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FOREWORD

Operation Roller Coaster can be considered a continuation of
Projects 56 and 57, Operation Plumbbob, both of which were
initial attempts to define the problems associated with scattered
plutonium. Although these projects provided a wealth of valuable
data, the very uniqueness and complexity of the problem made it
impossible to foresee zll the data requirements and parameters
requiring field study. As a result, some critical data points
were questionable when applied to operational situations.

As a result of the complexity of Operation Roller Coaster
and of the necessity to coordinate the results of the various
events, the organization of this report is somewhat different
from gﬁat ordinarily associated with weapons tests reports. The
format used presents each event as an integrated effort, as it was
accomplished in the field, using the individual project contri-
butions as required to present data, results, and conclusions in
the least voluminous manner. Each project report is provided as
an appendix, thus expanding the details of each part of the
entire project,

Volume 1 contains overall results from Operation Roller
Coaster, and Volume 2 contains individual reports from all
projects which participated in the operation.
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ABSTRACT
Operation Roller Coaster, carried out in the western sector of the

Las Vegas Bombing and Gunnery Range with joint US/UK participation,
was a research program devoted to the study of non-nuclear ex-
plosions of plutonium-bearing devices in different environs. The

principal and several objectives were to investigate by exposure
of animals to precisely measured aercsols the biological hazard of
plutonium scattered by non-nuclear explosions, to evaluate the ef-
fectiveness of earth covered storage structures in reducing the
radiological hazard produced by a detonation within the structure,
and to improve mathematical cloud models by which to forecast the
areal extent of plutonium dispersed, and the magnitude of radio-
logical exposure likely from any given accident situation., Four
shots, called DOUBLE TRACKS and CLEAN SLATE Nos,., 1, 2 and 3 were

fired,

Three species of animals (dogs, sheep, and burros) were exposed to
measurable air concentrations of plutonium. On site, physical
instrumentation comprised surface and air collections over areas
which varied shot to shot from about 9 to 70 sguare miled. On three of
the four shots, a large balloon-supported vertical air sampling
array was operated to attempt direct quantification and character-
ization of plutonium in the cloud. Quite detailed micro-meteoro-

logical data were collected as well.

Postshot surface activity measurements with alpha and gamma survey
instruments and with a gamma spectrometer (vehicle-mounted) gave
gross estimates of plutonium accountancy. Within that portion of
the lug/M2 contour contained in the instrumented array (variable
from 9 te 65 sq. mi.) integrations gave the following: 206g on
DOUBLE TRACKS, 65g on CLEAN SLATE No.l, 275g on No.2 and 202g on
No.?. Field laboratory counting of collected deposition panchets
gave similar answers. Field counting of air sampler stages was

done also; these rough data show the variation in total and nom-
inal respirable plutonium collected as a function of field position.

The results of this series of experiments should serve as a basis
for agreement between the United States and the United Kingdom on
mutual standards for the storage, transport, and handling of

plutonium-bearing weapons.

3

CONFIDENTI!AL

—

. A -y gy =

i



e

PREFACE

The work and enthusiasm of the Referee Team for Radiochemical Analysis are warmly
acknowledged. Their careful preparation of bidding specifications, evaluation of contract
proposals, confirmatory analysis of qualification samples, and agreement to prepare
spikes during the long foreseen analytical work were major contributions to Reller

Coaster.
The Operation Roller Coaster staff acknowledges the invaluable contributions made to

the scientific effort by members of the following military organizations:

UNITED STATES ARMY

502nd Chemical Co., Fort Bragg, North Carolina
"USA Dispensary, Ft Sam Houston, Texas
27th Ord Det, Tooele Army Depot, Tooele, Utah
Hgq Troop Command, Ft McPherson, Georgia
Medical Research Institute, Bethesda, Maryland
Hq 5th USA Army Vet Food Insp Sv, Chicago, Illinois
Fort McArthur, San Pedro, California
U.S8. Army, Ft Meade, Maryland
XVIII Abn Corps and Ft Bragg, North Carolina
. 27th Ord DGT {ED), Ft McArthur, California
SO 53d Trans Co, Ft Irwin, California
Armed Forces Institute of Pathology, Washington, D.C.
58th Ord DET (ED), Ft McArthur, California
50th CI Det, Ft Polk, Lousiana
1st Army Vet Food Insp Unit, 346 Broadway, New York City, New York
Ft Lewls, Washington
101st Abn Div and Ft Campbell, Kentucky
Hg Dt, USAH, Ft 3ill, Oklahoma
3rd USA Element, Memphis Army Depot, Memphis, Tennessee
24th Chemical Co., Ft Bragg, North Carolina
USATC Inf, Fort Dix, New Jersey
USA Garrison, Boston Army Base, Massachusetts
USA Hosp, Ft Leonard Woaod, Misscuri
Walter Reed Army Medical Center, Washington, D.C.
Hq 6th Army, Presidio of San Francisco, California
170th Ord DET {ED), Ft Lewis, Washington
Hgq USA Hosp Ft Hood, Texas
Patterson Army Hosp, Ft Monmouth, New Jersey
84th Chemical Co., Ft Bragg, North Carolina
Ft Belvoir, Virginia (USAEC and FB)
1352d Photo Gp, LmL, Los Angeles, California
USASCC, Arlington Hall Sta, Arlington, Virginia
USA Engr Center, Ft Belvoir, Virginia
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USA Armor and Arty Firing Center, Ft Stewart, Georgla
1st Ord Co. GAS, Ft Chaffee, Arkansas

