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Proliminary Peport on "Brin Out" froa Fhots Diablo and Stokes in the
Balle Fourche - Dapid City, South Dakota Ares

Br Kermit H. lavron, Ioward A, Eawtharve, Keith B, Price

On Avgust 13, 1957,the Division of Biology and Medicine, Atomie Ensrgy
Covmisaion, requeated that Pvogram 37, Civil Effects Teat Grouwp, senl a
rafiiological murvay team to Belle Fourche, South Dakote. Fall-out had been
reported and measured by various individuals from the Raspid City arvea (see
Appendix I). It was reported present in Belle Fourche at 1000, July 17, and
radicactive rain was reported to have ocourred in Rapid City, South Ibkota
after 1100, August 9. The objectives of ths Program 37 inwstigators vere
(1) to Getermine to what extent falleout bad ocourred, (2) to delineate the
fall-out patterns, snd (3) detormine the levels of radioactivity existing in
these areas.

Two nuc.léa.r devices detonated &t the Hevada Test Site contributed
foll-out to these areas; Diablo, detonated at 0430, July 15 end Stokes, detonated
0525, August 7.

Mr. Eennath Negler, U. 8. Weather Bureau, and presently a member of the
Taot Maneger's Pall-out Frediction Unit, prepared cloud trajectory maps for
these ehots end eombined them with weather dota for S8outh Dnkota. The
trajectory prepared for Diablu imdicated the 30,000 foot cloud level passed
through the Belle Fourche regién July 16. light scattered shovers occurred
between 1500 and 2100, The trajectory for Stokes indicatedl the 20,000 foot
cloud level also passed through the same ‘area on August 8. Approximtely
0.5 inches of rain fell between 1200 and 1800, Augu-;-t-;,-—(m Pigure 1 and 2),

The radiological survay team dispatched August 1b consisted of a

U. 8. Geological Burvey IC-3 aircraft and its crev of five accompsaied by a

ground survey party of three persons.

11708b3
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Using the available information regarding the fall-out pattern in the
" Rapid City - Belle Fourche area, the UBGS tean flew 800 traverse miles
delineating the fall-out pattern,as it existéd August 15 through August 17,
within an area 150 miles by 96 miles '(ﬂ,uoo square miles approximately).
Four hundred traverse miles were flown in a detailed study surrounding
Belle Fourche; an aren epproxizately 72 miles by 20 miles in the east.west
direction « each traverse being five miles apart.

Continuous rediation-intensity resdings were taken by recording gmmsa
radiation monitoring equipment., The flight patterns were a series .o'f various
straight-line bearings navigated by predetermined visual location points over
#s level terrain as practicable. An air speed of 140 2 £0 mph was mainteined
st an altitude of 500 £ 25 feet ebove ground level, A position plo‘.h vas
maintained by an observer, utiuz.ing & ¥iev finder, who marked the position
on a map and also actuated a marking-syastem switch over recogniged visual
reference points, wvhich, in turn, placed fiducial marks on all record tapes
end camera film, The flight pattern was recorded by a 35-m gyrostabilized,
continuous~-strip-filn cemers,

The monitoring equipment used has bean described in detail by the
designers, (see Health Physics Progress Reporis, ORNL-877, 1174, anmd 1688).

TNESULTS

The data from the serial survey are saummarized on the map ‘Asrial
Radiological Survey, Belle Fourche, South Dakota Area', Figure 3. The

level of radicestivity throughout the ares surveyed was less than three
timeo background, The tentative average backsmurn rediation in this area ‘

vas established at .1,100 o/s. The uo-:.neeuity nnu u-. 1m¢nhr v:lth
three areas shoving more thutwanl.hlfﬁmomum\mﬂlenh. Buea
on data obtained by nonifuorxng, it is not possible yet to separate the
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radiocactivity contributions of Diablo and Stokes to the Bells Fourche
ragion, Vhen tho analysis of the collected soll samples are ccempleted,
additioonl information may permit an indiecation as to vhich fall-out
pattern contaminated which area.

