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ABSTRACT

External radiation measurements and soil sampling were performed at 28 sites
in southern Nevada as part of an extensive radiological survey to determine
regsidual levels of filssion products and transuranic nuclides in Utah and Nevada
as a result of nuclear weapons tests at the Nevada Test Site (N1S) during 1951~
58. The natural background exposure rate was found to vary by about a factor of
two. The *%7Cs inventories tended to be lower than expected indicating the
effects of wind erosion. Cobali-60 and 2** Am were detected at several sites
which were reported to be hotspols in post-shot radiological surveys., Planned
isotople analysls of plulorium in the soll samples should help to determine the
NTS fraction of Lotal fallout. Ustimates of the magnilude of wind croslon may
provide upper limits to the original NTS deposition al cach site,
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INTRODUCTION

Controversy has arisen over the magnitude and extenL of rodiatlon exposures
in the southwestern U. 8. that resulted {rom the nuclear weapons ltests carried
out during 1951-58 ai the Nevada Test Site (NIS). One study reported excess
cases of childhood leukemia (n vesidents of Utah living closest Lo the test site
and suggested a connectlion with the weapons tests. ) Anather attribuled the
deaths of sheep which grazed in arcas downwind [rom the NTS during the Spring of
1953 to locally heavy fallout from a partleular test serics ., ® Although the
radlological survey measurements and dose estimates made following these tests
are being re-cxamined, there ls some lack of confidence in the quality of these
data, However, viluable covroborative data can still bhe obtained by examining
the residual levels of certain long-Llived fallout radionuclides (e.g. 137Cs’
239“24°Pu) present in the soil,  Au exteasive survey ol the populaled areas of
Utah was made in 1979 to determine the ambient natural background radiation

3? . , L . .
levels and total *#7 ¢y inventorvies, and to estimate the infinite time dose In

(8.6 )

the 81, George arca attributable to the NTS tests,

The present smallev-scale suvvey was performed ju southern Nevada during
May 19-27, 1980, The main objective was Lo verify the radiation measurements
and dose estimates made abller the tests al coertain veported hotspols by comparing
the residual fallout levels to those at neighboring arcas, ‘fwenly-cight sites
were surveyed, scven of which were In areas of reported heavy fallout following
one or more tests and could be classificd as possible hotspols, The remaining
sltes were in areas assoclated with more typical levels of fallout, several beling
in the general vicinlty of sheep grazing lands,

IThis report presents the results of in situ measurements and soll sample
analyses for 18705 and other trace fallout products, along with the natural back-
ground radlation component for each site. ‘The relative contributions of NTS and
sglobal fallout to the total measured lnventory of law(m, as wel) as mechanisms
relating to redistribution, are discussed. Plulonium isotopic analyses on several
of the samples may permit reasonably accurate estimates of the NIS fraction of
la’Cs to be made so that compiarisons of the ifulerred radiation exposure from all

fission preducts and historical "post-shot” measurements can be reported,
EXPEREMENTAL METHODS

The measuvement sites chosen were generally near highways or secondary
roads, since Lhese were where the radiological Leams performed surveys after the
tests and their data suggested elevated fallout levels. (=8 gy order to fulfill
our standard requirement that a measurement or sampling site be undisturbed for
the past 30 years, a relatively flat open arca 50 or more meters from the road was



usually selected. ldeally this area would contailn a vegetatlve caver to insure
minimal erosion, however, the terrain throughout the vegion did not conform to the

usual conditions. In order to provide some consistency with previous inventory

A C
measurements made in Utah and Nuvudu( » P uhere appropriate ground cover was

present, a few sites wore sclected for compurison, "The 28 sites are shown on a
map in Figure 1 and identified in Table 1.

An in situ gamma-ray spectrum was accumulated over a 20-50 minute period

using a 130 em” coaxial Ge(1L,1) diode ot o hetght of about oue meter 2bove the
{10 fua ;
M0 1D nd analyzed on a desktop computer.”™ A high pressure argon foniza-

ground &)

{ion chamber (PIC) was used for the tolal penetrating lonization rate and a

barometer for the atmospheric pressure readings to determine the cosmic-ray
secondary component . At all but two of the sites, three vores of soil were taken

to a depth of 15 cmoand fractionated in G-, 2oh-0 and =15 cm oseyments. The
three cores were spaced about P20 apiort sl =10 meters Tiom the tecbd) detector.