UNITED STATES AIR FORCE

8648th A¥ Recovery Gp Reserve, Alameda, California
6th Weather Sq, Tinker AFB, Oklahoma

USAF 8chool of Aerospace Med, Brooks AFB, Taxas
4900th USAF Dispensary, Kirtland AFB, New Mexico
AFMDC (ARSV) Holloman AFB, New Mexico

Hq. AF Logistical Command, WPAFB, Ohlo

6571st Aeromedical Rsch Lab, Holtoman AFB, New Mexico
6570th AMRL, WPAFB, Chio

6550th Support Wg, Patrick AFB, Florida

Med Sq Section, USAF Hosp, Eglin AFB, Florida

Hq AFSC, Andrews AFB, Washington, D.C.

ﬁugway Proving Ground, Dugway, Utah

I* Brooks AFB Hosp, San Antonio, Texas

rmly
‘ontract
ire

-

Hq, Ft Sheridan, Illinois

Dugway Proving Ground, Dugway, Utah

502d MP Co, 2d AD, Ft Hood, Texas ]
ade to

Hq Trp 1st Recon 8q, 15th Cav 2d AD, Ft Hood, Texas

UNITED STATES NAVY

Naval Const Bn Center, Port Bueneme, California -
ComCB LANT, Davisville, Rhode Island

] USN Missile Facility, Pt Arguello, California

Navy Medical Center, Bethesda, Maryland

Navy Hosp, St Albans, Long Island, New York

——

] Selected and specially trained military personnel collected from all sections of the

F United States and the United Kingdom were integrated directly into the scientific

Project Agencies and comprised more than one-half of the assigned strength within the

total effort. The quiet, efficient, and professional manner in which this military~ "
civilian team carried out all phases of the scientific effort to achieve the outstanding

success evident in Roller Coaster is a tribute to each man and the service he represented.

-y

5

CONFIDENTIAL

Lo suchianehetiny L g




THIS PAGE INTENTIONALLY LEFT BLANK

6

CONFIDENTIAL

o e A PE

STa.

gt v




et S b okt AN o kit o,

CONTENTS

FOREWORD - - -~ -—mmmc oo e e o e e e e e e 2
ABSTRAC T mmmcmmmmmmmm e e e e e s m e r e e e - = 3
PREFACE ~— -~ mmmmmm e e e e e m e e e e e e e e e - 4
CHAPTER 1 INTRODUCTION ~---=-- - mm e m e e e e e e e e nm e o - - 13
1.1 Background == =— - = = w ~ - e m e e e e e e oo 13
1.2 Objectives——— - == ==~ m s m e e o e e e e m e m - - 14
1.3 Organization == == --—-~--=- - - - = - e m e e oo 15
CHAPTER 2 DESCRIPTION OF EXPERIMENT -~ ~-~------mocmmnm - - 17
2,1 Locations ——=-=———~~-—m @ o e e e — - 17
2.2 Experiment Motivations and Desipng - == ~- =~ - e e e e — e e 17
2.2.1 DOUBLE TRACKS ~---—m e mmr e c e e e e e e e e e m e 17
2,2.2 CLEAN SLATE - -~ - - == - - e e e e e e m e e e e e o - 18

2.3 Weapons Requirements and Moedifications - =~- -==-oc-m oo n - = - 19
2.3.1 DOUBLE TRACKS ~=-— - - - mm s o e e mr o — e e me o o - 19
2.3.2 CLEAN SLATE ------ - - - - et e e e e e e - - 19