Monitoring by the ground survey team was don*along Highway # 1h
from Repid City to Sturgis continuing on Highway # 24 to Bslle Fourche and
northwest on Highway § 212. In sddition, monitoring vas done north from
Sturgis along Highwvay # 79 to Highway # 212 continuing west to Belle Fourche,

A total of 160 miles were monitored.
Survey instruments used vere the Nuclear Instrument and Chemical

Corporation Gei ger survey meter, modsl 2610A and the Victoreen Instrument
Company Geiger survey meter CD V-T0O (Victoreen model 661). These

instruments were calibrated August 14 using & 10 mgm radium gource,

window closed. An interval of five miles ves used with readings taken at three
feet and at two inchas, wvindow ocpen and closed. Areas of special interest were
monitored at 2.5 mile intervals. The asrial survey snd ground monitoring

vere coordinated so that the ground survey route vas glso traversed by the
DC-3, Samples of soil, vegetation and milk were collected August 17.

Mr. Rovert Sandvig at the South Dakota State School of Minss and
Technelogy, Rapid. City, was consulted about the monitoring and other
observations Gone by Dr. Willard and hinself. Ceptain Jackson, CER officer
at Ellsvorth Air Foree Base, wvas contacted by telephoue.

~ Monitoring by the ground survey tesm indicated the maximum gamma
intensity was less then 0,05 mr/hr and the approximate beta plus gamma
‘levels were less than 0,50 mr/hr measured at two inches,

The location of radiation intensities of greater than two times

background determined by aerial survey along roads and by ground survey are

1170867 .
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radionetivity contributions of Diablo and Stokes to the Belle Fourche
region. When the analysis of the collected soil samples are completed,
2dditionnl information may permit an indication as to which fall-out

pattern uontnmigsted vhich erea.
Monitoring by the ground survey team was dorealong Highway # 1h

from Rapid City to Sturgis continuing on Bighvay § 24 to Belle Fourchs and
northwest on Righvay # 212. In addition, monitoring vas done north from
Sturgis nlons Highvay # 79 to Highway # 212 continuing west to Belle Fourche.
A total of 1GO miles were monitored.

Survey instruments used veres the Nuclear Instrwmeant and Chemical
Corporation Oel ger survey metar, model 2610A end the Victoreen Instrument
Company Geiger survey mster CD V=700 (Victoreen model 661). These
instruments wvere celibrated August 14 using a 10 mgn radium source,
vindov closed. An interval of five miles was used with readings taken at three
feet and at two inches, window open and closed. Areas of special interest vere
monitoredl at 2.5 mile intervals. The eerial survey and ground monitoring
vers coordinated so that the ground gurvey route was also traversed by the
DC-3. Bamples of soll, vegotstion and milk were collected August 17.

Mr. Rovert Sandvig at the South Dakota State School of Mines snd
Tznhnology, Rapid. City, was consulted about the monitoring and other
orstrvations done by Dr. Willard and himself. Captain Jackson, CBR officer
at Ellesvorth Air Force RBase, was contacted by telephone.

Monitoring by the ground survey tean indicated the maximum gawma
intensity was less then 0,05 mr/hr and the epproximate beta plus gomma
levels were less than 0,50 mr/hr measured at two inches.

The location of radistion intensities of grester than two times
Yackground determined by aerisl survey along roads and by ground survey eve

111708b8
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1isted in Toble 1. Distances ¢f the sericl survey are given in airline

miles andl ground ronitoring in rosd miles,
The nerisl and ground monitoring data for the area traversed by

both groups are presented in Teble 2, The asrial survey dats are glven
in terme of total sctivity, without background correctionas. The readings
from 45‘:;&‘ instrunents are reported a3 gama at three feet. The beta plus
grms date were teken with the probe windov open at two inches above the
ground. The distances, from reference points, ginq in Table 2 ere road
milenges.

The ground monitoring data in Table 2 vere obtained frow petive
gressiand, except that in Hermamn Park vﬁich was taken on moved lawn grass.
CGround monitoring indlicated the soil in grain, corn, potato and alfalfs
Tields had from one-quarter to one-balf the rediation intensity of adjacent
virgin grasslard. The one exception was an alfalfa field in South
Pelle Fourche, where the lovel was ainilar to that on adjacent native
gresnland.

The semples of soil and bulk vegetation eonéetcd vill be essayed, An
attempt will be mnde to detemino the predominate particlo size at thid
distance of 850 milea from Yucea Flat, NTS. Certain soil fractions are
to.be assayed radiochemlcelly. Bpe=cific sctiivity per particle will be
further studied, There perticles are being isolated from the leaf material
collected,

The milk sanple from the Belle Fourche market will be assayed radio-
chemically for 8r and Co.