R ¢! .
The total =uriace area of soll represented nv theco coves was 180 ont . the maln
1

function of these samples was for determiniae the depth disoribution of s in
order to convert the 002 keV nncollided tlas weasuved Yo the o) detector in

, Lam
atimate of the

the field to an Ciuoinventory,  An independent inventory

estimate wits also obtained [rom soll sample data,

Due to the dry and powdery natuwre ol the woil, iU was rvemoved from the core
tool by varefully spooning out the three separaie tayvers, This procedure was
sometimes performed with the corer in the pround to aveid spillage. All samples

were packaged in heavy polyethylene bogs inmedictely afrer collection.

Each sample was weighed and alr dried in the Labovatory,  the samples were
then reweighed and any large racks and stones were sotaped clean of adhering
solbl, welghed and discarvded, Bach sample was pulverized to a fine powder and
about 100-180 g analyzced by gamma-ray spectvomeliy,

The homogencity of the mepaved sauples and the preciston of aliquoting and

counting were tested with duplicate aliguocs foone sis aomples, Do ol cases

, the
137

Cs concentration of the dupliciates aprecd to thin 2 standnd deviationsg of
the counting crror, Iun general, homopgene ity and aliquot ing were not eritical in
this study because a large fraction of the collceted sample was aetually used in
the analysis,

The radiation seurces used for calibyation tor the spectral analyses of the
soils are traceable to standavds {rom the National Burcaw of Standards aud the
[nternational Atomic Energy Ageucy. ‘tThe calibration and sample analyses include
appropriate corrvections for variatlons in soil denstly and composition, The
overall systematic cvror fn the analysis Is cstimated to total tess than 5¢,

- 137, . A . s .
The Cs nventory was inferred Lrom the tn situ measurcment ol primary

. N ‘ 12 5
photon flux using a conversion factor derivec clsewhere., %Y e conversion



factor is a function of Q/f, the depth distribution parameter fov an assumed
exponentially decreasing profile,

g x5 u~(0t/p)w-s 1)

O
where

- 3
§ is the activity per em™ at depth 2 om,

. 8 .
S is the aclivily per em at the soil surface,
& in the reciprocal of the relaxation Length o eni™ | aod

gobs the in situ soll density

The cumGlative activity, or inventory ) intesraiod o denth 20 s, then,

7 4 ! ) '
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where I is the total inventory in mCi/kef ifutegrated to infinfte depth,
0

Although the mecasured depth prolile may not [ollow an exav! cxponenbial
function, an accurate estlmate of the total inventory with reasonable precisfon
can be made by choosing a value of &/¢ which gives the best fit to the fractional
activity profile in the top 5 cm of soil. This procedure wvorks siuce over 754 of
the primary photon flux at the detector comes {rom sources < 6 51‘/rn? betow the

surface of the soil, which at a density of 1.5 g/cm3 corresponds to o depth of 4 am,

For this study, a value of a/p was sclected based on a {1t to the fraction of
the total Loventory measurced in the 0-2.% aud 2.5-5% om cuts using Equation 2, Ry
using the fractional activity, the determination of 3/¢ bocomes {oadependent of
systematlc errors in the soil sample data.  Although i. is based on the assumption
that the sampling depth was large enough 1o collect all of ne activity, the value
of a/p will not be substantially affected 1€ a small Lraction of the inventory tis
missed., The only radical departure from this case tov this data scet occurred at
site 3. For this case a total activity wis assumed and a (it was spplled to the
fractlonal activity in all three cuts. By {tevation a total activity wis aryived
at which gave the best it and the corresponding value of a/0 was used,

501l samples weve not collected at sites 1 and 110 Site 1 had some pross
cover and was, therefore, similav to sltes 2 and 3. Rather than estimate a single
a./p vatue, a range of values was chosen hased o the other two siles. Site 11
was between sites 8 and 9. Since the depth profiles were quite similar at these
two sites and the chavacter of the land the same at all three, the average value
of a/p was used for site 1.



RESULTS

The natural background exposure rates for cach site are shown {n Table 2 and
{Llustrated in Figure 2. The sum of the individual contributions fvom cach
nuclide, as measured by the spectrvometer, and the cosmic-ray sccondary component,
as Inferred from the baromeler readings, agrees well oa the average (1.46) with
the HPIC weasurement of the tolal exposure rate, Differences at any particular
slte can be atlriboled to statistical crror for the most part, The exposure rate
from 228 ]
between soil radium and ground level

jn daughters in the alr was estimated from the average relationship

aan . R . 32
RN concentrations io the -nr,( )

Using the HPIC data, the averapge exposare pitte for the sontlieastern siles
CL~31) s 1107 o/ Doy ey The other sites averaped 317018 0.0 Altthough
pavt of thie differensce is due to the vencrally fowes ot itonde vt hie southeastern
sites and the reoabiant fower cosmic-tay component o Cheae Do it o apparent
difference in the average abundance ob natural emitte:s o in b soil hetween the
two groups.  CThe Htah survey performed in L49/9 indicared toavly amiform external
exposire rates {913 aR/WY across the stale,  One exception, bhowever, was a 20
uR/h value recorded at Modena in western fTron Couniy, Litah. 1t appears that this
slte is in the same geographical pattera of sites 12-28 1o this siady, lhis
pattern appears to extend up into Beaver County, dtah s well ) o seen in Figure 2,