2.4 Bafety Procedures - --=--=------- oo mm e e e - 19
2.5 Control Point---=~=--- =~ -cc-- e e o e e m e —e e e - 20

CHAPTER 3 PROJECT STRUCTURE AND EXECUTION OF EXPERIMENTS 32

3.1 Introduction — - -~ - -~ m e e - e o 32
3.2 Projects =-r- - m e e e e e e - 32
3.2.1 Project 2.1, Special S¢il Deposition Measurements,
Eberline Instrument Corporation--- - -~ = - - - v m o oo 32
3.2.2 Project 2.2, Air Sampling Measurements, Nuclear
Defense Laboratory--- - — -~ -~ - - e o oo o e m e m e m o 33
3.2.3 Project 2.3, Fallout Sample Collections, Isotopes, Imc. —- - - - - - - 33
3.2.4 Project 2.4, Micrometeorclogical Measurements, U.S.
Weather Bureau - - - - - = - s - c o e e e e e — e e o - 33
3.2.5 Project 2.5, Alpha Survey, Eberline Instrument Corporation - - - - - 33
3.2.6 Project 2.6a, Special Particulate Characteristics, U. 8,
Naval Radiological Defense Laboratory--------ccccmao—- 34
3.2.7 Projects 2.6b and 2.6¢c, Special Particulate Studies,
Isotopes, Inc., and Tracerlab - - - -~ - - - - e mm e oo a - 34
3.2.8 Project 2.7, Balloon Support, Sandia Corporation ~------~---- 35
3.2.9 Project 2.8, Off-Site Survey, U.S. Public Health Service - ------ 35
3.2.10 Project 4.1, Biomedical Studies, University of Rochester -~ - - - - 35
3.2.11 Project 5.1, Sample Handling and Processing Facility,
Tracerlab — == - e mmm o e e e e e 35
3.2.12 Project 5.2, Radiobiological Analygis ~-=----v-nececmao——- 35
3.2.13 Project 5.3, Radiochemical and Physiochemical- - - - -~ - -« - 35
7

CONFIDENTIAL




CHAPTER 4 EVENT DOUBLE TRACKS

4.1 Descriptionof the Bvent - - - -« ~- - - - e e o . ___o__
4.1.1 Instrumentation and Animal Array =----------~-c oo ___ 36
4.1,2 Balloon Arrays —=-=-----m o e e e oo 36
4,1.3 PreshotEvents == --=--—ccmmme oo cm oo amm - -_ 36
4.1.,4 Shot Phase -~~~ --~==—- - - c e e mm e e e o am oo a7
4.1.5 Postshot Phase = — -~ == - - m cm e e e e e em o 37
4,2 Results - --- - - e e e e e e e . 37
4.2.1 Alpha Survey =----- - - - e e e e mama 38
4.2.2 Afr Concentrations ~-—==-=----cmmm e e o L.o 38
4.2.3 Cloud Concentration and Dimensions -------—-=c oo e _ 39
4.3 Discussion =====--- - = e e e oo 39
CHAPTER 5 EVENT CLEAN SLATE NO.1 -----ecc-r o e ommaao 48
5.1 Descriptionofthe Event - == - - - ===~ = e e oo e e 48
5.1.1 Instrumentation--- - ===~ -~ e e e mmme oo 48
5.1.2 Balloon Arrays -~---—--m=---~- - mmm e e e oo 48
5.1.3 Preshot Events - ——-==-—- - cm s e e e e e e mma o 48
5.1.4 Shot Phase ~ -~ === s v~ me e o e e e oo 49
5.1.5 Postshot Phase ~~--~---om e oo e e 49
5.2 Results ~==-~-== - - - - s e e e ool Lo 49
5.2.1 Alpha Survey Results ~=-~---=---c oo e o 49
5.2,2 Air Concentrations - --=--=--- -+ -~ m e e e .o 45
5.2,3 Cloud Concentrations and Dimensions ~-— - === - - - ecee_____ 50
5.3 Discusslon ==-==+ s - m s e e e mmm o —o o 50
CHAPTER 6 EVENT CLEAN SLATE NO. 2 -—=mcemo o mme o e _ 58
6.1 Descriptionofthe Event -~~~ === o c s mm e e e e e e Lo 58
6.1.1 Imstrumentation------=---=@« oo e 58
57 6.1.2 Balloon Arrays ——-==-——— =~ - - - - mm e e 58
6.1.3 Animal Array ==« - - === s m e e oo 58
6.1.4 Preshot Events - == -~ - = - e oo e e e e oL 59
6.1.5 Shot Phase ===~ —- - e oo e e m v e e e a el 58
6.1,6 Postshot Phase -~ =~ ~ -~ - e m o o oo o e e oo 59
8.2 Results—~--—c— - mm e e e e e e mmae - 59
6.2.1 Alpha SurveyResults - =~----—c~ccmm mmee .. 59
6.2.2 Airborne Concentrations -—--=«------cmw oo mmm - ____ 59
6.2.3 Cloud Concentrations and Dimensions —=~-—-==---— - o—aco__. 59
6.3 DiscUBSION —-=-=-—~--- " e e em oo oo 60
CHAPTER T EVENT CLEAN SLATE NO, 3--------emmm e e e & 72
7.1 Description of the Event - - === - - - - cm e cm e e e e e e e e 72
) 7.1.1 Instrumentation=- - - =~ === -0 C oo e eemea 72
P 7.1.2 Bailoon Arrays - —=--=--~m=mm oo e oo oo 73
7.1,3 Preshot EVONtS -« ~— - == o - 0 - o oo e e e e mmmmm e 73
7.1.4 Shot Phage ~ === == == - —~ = oo oo emeoaoan 73
7.1.5 Postshot Phase —~—-==-- - - cm - s r e e e e e e e e m e = 73
7.2 Results - - - —— - - == - o m e e o s 74
7.2.1 Alpha Survey-~----cm=m s e e e ae 74
7.2.2 Alrborne Concentrations -~ == ---= - - - mwm e e o 74
B
CONFIDENTIAL

