 4th Stage Impzctor <0.1 5.2:0.4
11 Sth Stage Impacter <0.1 . 4.4:0.4
11 Backup Impacter Filter 0.24:0.07 17.4:0.4
113 Background li-vel <g.! 1.3:0.03
It 135t Penctration Hi-Vol <0.} 57,1231
1l 2nd Penctration Hi-Vol <0.1 18,1407
111 3rd Penctration Iti-Vel <0.1 0.3:0.6
111 4th Penctration Hi-Vol <0.1} 0.3:0.6
11} Jst Stage Impactor <0.) 3.3:0.4
133 2nd Stege Irpactor <g.1 3.5:0.4
111 3rd Stage Impactor ' €0.1 1.4:0.4
i1l 4th Stage Impactor ’ 0.1 2.120.4
113 $th Stage Impacter <0.! 2.5:0.4 .
111 Backup lmpactor Filter <0.1 $.4:0.4
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TABLE 1V
BERYLLIUM AND D~38 IN EXPERIMENTS

Mass Of Elermont
in Experiments

{xg)
Be D-38
Experiment I 0.61 12.3
. Experiment 11 .48 4.1
i‘ Experiment III - 2.8
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APPENDIX &

ILICATIONS OF ATRCRAFT SAMPLING FOR URNATUM AND BERYLLUM FROM LASL
DYNAMIC EXPERIMENTS

1. INTRODUCTION

Appendiz A containx the details of » study to determince the percent
of uranium and berylliue carried aloft by the dust cloud from dynamic
experiments st LASL. From this study, we odtained 3 qualitative
description of the nature of an explosives products cloud, snd we have
an estimate of an stmospheric dispersion factor for two important ,
species, uranium and beryliiua. GCiven this albeit Jisited "sourcc tern”
information, wo can now make some etimates of atmospheric dispersion
from these operations for potentially harmful clements,

11. DISFERSION MODCL

We ezploy here the sodified Sutten equatfon for Caussian
diffusion as proposcd by Turner! for instantancous sources:

exp (-1/2 <§é&l) exp |-1/2 -:E~> exp | -1/ (
G: X '\:

where x 13 the concentration in anss/a’,

b
s o

x(x,y,0:11)
y

29 0 s ground level, QT {3 the total mass of the elemont of interes
which 43 presens in the "puff’, H is the ¢ffective hein',t i~ =clers
of release of the puff (i.e., the height at which the tuff coaxest
to be supcr-buoyant), u {s the wind sprecd fnomis, t is the 1i-¢ after
releasc, and the o3 are empirical Caussciun diepersion para~ctevs (ahich
sre diffcrent from those used for the dispersion estimites of 4 cone
tinuous sourcc). Our findinpgs of activity mean acrodyrnasic Jia=cter
values of 21 un for ursnium and beryliium in the Jdispersion Jiruds
peruit treatment of theso cloments as gasscs.

Fig. 1 shows ¢loud diameter as o function of time, and Tig. 2
gives the relstion of cloud height and time after detoration for vne three

D. B. Turner, “Norkbook of Atmcaphoric Dispersion Estimares™, U. S,
Dept. lealth, Cducation, and welfare, Dublic Health Servive Publi-
eation No. 999.AP-2, pevisced 1966,

}
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sxperimonts studied. It is appareat. from these curves that there is an

juitial rapid increase in cloud diameter snd height which is a
function of its heat and buoyancy factors. &afcer a fow minutes,
however, the puff becomes somewhatl stabilised, and normal dispersion
factors bepin to take affect. For these dispersion estimates, ther,

%e¢ can consider a puff at time t o« O (s detonation time) with Jinscter

D and height if. A program has been written for the calculation of
X, x(x.0.0;H) using the above equation. The valucs of 4 t(x.O.P;H
¥t for maximun ¢oncontration, f.¢., when t « x/u aionzntﬁc wind
direction axis where v ¢« 0, In this progras, initial dimensions of
the puff are uscd to extrapolate an yp-mind “virtual™ point source
for the puff. The virtual scurce location inmcreases in the upniri
direction for incrcasing initial diamcter of the puff. Estimations
of dl;pcrsion parancters for a quasi-instantanous source, taken fron

Slades, arc as follows:

Mcteorological x e 100 m x o dm
condition 5] ¢ g ]
unstable IE 18 !%5 2<0
neutral 4 3.2 120 50
very stable 1.3 .78 38 T