Althouph the measurements in this survey were not peviormed within the towns
as they were In ttah, the consistently higher ambiont cxposure vaies recorded at
the more northerly locations ave probably vepresenlalive ol the actua) natural
backgromnd dosc to the population there since the vestdential aveas ave on tand
of stmitar soll tvpe,  As such, these data ave of some significance 1o any study

Involving radiation produced health effects, sinece external hackgronnd radiation

>
. . N ‘140
constitutes a large (raction of man's normal radiation vXpusure, ’

- rgve

The only man-made radiomelide detected in the tield spoctyi was * 7 Cs,
Based on the depth profites weasuved jo the soll samples | the appropriare conver-
slon factor was applicd to yviceld the exposure cate contribug toa, 4 e current
(1980} values sve seen to vary between 0,1 and 0.3 R'h.

Table 3 lists the periinent soil sample data along with e Concentral fons
1Lt

of fallout emit(crs detected. Aside from the

BG . s
measurable amounts of Co oand ©
lassh’ 144

however, these nuelides have been seen in soils from other parts of the U, 8, {n

Cay neveral saaples contalned

§

AN

1 i
Amoand one sample contafned Riv,  draces of

. 10 . .
Ce mud Ru were also detected in many of the surtace soil samples,

the past fow }v‘.n'\.u. and can be aliributed to global falloutr trom recent Chinese
{(1g?

weapons lests,

With the exception of site 3, the dota show thot the 15 cm sampliayg depth
was sufficient to collect nearly all of the deposited activity, Site 3 was an



old lawn at a private restdence which had been flood lrrigated. As was found in
Utah last year, heavy appllcation of water apparvently acts to dvive the cesium
more dueply into the soil, Sites 4 through 28 were pristine locations where the
depth profiles were found Lo be quite shallow, reflecting the small amount of
precipitation in this arca, A distribution of the measured depth profiles In
histogram form Ls shown in Flgure 3,

bl
-

Table 4 lists the *27Cs fnventavies inferred for cach site Lrom both the

in situ and soil sample methods,  7The total abserption peak count rate for the
662 keV primary flux measured in the ficeld and the value of &/p, the depth
parameter derived {rom the soil somples, is also Listed., This saue deplh
parameter wis used with Bquation 2 (o estimate the traction of the total activity
collected in the sail samples. The estimite of the total foventory using the
soil aample data was made by correct ing the measured value based on this fraction,

Freepting site 3, these coveectlons were smail,

Measuremeni s have shown that the in siftu method tor determicing iuventory is
as accwrate but somewhao less precise (126 vs, 89, 1 .Y than the soll analysis

{4)
method based o 10 coves,®

The precisjon of the sample method ineludes the
statistical crrors associated with collection, preparation and analvsis,  The
major source of crvor lies with the collection, that is, whethwr the number of
cores or surface arca sanpled is representative of the total area. As a first
approximatjon, the stallstical error would vary inversely wilh the cquare rool of
the number of cores. The 8% precision associated with the (0 core method would,
therefore, be wodified to aboul 15% for the 3 core method,

Although the in situ method fuvolves using the sobl sample data to determine
the depth parvameter, it is less sensttive o errors in the soil sample data
part Lenlarly when the depth profile is shallow, as was cncounterced for most sites
in the prescnt study, Conscquently, Jt 1s expected that the precision in the
foventory estimates {s about (he same for Loth methods used in this study,

If a distribution of the percent ditfercnces boetween the in situ and 3 core
soll sample inventor: estimites is constructed for the 24 prisviae sftes, 1t
would bhe expected 1o have a standard deviation about the mean of

g o= ‘v‘rl.;) + 1“:

4
= 2k,

The fact that 15 out of the 24 cases (63%) lie within 204 of the wean lends
confidence to the precision estimates of both methods.