-




7.2.3 Cloud Concentrations and Dimensions === -w-- == e ncecccan 74
73 Discussion —=~-=--- - mc e mm e r e e e e m e o e 74
CHAPTER 8 GENERAL CONCLUSIONS AND PROSPECTUS - --~=--~-~--- 87
8.1 Interpretive Basgis ~=----ccc-cmme e e e e m e 87
8.2 Plutonium Accountancy --------~--=--~- - - mmm——mm—a 88
8.3 Particulate Spectra=--—-=--- e c e mrc e e m e e - 8§
8.4 Biophysical Factors ——~=----cm o e c e e m e e e e e - 89
8.5 Hazard Evaluat{on =---=--==---~m--ccmmme e mwe oo e e 90
TABLES
8.1 Integrations of Alpha and Gamma Survey of Ground
Deposition of Plutonjum------------- -~ cvov e m oo 62
FIGURES
1.1 Roller Coaster organizational chart - - ----==-=~--- - 16
2.1 Roller Coaster Bite plan — == -~--—-—~—c- - o e mm - —a- 21
2.2 Fixed ground instrument array for DOUBLE TRACKS --v-=—-wam- -~ 22
2.3 Movable instrumentation array for DOUBLE TRACKS --=-=v------ 23
2.4 Animals and their normal field positiong------=----"-"-"-“cc--- -~ 24
2.5 Nominal balloon array positions and intended instrumentation ------- 2h
2.6 Sketch of first balloon curtain - ==----=-==--"2 -2t~ 26
2.7 Typical instrumentation of intended Arc R balloons - ~--~--=---=---~ 27
2.8 Igloo detail for CLEAN SLATE No. 3 -=--—--m=-~v- oo mm - = m o 28
2.9 CLEAN SLATE No. 1 device array--=-==-=== - ooano 29
2.10 CLEAN SLATE research devices array --~----=~===-—---n -~ 30
2.11 CP complex and trailer space assignments - - --~-=~---=-=-=-—-— - 31
4.1 Two views of DOUBLE TRACKS cloud at time of first
balloon intergcept —=-==- - == - — s - e e —ea 40
4.2 Hiph-speed DOUBLE TRACKS sequence from 1,500 feet
NOrth of GZ === ==~ == s m e e e e oo o 41
4.3 DOUBLE TRACKS deposition contours by alpha survey
N Ug/mi == s m s s m e e e 42
4.4 Deposition contours by alpha survey in ug/m>, DOUBLE TRACKS---~- 43
4.5 Total plutonium {in air sampler) during DOUBLE TRACKS
cloud passage - - -~ -=~- "S- - - s - o e e e oo 44
4.6 Respirable plutonium (kn air sampler) during DOUBRLE TRACKS
cloud passage — - -~ --=-----c-- - - - e 45
4.7 Comparative air concentrations measured by sticky cylinder
collections on DOUBLE TRACKS at 2,500 feet - --=~-----~--- 46
4.8 Comparative 4ir concentration by measurement of sticky
cylinder collections on DOUBLE TRACKS at
13,000 feet ————------- - e e e e e e o - 47
5.1 CLEAN SLATE No. 1 deposition contours by alpha survey
fn pg/ /Ml - mmmm e e e 51
5.2 Deposition contours by alpha survey in ,ug/mz, CLEAN SLATE
(o S e 62
5.3 CLEAN SLATE No. 1 alpha survey meter readings {(cpm) in
GZ Area ——=- - - - mm e e e e e e e 53
9

CONFIDENTIAL




5.4 CLEAN SLATE No. 1 alpha survey meter readings (cpm) in

GZAreas Aand B-----------momm e e e ool 54
5.5 Two views of CLEAN SLATE No. 1 cloud at time of balloon

curtain intercept — - ------ - - -~ - e e e mmoaoo 55
5.6 High-speed CLEAN SLATE No. 1 sequence for 1,500 feet north

Of GZ == mmmm e 56
5.7 Comparative air concentration measured by sticky cylinder

collection on CLEAN SLATE No. 1 ------~-cmmcmmummau 57
6.1 CLEAN SLATE No. 2 ground zero grid system showing

placement of air samplers=-—-==~=m====c == ___ 61
6.2 CLEAN SLATE No. 2 array showing placement of fixed array

for air samplers —--—--~—-- -~ - ee e mmee - 62
6.3 CLEAN SLATE No. 2 array showing placement of

movable array for alr samplers -~ -----=-=----~--——-—- - - 63
6.4 Instrumentation and placement of ground zerc balloon

array, CLEAN SLATE No.2 ---~-----------=--cccomuoo- 64
6.5 CLEAN SLATE No.2 deposition contours by alpha