In an attempt to investigate the validity of the suggestion that
Bremsatrahlung ﬁould effect electroscope dosimeters, certasin information was -
obtained from personal cormunications and available literature (eee
Appendix II),

. .
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TABIE 1
SITES F MAXIMBES RADIOACTIVITY IETIRMIKED BY AERIAL OR GROUND MOYITORING

1. Creater than two end ope-half times baclyivund
A. Torthvest from Junction of Highways {' 65 and f 212, on # 212,

1. Mrinl: 9 « 12 niles
2. Ground: 12.9 iaﬁ.les

B. Rorth of Junction of Highveys # 85 end [ 212, on # 85.
1. Aerial: 9 milos (oo ground Gata).

C. Junction of Highwayn # 85 and # 2h,

1. Aerial: At Junction (Do ground duta),
J1. Greater than two times bhackground
A, West of Junction of Highvsys # 65 and # 24, on_# oh,
1. ferial: O - B niles

2. Ground: 5.0 milss

B. Northwegt from Junciion of Highvay» # 85 acs {f 212, on f 212

1. Aerial: h - 5, 6.5 ~ 13 miler
2. Ground: 12.9 miles

C. Rapid City mortlerest to Junction Highwuys # 2k and ¢ 85, on # 24
1. Aerial: 15.5 miles, 21.5 - 2h miley north of Biurgis

2. Groryd: 16.1 miles north of Sturgls .
3. Groval: 3.5 miles gnuvth of Stwigle
{Aaria): Peak of 1.8 times backgroundl kereo, Also a
peak of same intensity at 4 miles norch of BSiurgis,)
D. Bapid City, South Dakota to Gillette, Wsyming vie Rovte # 16
1. flerinl: 1} miles rorthwest of Upton, Wyoming (Ho gvound data).

-5 a
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T4BLE 2

RAVTQLOGICAT. SURVEY OF BRLIY FOURCHE, SCUTH DAXGTA AREBAR, MOUS? 15 - 17, 1937
{AZRIAL SWET/EY DACKGRCUND 1,100 c/a)

1. Wzat of Jmctino of Wgnmys # 85 and ¢ 2, on Highway § 24

Nietanen Aerini. Burvey Ground Burvey Average Iatensity
in miles Counia/szcond Gamra, 3 £t Eeile » gerema, 2 in.
ar/hr
2k 1200 0.015 0.108
25,6 1200 0.015 0.10
0.2 1h00 0.025 0.115
5.0 £000 0.03 0.169
.7 2000 0.04 0.193
5.0 1500 0.045 0.435

2. Portheeat of Belle Fourciae from Junction of Highvays £65 end # 212, on § 212,

20,3 1500 0.015 0.10
22,0 1200 0.015 0.118
0.5 2300 c.02 0.08
17.9 1700 0.02 0.1k
anh 1800 0.01 0.129
12,0 @709 0.055 0.275
b D 2800 0.03 0.172
TeT 2300 0.01 0.13
) 10900 0.03 o.117
2.2

1500 0.035 0.138

3. In Balle Fouvciw

Terniion - v blothks
et of Higrmy # 83,
1.0 al. north of Jot.

FErdzhad 0 0.04 0.%0
Favmamm Pork - - 0.175
Fral of elty Mnmlt 2600 0.035 0.328

- 6 -

11710811



[COCUMENT SOURCE
University of Cukfornia at Los Angeles

Universily Archives

SENES TINE

%WM& e 2l

POX MUMBER

FOLDGR NAME

“PEC.