That on the avervage the in situ luventory estimate is 189 higher than the
soll sample cstimate for the pristine sites can be attvibuted to a blowsand
effect. Although there was little or no grass cover at most of the locations,



scattered brush such as sage was common. Wind blown soll particles tend to build
up around the bhases of such plants, thus higher concentrations of fallosl products
can be expecled to reside there. The detector in the field "sces" this additional
source whereas the so:l samples were taken in the open arcas among the brush where
a depleted source would exist. At Site #9 the magnitude of this effect was checked
by taking a grab samplc of blowsand from under severat ciumps of brush. As shown
in Table 3, the concentrations of both 190G and ec(_“ were found to be aboul double
that of the 0-2.5 em cut. 1f the *°7Cs was distributed exsentially uniformly in
the blowsand and 5% of the ground surface covered to o dopth of 51 em (a4 reason-
able estimate based orn visual examination) by these mouwnds of enhanced activity,
the contribulion to the peak area measvred in the Sicld woinnld have been about 6
counts per minute, 20670 of the total, Subtraciing this contribution vould lower

the inventors from 3% to 26 mGi‘km . fhe later valbue would, therctore, represent

the open drea vy brom the brush where the sord camples sere collecrod s Conversely,
if the blowrand vas diciributed evenly acrons Uhe proead, e 1o ooy wonld

N

increase bv 412 weickoi oas compared (o 29 ni Pl mee sared Qg he samples collec-
ted awav from the bLrush,  These values are consisteat with tio P17 difterence seen
alt this site, ‘the mapnitude of the blowsand effcect ot ihis nite s t)lusrvative

of the effcct at other sites. However, due to differences in depth distribulion,
ground cover and local wind counditions, no siungle correction factor ¢an be applied
to all sites. Nonetheless, one can probably conclude that bascd on the measurement s
al Site 9, the effict would not grossly distort the inventory estimites presentod
in Table 4,

A grab sample of sediment from o small wash was talken ot Nite 24 to check for
any wiater crosion effects.  Since sediment is gevncially comprised of finc
particles it wmight also tend to accumulate fallout products washed of I the ground
surface, Howevey, the 87 s concentration in the scdiment was on the same ovder
as the average councentration in the soil for the 0-1% cm saupling deptb.  1f the
particular wash sampled wits representative then no wiior cellect of vunoff is
apparent for this sito,

A stamdavd ML soil sample (10 coves, U-30 cmy woas ke 0 nite 21, The
difference between the estimate of 44 m(ji,"knF for this et oand the 04 m(.‘i/kmg
found for the 3 core sample is not inconsistent with the cotfnted precisions
(8 and 1%) and is indicative of the varlable witure of deposition over land with
poor ground cover . Cthe sofl sample {nventory value shown in table 6 for this
site ©1s The average of the two sets, wedghted by their corvenpanding

surtace
areas,



PDLSCUSS LON

) . . rar .,

The contribution of global fallout to the total Cs inventory can be
estimated using the relationship between precelpitatlon and YO0y deposition
)

. {4 ; . . .
reported in the 1979 Utal study,” Although this relationsivdp 1 crude and

may not be valid for southern Nevada, i1 nonetheless pravides o peneral {dea of
the magnitude of global falloul levels., Climatological data for the state of
Nevada indfcate on the order of 10 to 20 cm oi precipitation for the <outhern

; : . o o A8
Sites 1-11 and 28 and between 20 and 30 em fos the more novihe: by 5iles 12-27 0777
3 e PR vt .
Assuming o eonstant 1S mCL/ksd dry deposition aaund o 20wl ks per om ol rain
L, 1T L ; ’ N a
wet deposition, the corresponding global "Cs levels would b abond 40265 moi/ ke
]
o
1

for the southers sites and 65-90 mCi/kn v the worthern st

The tatal ’ o odaventory worthd he bicher sCebd ot Thes o L ompoen ol G
included,  The n contributton was cstdm ted Yo b N ke 0 e L, Leorse
" , . . oo .
area dnd I o ke o ve sy Eoterprise in the Urab cinionen oo v 0 A

stmilar or higher coviribation would be expected ot many ol the sites in this
study .  Althoupgh the toral inventory measared at the grasns covered Site 2 s
consistent with the virlues seen in nebighboring southwestern Urah while the
invenlory at the prass covered Site 3 is exceptiona)ly hipgh, it is apparent that
the poorly covered Sites 4-28 exhibit much lower {vuventorics thon cxpected. This
inconsistency s explainable by the difference in the churacter of the sampling
sites, The Utah invemiory estimates represent a better estimate of actual deposi-
tion because the measurcements werve performed on grassy surfaces where the fallout
would tend to remain,  The luventories measured At Sites 4-28 in the present sludy
are merely the current or 1980 values., ‘The data indicates (hat some fraction of
the ovipginal {atlout has been vedistributed, probably via vind crosion,