. BUrvey in pg/m ------=- - - - - oo oo oo me oo 65

6.6 Deposition contours by alpha survey in pg/ mz,

CLEAN SLATE No. 2-----~~==--- - e — 66
6.7 Total plutonium {g) in air sampler uptake during

CLEAN SLATE No. 2 cloud passage ——---=~-===~=-=---v - 67
6.8 Respirable plutoniwm (g} in air eampler uptake during

CLEAN SLATE No. 2 ¢loud passage ~~--—----=========v-==- 68
6.9 High-speed CLEAN SLATE No. 2 sequence for 1,500

feet north of ground zero -----~-----------—s—o——n - 69
6.10 Two views of CLEAN SLATE No. 2 cloud at time of

balloon curtain intercept - -----~==c-----------—-—-~—-— -~ 70

6.11 Comparative air concentrations measured by sticky
cylinder collections on CLEAN SLATE No. 2 at

2,500 feet ~——-—---=------- - e e e e ce e - 71
7.1 Instrument placement on air sampler array for CLEAN
SLATE Np. 3-— - = - = s - s e m e e e e e e e e m e 75
7.2 Final placement of movable array of air samplers as
o fixed stations on CLEAN SLATE Ng. 3 =-=w=mc-c-mmooomoo- - 76
.?#W-,iw‘f 7.3 CLEAN SLATE No. 3 ground zero grid system showing
: placement of both original and added air samplers-------~---- 77
: 7.4 Additional air-sampling stations on CLEAN SLATE No. 1
%m array for CLEAN SLATE No. 3 -~ --=-==--~--coooommemmo 78
= 7.5 Placement of pressure and acceleration instrumentation
M in and around the receptor igloo on CLEAN SLATE No. 3------- 79
e 7.6 Instrumentation and placement of ground zero balloon array,
CLEAN SLATE No. 3----——-—=~--srmmemm e o a BO
7.7 CLEAN SLATE No. 3 deposition contours by alpha survey
inpg/m?----- B e e 81
7.8 Deposition contours by alpha survey in ug/ mzl CLEAN
SLATE NO. 3 == === ---mmo oo oo oo mammmcmemm oo 82
7.9 Total plutonium {ug) in alr sampler uptake during CLEAN
SLATE No. 3 cloud passage -—-----------=======-=-=-___-_ 83
10
CONFIDENTIAL




7.10 Respirable plutonium (ug/m) in air sampler uptake

during CLEAN SLATE No. 3 cloud passage -~~~ ~~----~—=-=_-_ 84

7.11 Two views of CLEAN SLATE No. 3 cloud at time of
balloon curtain intercept - =~ --- -~ - - e e e e e e meo— oo 85

7.12 High-speed CLEAN SLATE No. 3 sequence for 1,500
feet north of ground zero---~- =~ =- - - oo —m e e mema 86
REFERENCES — = - = === — = === mmm = e oo e e e 93
DISTRIBUTION = = o = = = = = = = = m m o e o e e e e e e e e e e 94

11

CONFIDENTIAL




THIS PAGE INTENTIONALLY LEFT BLANK

12

CONFIDENTIAL

3
-
-



T R vrn L nm e

CONFIDENTIAL

CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

With the advent of the manufacture of plutonium at Hanford
in 1944, concern for its biological effect was foremost in the
minds of individuals responsible for the health and safety of
personnel working with the material. Physical and biomedical
programs were carried out and, subsequently, radiological stand-
ards in the form of maximum permissible levels (MPL) were
established for body organs considered critical and of maximum
permissible concentrations (MPC) in air and drinking water.

Plutonium is an alpha emitter and therefore constitutes an
internal hazard only. It can enter the body via ingestion, inhal-
ation, or through cuts or abrasions. The mode of entry into the
body of greatest concern is by inhalation, since past research
programs have indicated that the uptake of plutonium by the
gastrointestinal (GI) tract or by wounds is small. Any particle
small enough to reach the lower respiratory tract has an excel-
lent chance of adhering to alveolar surfaces and causing local
radiation damage. The rate of removal 1is low and is considered
to have a biological half-1life of about one year. Some of the
particulate matter so captured may, if locally soluble {even
otherwise perhaps), be transferred directly inte the blood stream
over a period of several days. Any nominally insoluble material
so transferred stays as blood burden until its trace solubility
allows eventual assimilation to the extent of some 70 percent of
the material carried. This 70 percent is believed to be distrib-
uted principally in the bone, where it remains indefinitely, as
far as the human lifespan is concerned. There is also evidence
that particles in the lung are taken up by phagocytes and are
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deposited in the hylar lymph nodes.

The development of plutonium-bearing weapons of modern design
has creatred a situation wherein potential accident conditions
exist in conjunction with transportion, storage, and operational
readiness, which could subject mot only research and industrial
workers but also lecalized segments of the general public to some
degree of plutonium exposure. This condition could result if the
device accidentally burned or were accidentally detonated. Exten-
sive safety studies conducted in conjunction with the design of
new-type weapons demonstrated that the destruction would be
entirely non-nuclear. Evidence gathered from other tests
(especially by the UK) and accidents that have occurred indicates
that problems associated with burning weapons are much less
seriouws than those associated with a detonation.