We have used & standard pewer function o = Ay’ to fit these points

in order to obtain interpolated and extrapolated values of = and r_.
Also, it is assumed that 2 e g . Consequently this model becomes ~

less valid for distances ;§e31e¥ than 310 im,

Piots of gm /Q- obtained from the progran src shown in Figs,
3 and 4 (the comiﬁtcf graphics routine {s responsible for the
slightly Irregular shape of the dashed cume of Fig. 3). From
Figs. 1 and 2 it is reasonable to assume an initial pufi lJia=cter
of between 100 and 200 m and an {nitial heipht also botucin 100 aald
200 m. Fig. 3 is for a puff with initial height.and diancrer coual
to 100 », and for Fig. 4, the iritial heipht and diseter are 2R

and 100 ®, respectively. In Fig. 4 the curve for u___ ‘Q. under sta=ie

:;nditions ts not given becsuse it would be off scatd for rogioms
cre the model {s applicable. For 20 ke, the valuc of i /7. is
32 10-39/a3, max

APPLICATION YO RELEASE OF D-38

Applying this model to the release of uranium (D-38%1 in an
explosives products cloud, we can estimate 3 time average off-sitve
eoncentration. For & locatien directiv down wind from the source,
the time fntegral of the concentration can be approzimated by

1/2
fx(x.om:md: o x,, momm B0 here x (5,0,0i10)
° u

2
Encrgy Commission, 1068,

. LANL

D, M. Stade, E4., *Metcoralogy ond Atomic Encrgy - 1968", U.S. Atomic

U WA
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43 the maximm cancentration, {.e., for time ¢t » s/u. An sverage
distance fron the firing points to populsted offesvite 3reas it
adout 8 km, whercas & ka i3 spproximately the minimum distance to
populated off-site areas. For » distance of 8 km, considering the
worst meteorological condition {neutrs) condition, Tasquill categor-
D) for the disperason of 8 puff with the conscrvatiws injtial
dismoter and height of 100 m, @ Q- of 1.2 x 10°° m=3 is
sxpected. For s typical D-38 Q-xegfuc‘ct ] hg &s observed in

the aircraft saspling studv, and o v:ng spced of 0 m/s, the
mazizum concentration would be i3 vg/m°, and the tine imtezral

of the puff would be 3.8 x 10-3 g-3/83. When averaged over the
period of a month, the sverape concentrarion frer this release
would be 1.5 nglni.

For a distance of 4 k= from the source to » populated area, 3
neutral meteorolsgical condition is agsin most restrictive. The
approximate X and time integral for the above incident at a
distance of "3 are 2¢ vg/03 and $.2 % 103 g.52%, respectively,

* Most of the dvnamic experiments conducted at the LASL firing
points are between the hours 10 AM gnd 4 P, Yence 8 slightly unstable
meteorological condition (Pasquill estegory £) with wind speed
sround 3 /3 could be consilered as & conservative dispersion condition.
For 1974, the total D-38 used in the shots vas 1020 L3, and hased
on the aircraft sampling srudy, about 1/10 of this was refcased to
the stzosphere via the puffs, An anmual svergze D-38 concentration
st o distance of & km would then be 0.04 ng!m’ tusing an egqui-
directional wind dilution factor of (:')lf-cyfz'ai. For a distance _
of 4 ke, the annusl averape for the same conlitions would be 0.1 npm’.
(Using @ conscrvative average meteorclogica) condizion -
of neutra] with a wind speed of 2 m/s, the annual avcraze D-35 con.
centration at B ka and - kam sre 0.15 and 0.2 ng'm?, respectively.)

The 1974 annual average uranjum concentrations ohserved in the
alr monjtoring notworh ranged from 0.04 (:lg = V.02 to D.IR (+2x « 0.04)
ng/m3. The spatial average concentration was about £.09 ag/m” shich ix
spproximately equal to the expected uranlum concentration of N.08 ny'm
{* & factor of 2) resulting from the resuspension of continental dust.
(For & given release Incident, the aiv sampling netaorh may “miss” the
puff, but it is believed that the snnual sverage data adequately represent
the resl atmosphere being sampled.)  Thus, it would seem that the nn4¢£
§s applicable, in that it docs not underestimate cxpected concentrations.
It ix rcasonsble to deduce that annua! average D-38 concentrations in the
LASL environs rcsglting from disgnostic test opcrations arc in the range
0.00} to 0.} np/m> with tygical of f-si{te maximum episodic concentrations

in the range | to 100 wp/ms.
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111, APPLICATION TO RLLEASE OF BERYLLIUM

The 1974 annual diagnostic tests usape of Be was about 14 k.
We observed about 10 g (2%) of the initial mass of Be to be acrosolizcd
In the pulfs studicd. Applving the assumptions uscd in the D-38
calcutations, we can then estimate maxirum episodic Be conventration:s
8t 4 and 8 km to be 0.0 and 0.1 wp/m?, respectively  Annual averase
off-site_Be concentrations at 4 and B b arc sapprouimately 1.3 arl
0.1 pg/nt, respectively. These concentrations incorporate the -
atmospheric-dispersion factor, hut §f this facter is sizcnificantis
different for the annyal sverage release, then the above con-
centrations would have to be appropriately cerrected.