Further evideonce of the offects of wind eroslon ecan be seen at Sites 13 and
22, Ao nearby former EML sampling siles that posscaned vege!ative cover, {he
187 s inveutory was 110 mCi/kf  for both sites in Juae 1974, 77 Corvecting for
radioactive decay, 117 m(‘.i/kn{; would be present at the time of this survey, whereas
the average of o sitn and sofl sample measurement s fdicatoed 45 we ki o Slte
13 and 47 mCi/knf for Site 22. These ave about 4 facto: of A0 tover, df this
same factor was applied to the other ervesion-prone sites, the inventary estimates
would range between 40 and 163 wmCi/laf . These valies are more cousistent wilh
those found ot Sttes 2 and 3 and In Utah, However, applying o corvection sueh as
this is probably only valid on the average since the degree ol crosion at any
particular site would depend upon local windg, topography, vegetative cover and
the blowsand coffect previously discussed,

A major question vot yet resolvable with the present data sot is whether
there is any difference in the behavior of dry and wetl fallout once deposited on
the ground. The NTS fLalloul was gencrally dry wheveas most of the global was

agsoclaled with precipitation, As suech, Lt is possible that diffevent f[ractions



of the NYS and global fallout were dispersed by wind., 1t is apparent, however,
that not all of the NTS fallout was dispersed since 283 pw and o were detectled
in soil gamples {rom scveral of Lhe sites. These anclides wore nov detected in
the gamma-ray analysls of samples from soulhwestern rate tast veary and are pot
normally scen in envivonmental samples Erom other parts ol the G0 8,

Although o dirved! retationship betweon Pt O oand L can b aostmed because
of their probable diffcercnt raves of fa'tout an 0 Tunction of distonee dowvnwind
from N1, the fact thal ihe o conld o deteciod e indicite o Lizher than
averape WIS deposicion for that area or deposition from o fest celativelv rich in

N . , . . .
Y Lo, Most of the sites identifted In table | oas possible bhotsposts did show the

86 . . . .
INOeSCHCE O o o whicr el tne ot ner seley rnsnoriit o o i [RRaN S T { ot
Pres I ¢ i st ther Loy osorfalc Prhopere cwngond talloat
levels seneratly did wot, Vhe highest 77 o voncenteatbos o oord o wp e 21
. . S8, . . .\

(.'llszn Phee onby odite gt BT i b o savn e g i iy cotopor .ty
site probably coocived an coohonced o e e bt eyl D e S ot dhic Lo
it cloviiion | LIS AT I Che hotapat west o oar Yy S orte Thg Bdentitied

. . . . . . . G
after the Lolivaon tont 0lso snowed o oompar soavels it oo eyt o ol T G,
. y o EE PR C , .
e Lower values ol {5 Co cond 77 A found o e e s Do T it 2% it the

same vallev | althouph not o che same praportion to {hee canvfee e ot ivily

measured daring the post shot rvadiologioal sarvey, oo 0 oo convistent with

the dirvecrion of the gradien .I ’

The =700 wCiind T 0s inventory estimitos jor Hite b e ihac Ta orress
fallou! from vunadt . A stailary anomaly was soew of oy de e 0 b 0ol b ;:(.:r.““
Although this was substavtially the highest Diventory dosmd e tiiin survey, no
GOCO TH p’“:‘ wowcis detectod in o the soil soeaplon, b wdd b Do i e om porotile
wag unusual by deep and since the soil sample only cxtended 1+ 1y o, the crrars
in the foventory cstimates are lavge, 1t s boped that ancioio o e Vo,

natural tallout woclide found in rain, ac well ase Pu dsotaric cndormston, will

help to hetter determine whether the excess cegium is drem 250 o0 olond falloul .,

SUMMARY AN COXCLUvS ton-

this veport presents natwral barkgrownd cuponio o cares ool v daventorices
for 28 sives in the vicinity of the Nevada Giest Sice 0 The o smeeas ratons of

fallout emitrers io soll is also glven for 2o ol these sites.  the oatural biacke
ground exposure rates vatied by about a factor of fwo and sended o Lbe higher at

R R . Vo . .
the more novihern sites in this study, i Codvvenior e oo ied conniderably
but were fu gencral lower than expected fov this srea. ihe dain sueeests
some fraction of the ociginal [alloutl has been vedistributed a0 sifes with

insufiictent ground cover,



.

the presence of enhanced NTS fallout was indledatew by small amounts of 89 o
and ?*  am in the collected soil samples, however, the corresponding 97 ¢s Inven-
torles ne thése sites were not unusually high when comparcd Lo -ncighboring
locattons. 1 order to verify the original post-shot radiation measurements,

187,
L *%Cs inventory must be made and

estimates of the NTS component In the tota
corrceclions appllad Lo asccount for any wind cvostion since the time of the shot,
“his matter bus complicated by the possibilley that (l:')" WS Fallout may he affected
to a different depres by the wind than wetr global fallout. In view of this,
accurale nstimates ol rhe original NTS deposition and resultant radliation doses
may not be sossible. [t s boped, however, that plutounium fsolopic analyses of
the soi] samples will help to determine the NTS fraction of the total fallout

now present. and point ont auy differences fn the redisiribut ion of wet and dry
faltout. JL the magnitude ol wind crosion offcots can be estimated Lor the NIS
allout, upper Limits to the post-shot radiation levels can by established.
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Site No,