The first tests to determine estimates of the plutonium con-
tamination problem were carried out at the Nevada Test Site (NTS)
in November 1955 and January 1956. These studies were followed by
a second field experimental program known as Project 57, Operation
Flumbbob. This was accomplished in April 1557.

The results of these studies were used as a basis for storage
and transportation criteria of plutonium-bearing weapons through-
out the United States. However, when overseas storage sites were
established, population densities in the vicinity of the sites
were on the average considerably greater than in this country.
Further, acute levels of air concentration deemed permissible in
the UK were somewhat more restrictive and additional delineation
of the exposure problem appeared necessary. These factors led to
a meeting on 12 July 1962 of representatives of the United
Kingdom, the U. S. Atomic Energy Commission, and the U. §. Depart-
ment of Defense. This meeting resulted in the formulation of a
paper entitled '"Concepts and Objectives of Proposed Plutonium
Scattering Tests' in which the basic objective was, ''to investi-
gate the biological hazard of scattered plutonium and to
evaluate the plutonium-scavenging effects of the earth-covered
storage structures.' This paper was used to formulate the field
test plan for Operation Roller Coaster.

1.2 OBJECTIVES
The objectives of the research program were:

14
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(1) To obtain, by physical and biological measurements,
necessary data on the plutonium airborne particulate to permit an
assessment of the acute (inhalation) hazard.

(2) To measure the distribution of plutonium on the ground
to permit detailed accountability of the amount involved in the
field of measurasment.

(3) Teo evaluate the total effectiveness of the structures,
including varying thicknesses of earth cover for reducing the
radiological hazard from a real accident.

(4 To obtain those data of special importance in forecast-

ing the hazard arising from a real accident {cloud models}.

1.2 ORGANIZATION
Operation Roller Coaster was a joint U. S. Atomic Energy
Commiésion, U. §. Department of Defense, United Kingdom Atomic
Energy Authority {AEC/DOD/UK) research program. The detailed
organizational structure is shown in Figure 1.1. Xey personnel
selected were:
Research Group Director: Lt Col James L. Dick, USAF
Scientific Director: Dyr. James D. Shreve, Sandia Corporation
Deputy Scientific Director: Lt Col J. Stuart Iveson,
AWRE /UKAE A*
ALOO Coordinator: Mr., Everett R. Mathews
CHDASA Program Advisor: Lt Col Jack €. Bentley
Scientific Planning and Policy Group:
Dr. Gordon Dunning, DOS/AEC
Dr. William Otting, Hq/DASA
Dr. Kenneth Stewart. AWRE//UKAEA
As this was a joint program with the United Kingdom, its
representatives were considered an integral part of the scientific
team. The UK was represented by 14 personnel who were integrated
into the field activities. Subseguently, UK laboratory personnel
are to perform a portion of the chemical analyses and participate

in the evaluation and interpretation of the experimental results.

*Atomic Weapons Research Establishment. United Kingdom Atemic

Energy Authority [AWRE, UKAEA).
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CHAPTER =
DESCRIPTION OF EXPERIMENT

2.1 LOCATIONS
Operation Reller Coaster was conducted on a portion of the

Las Vegas Bombing and Gunnery Range and Sandia Corporation's
Tonopah Test Range (TTR) in southwestern Nevada. The basic ¢ri-
terion for site selection was a relatively flat area fairly remote
from populated areas. Four tests were planned: DOUBLE TRACKS
and CLEAN SLATE No. 1, No. 2. and No. 3.

Three shot points were chosen in Cactus Flat and one in
Stonewall Flat, approximately 20 miles east of Goldfield. Nevada.
The approximate test area in Stonewall Flat stretched from
37°32'N to 37°50'N and from 116°46'W to 117°05.5'W in which
ground zero for DOUBLE TRACKS was set at 37°42'22.53"N;
116°59' 14, 23"W. The inclusive coordinates bounding the
Cactus Flat area used were 37°33'N to 37°50'N and 116°30'W to
116°46'W with three ground zeros identified as follows:

CLEAN SLATE No. 1, 37°42'30.92"N; 116°39'25.09"W; CLEAN SLATE
No. 2, 37°U5'40.4%"N; 116°36'48.58"W; and CLEAN SLATE No. 3,
37°45'3% 22N, L116°40748.88"W. The relative locations, grid area

coverage, and orientations are shown in Figure 2.1.