National Emission Standards for stationary Be souriee man
not apply to these tests, but the teetriction of J0g/¢ is probatly
being excocdrd, even though the 30-d average concentrations Ji=it
of 0.0} ig/m% is apparently satisfied. The National L~ission
Standard for Be from rochet motor firing 3s 73 ug-min ©9 accumalated
during any two-meeh poriod. A typical off-site (3 kv doanuind’
cepisodic Be concentration fntegral is about 0.1 ug-Tin/m’ and hence
this standard is aprarently being met,

IV.  FURTHER CONSIDLRATIONS

Other metals of jnterest which are released to the at-osphere
by disgnostic tests are mercury, lead, and antimony  The 3%
annual usage for these clements, and for D-38 and RBe, is shewn in
Table 1. Applying simifar arguments to the relecase of these ele-ents,
¢aiculated snrual average and cpisodic concentrations 3ve sidun in
Table I. In the absence of experimental infor=ation, wc assusc
steospheric dispersion factors of 100% for fh K, and §b. The
Natfonal Emission Standard for Hg of 1 Lg/m¥ averaved sver one
day Is apparently not being violated since 2 worst-case tneutral
mcteorological condition, u s 2 m/s, x o 3 km, cloud Roignt 2 Jya 0t o2
100 m, mass ¢ 1 A3 Hg! episodic concentration Ti~¢ intoor.! is about
0.05 pg-d/md. As there are ne spplicable enission stumlirds for
Pb and Sb, the calculated arnu~l average Mhoand $ osenconigatiens .
should be compared to the expected ambient voncentration: ar 3 =0 =7 and
¢ Pi/l’. respectively, resulting from the resuspension o contineata.l
dust. There is & New Mexico Standard for amhicnt ajr restrict,.g tetal
combined heavy setals (N > 21) to less than 10 up/m”,

It should be remembercd that the mode] employed in these
determinatjons is at best qualitative. The atmespherid dispersion
of contaminants in complex terrain in all probability %us scant
resenblance to dispersion eatimated with the Gaussian puff model.
These estimates could therefore be erroncous hy ar much 35 one or
possibly two orders of magnitude. iowcver, for atmospheric uranium,

iy
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the only element for which we have atmosphrr.c clescntal concentratyion
dats, it appears that the model hat mot wnlevestimated cxne ted off. ¢,
concentratiaons resulfting €from dynamic expe imenty,

In a rreent mecting with A, J. Tov of L.L, & further tomriioatien
concerning the atmosrheric dispersion of .33 was revealnl. Mraang
picturcs of weapons test shots taben at 1L« Site 300 oo 0!
that shrapnel D38 could be a significont source of acri::i:
uraniun. Upon expleosion, izpited picocs of what worp oo a0l
D-38 woete cispersed, somc of which dramaticalle & dnteir.n 2 b
s Ustar burst” jn mid a:r. Suc . acrosciaced uran:oe owt it
grneral not be observed by our girgraft <ampling ~lieiee. don-

,s

P R

® v

coivably, this secondary, pyrogenic seurse of urampus 07170 02l

be as {mportant as the initial blast. Qur “source tert' Yir acrorui-

ized uraniun docs not consider this sccondary meomaniss,  LeveriRuiass,

our scrorolisaticn factor of TI0V pannit “¢ OTTa%CoUs v *ire than -
8 factor of ten, and this error is probat!y Jess than thit Rich

is inhc~ ~+ 1n the netcorological daspers.on gssutrtions.

TABLL ¢

CALCULY ATMOSPHERIC  SSCENTRATIONS OF ELIMINTS il I LaslL DYNNIIT
EXPLREMINTS 01 578 vy

1974
? Anaus ! Annual Avg. Max (risodis L L IVE SRR Yir o leieidae

Element Ussge Cenc. 81 & Am  Cemc.* 3t & oo Cenz 3% F oo 2ro 0 1w

(Leg) fnpfm?y [aemd) K A S S
b-3t 1020 8.1 .02 6.0 fon:
e 14 0.0002 ¢.0000 6.000: o,
LT 11 8. 82 0.02 $.00: g0
re 3 B.05 0.02 &.02 g.¢
11 9.2 0.0003 ¢.00% 6.00L1) D.0th
‘TM strosphersc drispersien fagtere for P38, e, by, TH 3-2 7 wiw
agsuBcd t5 be 10%, 2%, 100%, 100y, and iDL, respelt.icl
"H’hr total episodic relaases for D38, Br, be, Fh, oand £boaro aseet ol
te br ), 001, I, 1, and 0.7 Y4 , resprra.ciy.
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