4

[

9

10

12

13

TABLE 1

MEASUREMENT STTT

LOCATTONS

Incation

Mesquite, private residence
Mesquite, open field
Bunkerville private residence
Riverside

Routle 168 (7) 2 miles NW »f
interchange

E-15

7 miles N of Moapa on road
to Carp

14 " " It tr

1l fr

5+-93, 4.8 miles N of Butler
Rianch

Kane Springs Rd.,, 0.8 miles | of
Butler Ranch

f«15%, 8.8 miles I

of Glendale

U594,
Ranch

2.4 miles N of Butler
US-93, 5 miles N of Alamo

l.incoln County Airport
(Panaca)

Remarks

875 uci/® , shot Slmon

1260-2770 uct/f1?, ehot
Smoky(7>; 3-5 R infinite
dose, shot J{:n*ry(e)

1260--770 uCi/[ﬁy, shot
smoky* 7?3 345 R infinite
dose, shot Harry(s)

740 uUL/fta, shot

£§inu)n(a)

12602776 uci/ 1 shot
smoky' 77 5 3.5 R infinite

dose, shot Har 1'y(8)

near formev EML

sampling
(8)

site

(8

)



TABLE 1 (Cont'd)

Site No. Location Remarks
14 Route 322 (85), 2.1 miles I of
U8-93 junction (Ploche)
15 UsS-93, 3.2 miles I ol Oak Spring
Summoit
16 Us-93 20.5 miics K of Crystal
“prings
17 Route 318 {38) 21.5 mrles N of
Crystal Springs
1.8 Route 375 (25), 2.2 miles W of
Crystal Springs
19 6 miles N of Route 37% (25) and 4-5 R infinilte dose, shol
Cunderson  Rd, junctlon (Sar Nancy(s)
Spring valley)
2n 2.6 miles ¥ of Route 375 (25) on
road Lo Tewmpiute
21 Route 375 (25), Queen Cliy Summit
22 2.9 miles NW of US-6 on road Lo Near former EML sampling
Tybo w1080
ybu slte
23 Route 375 (25), 18.9 miles K of
Warm Sprivngs (Railvoad valley)
24 Us-6, 7.2 miles W of Warm 1310 uct/e® ) shot
Spriags Boltzmannt”?
25 us-6, 13.6 " " "
1t [}
26 Us-6, 1.5 miles & of Roule 376
(8A) junction
27 Us-95, 4.5 miles N of Coldfield
28 Us-95, 8 miles S of Beatty

NOTE: Surface activities quoted are lotel beta corrected to 412 hours,

- 13 -



o

wamr

TABLE 2

EXTERNAL RADIATION LEVELS

Exposure Rate (uR/h)

location T Fotal Nataral
No. Date Cosmic *°k mh U Rﬂn 1‘”(;1”M&£E?yﬁufigi 7 HPIS
1 5-19-80 4,2 L.7 1.3 0.9 0.1 0.1 ) 4,0 8.3 9.8
2 5-20-80 4.1 2,0 2,0 .7 Q.2 0.3 5.9 10.3 10.0
3 5-20-80 4.1 2.0 2,0 1.2 0.1 0.3 5.3 9.7 1L.4
4 5-20-80 4.1 2.6 2,6 (.1 0.1 0.2 6.4 10,7 11.4
5 5-20-80 4.2 3.0 3.3 1.9 0.2 0.1 8.4 V2.7 12.4
6 5-21-80 4.2 3.7 4.3 2.5 0.3 0.2 10.8 5.2 14.5
I 5-21-80 4.2 3.6 4.6 2,2 0.2 0,1 10,6 1409 14,6
8 5-21-80 4.6 2.4 2.9 1.% 0.2 0.3 7.0 1i.e 11.0
9 5-21-80 4.6 L0 4.0 18 0.2 0.2 10.1 4.9 13.6
10 5-22-80 L4 2.1 2,0 L.y 0L 0.2 5.5 0.1 9.8
11 5-22-80 4.6 L.2 2.1 0.9 0.1 0.7 4.3 9.1 10,2
12 5-22-80 5.1 4,6 4,7 2.1 0.2 0.2 11.6 L6.9 16.6
] 5-22-30 5.9 3.5 3.1 1.4 0.1 0.2 8,1 14,2 13.5
L4 5-22-80 6.3 3.3 38 2.2 0.2 0.3 9.1 e, 1 149
L5 5-23-80 6.6 h.7 5.6 2.1 0.2 0.3 12.6 19,5 18.9
16 5-23-80 6.0 4.3 5.3 2.5 0.3 0.3 12.4 .7 tr.2
17 5~23~80 9,7 A3 4 20 0,2 0.2 2.2 8.1 172
18 5-23-80 5.5 401 5% 2.2 O 0,3 12.0 k7.8 13
L9 52450 6.0 5.3 5.9 * - .2 - - 20,8
20 52580 6.3 1.9 2.6 L.e 0.2 0.5 6.3 12.9 13,2
21 5-25-80 6.6 5.0 4,9 2.1 0.2 . 12,2 9.t 18.4
*Measurement negated by radon daughter washout,
Th - %% 1y + daughters L = sum of individual nuclides plus
[ Baglf + daughtevs cosmic