2.2 EXPERIMENT MOTIVATIONS AND DESIGNS
2.2.1 DDUBLE TRACKS. The DOUBLE TRACKS event was a research

study designed to investigate the characteristics of the plu-
tenium-bearing particulate material, formed from a one-point
detonation of a device located one foot above a steel-faced

concrete surface. The study required elaborate measurements,

throughout the field, of the duration and intensity of aerosol-
ized plutonium during its diffusion and settlirg {from the
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detonation cloud. The corresponding ground deposition pattern was
a major interest as well. Finally, DOUBLE TRACKS had the addi-
ticnal special intent of exposing animals and air samplers to the
same respirable concentrations of plutenium and uranium.
Thus, the aerosol particle size spectrum, its immediate transport
and fallout and its biological uptake, original body depositionm,
metabolism and eventual sites of retention were all principal aims
of this event.

In the field pursuit of these aims, an extensive array of
ground and balloon-borne air samples, fallout collectors, over-
lapping stations for three species of animals (burros, sheep, and
dogs) and special instruments extended more than 9 miles downwind
over a 90-degree sector and encompassed an area of about 70 square
miles. Stations and instrument positioning on the arrays are
indicated in Figures 2.2 through 2.5. Many features of the samp-
ling arrays were movable up to one hour before shot time; certain
others were manned and mobile through the period of cloud passage.
Vertical curtains of sampling instrumentation, supported by large
balloons, were placed in the downwind grid. These too were
capable of being moved to assist in interception of the cloud
{(Figures 2.6 and 2.7).

2.2.2 CLEAN SLATE. The three CLEAN SLATE shots were

designed to contrast weapons accidents, with respect to hazard per

unit plutonium mass contained, for conditions of open storage,
storage in a DASA igloo with 2 feet of earth cover, and storage in
a proposed DASA igloo with B feet of earth cover (Figures 2.8 and
2.10). By U. S. storage criteria, the maximum quantity of plu-
tonium permitted in a standard igloo is twice that allowed for
open storage. Yet no satisfactory test data certification of this
ruling has ever been made.

In CLEAN SLATE No. 1, nine devices were detonated in sequernce
to simulate normal propagation (Figure 2.9). Extensive physical
measurements were made throughout the array as shown in Figure 2.2
except that the array was shortened in length to 35,000 feet
(Figure 2.1).

The hazard moderation by earth cover was measured in two
experiments conducted in igloos covered by 8 feet (CLEAN SLATE
No. %) and 2 feet (CLEAN SLATE No. 2) of earth, respectively.

18
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Figure 2.8 is a representation of the CLEAN SLATE No. 3 igloo,
showing two compartments, one of which was instrumented for blast
effects. The CLEAN SLATE No. 2 igloo consisted of a single com-
partment. Each igloo contained 19 devices (Figure 2.10). One
device in each igloo contained plutonium. The arrays for

CLEAN SIATE Neos. 2 and % were approximately 3 miles in length and
% miles wide at the distant arc (Figure 2.1}, with instrumentation
and layout similar to that shown in Figure 2.2.

Limited extent of all arrays was a practical matter; clearly,
some activity would travel farther downwind in all cases. Off-
site, this contingency was met through measurements by the
United States Public Health Service (USPHS). Since extra instru-
ments and time were available on CLEAN SLATE No. 3, additional
remoie stations were activated. Balloon curtains were also used
in all CLEAN SLATE events except in CLEAN SLATE Neo. 3, when no

large balloons were available.

.3 WEAPONS REQUIREMENTS AND MODIFICATIONS
The following devices, modified as indicated, were used:

2.%5.1 DOUBLE TRACKS. One device was contained in an alumi-

num case and made suitable for one-point detonation at one of
three preidentified detonator wells. All oralloy was removed and
replaced with depletalloy of similar mass and configuration. The
device did not contain any form of initiation system.

2.3.2 CLEAN SLATE. Each of the two igloo events (CLEAN
SLATE Nos. 2 and 3) required a total of 16 devices. One device in
each shot contained plutonium, the other 18 contained depletalloy.
The total mass content in each was equivalent to that contained in

an unmodified device.

The open storage event required one device, modified as out-
lined in Section 2.3.1, and eight HE spheres, modified as outlined
for the igloo events. No device contained any type of initiation
system. Details of the device design are contained in Refer-

ence 1.

2.4 SAFETY PROCEDURES

Dedudding operations were deemed advisable and accomplished
for both Stonewall Flat and Cactus Flat. Both of the intended
work areas were used formerly as gunnery and bombing ranges. All
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identifiable HE hazards, as well as scrap metal bombs, were
removed.

It was anticipated that the concentration of plutonium dis-
tributed beyond the site and adjacent government land would not be
hazardous. Even so, decision to fire each shot included a spe-
cific evaluation of off-site contamination in light of shot time
meteorology. The devices used in the program were modified to
insure no nuclear yield.

An extensive Rad-Safe plan was prepared for all events,
covering criteria of dress, protective equipment, respiratory
devices, contamination levels, and procedures. This plan treated

e g

preshot training, operational aspects of Rad-Safe, monitoring,
postshot environmental health, decontamination, and off-site
safety’ The Rad-Safe policy was based on a philosophy of

b v e

the absolute minimum exposure ceonsistent with operational success;
in no case was an exposure in excess of present industrial stand-
ards anticipated. The details of the radiological safety plan are
contained in Appendix A.