¢

rasw A MUGNIER- Il o 20

Table 2 (Continued)
Davance Aerind, Survey Ground Survey Averspe Iptensity
in nilen Cownic/occond Cenitm, 3 it pave 4 goema, 2 in.
mr/hr

h. Enst of Belle Pourche City Limit on Higtnmy # 212, Towards Jusction of
tighuey # 79 and f 232,

0 800 0.035 0.328
1,0 1000 0.03 0.103
2.0 2000 0,03 0.266
k.0 00 0.02 0.15
5.8 1900 0,03 0.16
T.8 1700 0.02 0.154
2.8 1600 0.015 0.123
15,7 1300 <0.01 0.10

5. Papid City Norilnert to Junction Highways # 24 and §f 85, on Hwy # 24 and #ib,

(4] 800 0.025 0.125
37 1960 0035 o1sk
o L] o. -
6.8 1300 0,015 0,09
2.1 00 0.055 0,235

’;“5 cG Shurgin - - o -

5.9 1900 o. 0. hX
g}og li?'-'ﬂ 0,025 0.10'!;
Do 1 00 . 0103 0.1.1
by 1500 0.0L8 0.12;
k3.0 2000 0.01% 0,145

0.9 Jet, 2000 - -

€. fturgls to Junation Mighvoys # 212 and £ 79, on Bighvay § 79

2.1 v 0.02 0.118
6.0 ® 0.02% 0.13
12.5 -~ - 0,02 0.12
37.5 asco 0.01 0,092
21.5 1300 <0.01 0.078
- 7 -
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AFFENDIX X

Summary of NHotap on

Digeussion of Rain Out with
Dx. John W. Willard, Profassor of Chemistry

and

Dr. Forert Bondvig, Instructor, Chemical Engineering Department
South Dekots School of Mines

and

termit H. lerson, Director, Progran 37, CETG

fvguat 12 - Augset 17
1957
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fopendix I

fuannry of oies on direvacion with Dr. John W. Willard in
presence of Ifv. feorge Antor on roraing of £/12/57, werchouco 6, IIS.

Pr. 4, Hillard ioc e physinal cbemiat, Frofessor at South Dakota
8chon). of Mirea, Rapid Cily, Bouth Dskota.

Dr. Robert fandvig, Iostructer, Chemicel Enginmering Depoxtamont:
fouth Dalinta Bchool of Miner, on the mornios, of 8/17/57, at Bapid City,

South Dakota.

According to Dr. Willard, Dishlo fallecui was first detected by
progpeetors in the general erea of Bslle Fourche, On July 17, 6 p.m.,
Pelle Fourche apmarantly received its first fall-out. (It wes mot
moted 1T 1t was raining at {he time; howvever, scattered shovers were in

the general avea).

Itr. Daviy, county health officer wns e contact. Readings were
ohtsined ra high as 20 mr/hyr at 3 £t supposedly.

Azcording tn Willard, (ensral Arnt (2), Btate Civil Defenes
Director and Capinin Jackeon, the CBER officer at Ellsvorth AF Pese
‘vars in the piciure’.

At Napid City, the baclground on the one CD Geigor surwy mstexr
(rotel G3-3CD) that Dr. Willard ané. Mr. Sardvig have is 0.02% to 0.030
mr/by vindow clozed,

0a July 17, 8 p.m., rending st Rapid City was 0.3 - 0.5 nr/br
uwirdoy cloasd, At the Alr Force Fage, using survey meter nefel PDR 27
the emme readinge ware cbta’ned,

At B:lle Poarnhe, 6 to 10 Er/br, provably window open. A 5 mile
dirreter evea was roeding botweon 3 to & mr/hr window closed (7) at
July 18, & a.m,

Tre Spasrfish Velley wns lover,

On July 19, the Dyputy Sheriff of Delle Mourche aros called in the
‘hot' renlings basnd on pronpectore' revorin according to Willerd.

Oa July 19, afternoon, readirgs by Willand were 0,5 to 1.0 mx/hr at
3 ft. 10 mr/hr near surface of alfelfa plants (probebly virdow open).

8011 measurad at 2 to 7 inchee above surface was reported by Wilhyni
to he 0.5 « 1,0 rr/hr with vindow open. (Confirmed by Sendvig, who
ricoried at the 5 mile Steak Bouse, east of Bolle Fourche on Highway { 212,
on July 22, 1 mr/br beta - pewre ord on July 25,0.5 sr/hr beta - garaa, )
'Bot apots' were also reported by ¥Willard up to 5.0 mr/br on lavn of
Dr. Davis in Bells Fourche,

1170814
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From lowm {end rorbeps other loentionn) soil serplec were
aollcetad - 6" x 6" ard 3" « 4" desp. Using a Pendix donimetor
(r=nz2 O ~ 20 x) mounted O ebove in leb, €01l eample having been
sorcrd on the lab bench evprowizatsly 6 cquare on Friday (Jvly 19):
by Batvrday a.m., aftar Ui br esposure, reafing was 0.18 r ond 2k hr
evpoaure was 0.3 ¥ orcord’ng to Fillard. Other dopimaters (0 - 20 r
reng?) in the xoom hod not changed, at lesst; one was uscd for ‘control’.