HPIC = hign pressure lorization chamber



TABLE 2 (Cont'd)

Exposure Rate (uR/h)

Location Total Natural

No. Date cosmic *°K Th 1 ko *?7cs Gamma Ray by IHPIC
22 5-26-80 6.2 3.8 4,2 2.4 0.2 0.3 10.6 17.1 16,5
23 5-26-80 6.0 4.1 3.9 2.0 0.2 0.3 10,0 6.5 16.3
24 5-26-80 6.7 4.4 4,3 2,1 0.2 0.3 11.0 18.0 18,1
25 5-26-80 6.4 5.2 4.4 2,2 0,2 0.2 12.0 18.6 18,3
26 5+426-80 6,2 4.8 3.9 2.4 0.2 0.2 11.3 17.7 17.2
27 5-27-80 6.2 4.2 6.0 3.6 0.4 0.3 6.2 20,7 19.5
28 5.27-80 4.7 4.6 5.4 2.3 0.2 0 !

.2 La.5 17.4 16.8

- 15 -



TABLE 1
SOIL SAMPLE DATA

KMt L.L. Depth Wer Wt A Dry Wi od% H O Concencration (pCi/g-dry)
Site No. {em) () {r) ) 20 oam “Co [“Rh
2 §-2751 0-2.5 854 653 23 1.0091.010 - 0,006,002 -
2.5-9 8139 638 2 0.9504,029
51 R IS 2873 200 26 O,7304,013
3 94 0-2.5 416 AN 0 0.692:1.008 - - -
59 TR 507 498 7 0,7041 017
6 519 25917 20 [} 0,611 007
4 57 0-2.5 B4t 817 0 0.857:.007 0,0164.,011 0.0114£.002 -
S8 2.9+% %30 50ty 4] 0.0934.,013
59 ~15 29133 2734 1} 0,060,008
5 60 G-2.% HAN 628 0 0.4730,008 - - -
[ Z2.54 L 6648 0 0,054,013
67 H-15 TURY 2821 i [AENS IR RN § 0N
¢ 03 Ne2 % 4l 71 0 0.6124,00k - . -
6.4 7.5-5 541 56,0 0 N, 150 U0
69 5.1 KT 7707 7 0,099+.010
7 66 N-2.5% 054 650 1 0.4034.007 - - -
67 2.5-5 L7 601 0 0.0714.010)
(33 H-15 2617 7538 7 0.00h4,0071
A GY 0-2.5 H44 651 0 1.0564.008 - 0.0134.,003 -
70 2,595 03 Hhih 0 0.2794.012
Jl 5-159 10 76009 2 0,022,007
D) 12 0-7.5 092 (RN} G 0.6111..008 - 0,005,003 -
7} 2.9-9 104 679 1 G.1274.016
14 515 212} 2917 3 0,023,009
751 Blowsand Y73 3473 ¢ 1,081,009 . 0.0114.003 -
10 16 0-2.5 Be | 140 Q 0,994,007 0, 1640,11 0,0114.002 -
}? 2,90 _ HHO Shé 1] O, 181014
I8 H-15 20 PR g 0,021,007
12 19 (}<2.5 827 B15 0 D.h1hH. 008 ~ - .
BQ 2.0-% B8O h6? 0 0.060x.010
1%} Helh 2870 2152 4 0007 ¢, 004
13 82 0-2.5 6:/7 667 1 O, 801,009 - - -
By 2.5-% 601 54 1 4 0,3764.01)
B4 9-1% 2657 22713 7 0.035:.008
14 85 0-2.5 407 389 2 1.073+.010 - 0.003%.,002 -
86 2.5-5 442 395 {4 ¢.835%.037
87 S-19 2195 2021 1% 0.18 1.0}
15 88 0-2.5 7131 9 i 0,6574.009 - - -
89 2.5-5 651 600 h 0,2034,012
90 51

h 2884 2657 7 (0.0134,008



PR 3 frtont D

e L s b e A et e e < Aot ke P

R tepsh el WELd gy b ek )0

Covcentration (pCl l'a"drYl
L, o] R e
Slre Ko rom) ) e 1) ! ”w " LAY Am 'é(‘.n Rh
Ib G-2749] 0-7.4 127 s t (. atgy . 909 . . -
92 .55 ty7 RLY i O .84 010
n S5-15 2411 2o 5 00061 .007
17 DIA w-2.4 ICh L84 43 (ARSI PSR TE £ - - -
95 2.9-9 750 - 04 2 0 2304 019
G 9-1% 2613 4 5 9.0504.009
iR g7 D-2.5 anl Yy 1 (X 15¢ 00 - - -
g .59 43 k1A 3 0 O
99 519 20401 2h2 6 0.6 7y, 007
19 G. 2800 -5 704 677 1 0.603¢.012  0,0884.0926 0,0264,006 -
(o1 2.5 % [RI Bl . 0274 0720
0n? S-15 P 242 4 0,024 .00
29 01 [S [P [ 1o (AR SRS I . . .
34 P T £ 354, 3 0.0 0k
H el 214 IR 1] G N4y B0R
21 tey [$ PN L i 12 U Jui ) 0Dy 01264 013 0.075¢.004 0.0404.00)
W7 7.5 % iy 51 1A g 07 0, 0474,003 0 0.029%,004  0,0124,003
08 5 1A PALRSY I4TH 14 aoney alo
at O-30 225673 19909 12
27 1 a-2.9 71t 459 4 0T 02 - 0.003¢.003 -
it FE T H17 6y ! O 12dy 3
12 KR PREEA 2601y & DN 0L
23 13 [ IRY (314 G9hH 4 11185 009 - 0.007%.003 -
H 2.5-5 i20 £9% 7 GBS 020
ts 515 INHA 201 7 0.0083 006
24 X8 n-20n Ys 41 y 1 Ay a1l 0205 013 0.0324.004 .
17 FARER nal {7 i Q. 2497y 20
TH Helo 7HR0 224 ! .01 .ons
jut Wanh Y2 03201 00R
Sediment t
L]
24 plil n-2 4 12 Rl | 1 S Qo . 004,009 0.0064.0013 -
21 P T H450 194 ) oAy T
R 5-1% i P % RS H ]
P 2} D-2.% MY 749} 0 O e 00R B M .
24 Z2.5-% £ 54 bih 1 Q. 1564 010
25 Selh 2ARY PERLY k) 0,009} 004
22 76 AR Hih nite ] 0, 72391 004 B - .
2} 2.5-9 HR? 636 2 0. 1% .012
8 5415 2458 62 5 G061 .003
28 9 0-2.9 H 4 0 0.5504.025 - - N
10 2.5-9 LY 67 0 0.1224.015
3 51% 26040 24608 2 0.0181.009
*f by wefpht of In sita waterial tncluding rocks. tayab sample, undefined svaa;all sampleae 186
thbxeludes rtocks, of n avea unleds otherwiss noted,

1620 of arvea.

NOTE: Uncertalntlen are L O Polwwon counting cirvora,



LPield Spectrometyy

Site No. ¢ pin

28

NOTE;

baobelld
20,482
23 06ek] 8
20,041 .4

9.610.9
2042
10,8617
$h 0t 5

R R

3a,041.7
IO SIS I

JOcel b

20.881.06

20 4k 4

32,1100
23,0013

0.11-,03F

a/p

.11

0.05%

0,136
(. V}

.34

0,350

0,84

0.24

0.1%7

0,33

I5 « value estimatoed

CESIUGM-137 INVENTORLES (MAY 1980)

TABLE 4

Soll Sample

Mceasured,

mCi/knf

mi i/ knf’

he 1O

8013 94
2094£31% 117
3746 57
17412 14
O $5
P2 17
IR 50
1O My
Thph 44
3716 -
$0" 3
YRY; 43
SRR 60
PRE ¥
NN, /
e 40
A S @
VY e
g ;
/ity a8
A9/ 4
PR RN e
PR PR
5048 G2
HRESH) 30
G847 34
60 27

*¥alues may be overcstimated due to

Procision estimatoes are @

insuffleient sample depth,

- 18 -

0,92
0.43
1.00
1.00
0.96
L.00
1,00
1,00

.00

.97
1,00
FERALY

1.00

bos.n,

Fraction
of Total

Corrected,
mC 1/ knf

102615

27244 1%
5749
18472
36kD
1743
508
2944

Al

3N
Ze 346
0219
MY
2740
5046
1916

Thyhy
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