Willerd d1d chomical pepavations on the soil, using ¢ Keleket
modal o0 1sb demonstrntor ss the dstector. Rzeds in counts per minute.

H2 rrported finding:

Cr ) RrAloactive

8 Thare fractions were furter jdontified by epesctrographic
Fo emmlynis.

In

A mrgratie frnction wes alsp obiained by Willawd and was found to
te radioastive., ATter xenoving 5102 from the remaining residue, it was
found to bz radicantive,

Hate: Fo valves wore given by Willard,

Rrndings fvom mounted dosireter over soil were 0.9 to 1 r per
72 hours (eguivalent ©n one @iviPion of the totsl scnle of the dosimetar).
Ey holding the proba (M “ube) of the Keloket instmument over the soil
sorple in the lab bench, n reaading of 600 c/m was maported by Willard,
(Using n CoGO atandard, the keleket givens 450 ¢/m equivnlent to
1 mr/hr by survey meter.)

Jorr 2h, Hillexd erd others returned to sawe proviously monitored
srann arorrd B2lle Fonrchn, It ves voted that the deesy wan not as
rapid an svrponaed to be,

July 26, Taptnin Jeckson ccllectefl milk from o farmer, Willard
ewporated onr ltor prd nshed the residve. Using Kelekot instrument
obtained 200 to 3C0 ¢/m oa eshed material.

Mr. Keleon from Fublic Beadth, Rapid Clty, collected milk somples
el gont these to USPES a’ Cincimneti., Algo alfalfn and wvater sawples.

{Ancording to Dr. Puining telecon on August 13, the results obtaiaed
bty USSP on water fron reservoir at Belle Fourche collect2d on July 27 7
and assayed on July 3). gave 1,160 puc/l ot time of collection or L.k x 107
pe/ml, Boil et Reservoir slightly above background.) _

General ioformation hHy Willard. Ceplein Juckeon separated black
sctive sphares from soil sazples, Checking with Captain Jeckson (tslecon
Jsckson spd Iarson, Avgust 17) Jackson says he vas not eble to
pesitively identify spheres and he 434 not make that statement as given
by Willard at RIS.

1110875 -0 -
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Lopendix X
{con™ioued)

fronxding to Willard, Jecison obinined & rmodsl PDR-103 eilnba survey
moter end chtnined an elpw indiestion (waek) on soil sample on
Jillord'e lob tench,

Accoviling to Willexd, on Angnst 8, approximately 11:00 a.n., the
kelzkei Snstrvment indicated an increpse of activity of nvproximately
1,000 o/m ehort 2 £t from his office windw, It was reinirg.
Accsrding to Sevdvig on Asguwst 17, 1t started raining at 9:15 a.m. on
Auront. 8,) Hillerd reported the ectivity es measursd by nurvey meter
with probe adjacert to driin spout from chemistry duilding roof to be
10 to 20 mr/hr.

Hillaxd codled Coptein Jeckson at this time to check oround the
AP Treoa, Jackson reported 0.3 mx/hr,

Willard and others vant to Pelle Fovrche starting fiom Rapid City
ahout 1:00 p.n.  Enroute Willard held prode of survey mater out the
wirdow of vahicle (Chevrclet sqalen) bzhivd the no-Arafi’ window and
obteined approctimntely 10 we/hr at b £t ehove ground suxfece,
¥i)lerd’s party opprosched Pells FPourche from the enot (Rinhwxy ¢# 212),
mermunl af praviounly lccsted aveas (Disblo pattern), 0.3 mr/hr was
one valua Hillard xrsvesidc red.

in Jmmnun Pavk, Bzlle Fourche, lenven of shrvbs - 30 mr/br, A
enrple of rain puidies in park on August 9, 8:00 a.m. gave 0.2 - 0.3 o/,

Enrouie to S8perafisk, Iocalized areas were found of 5 mr/hr,

Yillatd Iaft Rap3d (Mity lete afternoon, August 9 to attend
training projaet 35.5, CITG.

F170876
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