Other safety aspects such as vehicle operation, fire regula-
tions, industrial safety, and medical ald were established in
consonance with presently accepted standards and, in some cases,
made more rigid because of unusual operations.

Following the completion of the operation, adequate decontam-
ination and/or reclamation of the area was accomplished.

2.5 CONTROL POINT

A special control peint was established to provide a center
for the rigid control of the diverse operations. The CP consisted
of trailers which could be quickly redeployed between events. The
general layout appears as Figure 2.11.
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8,500

é'l"l'l’lc.lL INSTR.

a 41,250

r X +8,000°

INSTRUMENTATION

. ® 2550 o SURVEY PADS-12| PER ARC 34° APART

& 622 INTEGRAL FALLOUT COLLECTORS-El PER ARC |/%4° APART
+ 78 TOTAL AR SAMPLERS-§ PER ARC

B 57 CASCADE IMPACTORS- 4 PER ARC

TYPICAL INSTR AT ARC-N

Figure 2.2 Fixed ground instrument array for DOUBLE TRACKS,
(Maximum array used.)
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I S

P 35,000

48,000

NOTES.

I. DESIGNATED ARCS CONTAIN HTOTAL AIR SAMPLERS
AND 20 CASCADE IMPACTORS

2 TOTAL INSTRUMENTATION-99 TOTAL AIR SAMPLERS
AND 180 CASCADE IMPACTORS

RC-N 3 SAMPLERS SPACED |'/2" APART
4 ADDITIONAL INSTRUMENTATION

ARC F—SEQUENTIAL AIR SAMPLERS -10
ARC L-SEQUENTIAL FALLOUT COLLECTORS-11

Figure 2.3 Movable instrumentation array for DOUBLE TRACKS.
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Rk,

ARC ANIMALS

E 24 BURROS
36 SHEEP
24 DOGS

G 36 BURROS
60 SHEEP
42 DOGS

| 24 BURROS
36 SHEEP
24 DOGS

Figure 2.4 Animals and their nominal field positions.
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ARC | INSTRUMENTATION

8 60 CASCADE IMPACTORS
33 TOTAL AIR SAMPLERS
744 STICKY CYLINDERS
18 STICKY PLATES

H 44 TOTAL AIR SAMPLERS
165 STICKY CYLINDERS

R 16 CASCADE WMPACTORS
200 STICKY CYLINDERS

Figure 2.5 Nominal balloon array positions and intended instrumentation.
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Figure 2.7 Typical instrumentation of intended Arc R balloons.
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Figure 2.8 Igloo detail for CLEAN SLATE No.3.
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Figure 2.9 CLEAN SLATE No. 1 device array.
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Figure 2.10 CLEAN SLATE ‘Jresearch devices array.
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CHAPTER 3
PROJECT STRUCTURE AND EXECUTION OF EXPERIMENTS

3.1 INTRODUCTION

Operation Roller Coaster was a joint Atomic Energy Commis-
sion, Department of Defense, and United Kingdom (AEC/DOD/UK)
research pfogram conducted in a manner to insure that the three
agencies were fully satisfied with the method of execution of the
effort. (Overall responsibility was invested in the Research Group
Director, the Scientific Director, and Deputy Scientific Director,
representing the DOD, the AEC, and the United Kingdom, respec-
tively, who formulated the details of the scientific program
including the technical worth of instrumentation, its calibratiom,
field position and orientation, sample recovery and packaging,
data recording, etc.) The field execution of all experiments was
done by project assignment to selected contractors. The organiza-
tional structure was shown before in Figure 1.1.

3.2 PROJECTS

Summary listing of projects by formal title, contractor, and
brief statement of objectives is given below. Each project pre-
pared a formal interim report, which appears as an appendix to
this main text in Volume 2.

3.2.1 Project 2.1, Special S0il Deposition Measurements,
Eberline Instrument Corporation. The primary objectives were:
{1) to evaluate in detail the distribution and retention of plutonium
and uranium in materials (e.g., concrete, steel, device fragments)
at and immediately around GZ; and (2) to correlate, by chemical
analysis, radiac meter readings of plutonium contamination with
absalute surface levels of plutonium deposition (see Appendix B).
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%.2.2 Project 2.z, Air Sampling Measurements, Nuglear
Defense Laboratory. The objectives were: (1) to determine the
size and activity of plutonium-bearing particles and their spatial
distribution in the cloud (balloen-borne instruments) and near the
surface; and (?) to determine the variability of these measure-

ments with time (see Appendix C).
%.2.% Project 2.3, Fallout Sample Collections, Isotopes,
Inc. The objectives were: (1) to determine surface concentra-

tions of plutonium and uranium as a function of position relative
to ground zero; {2) to measure the time of arrival of contaminants
and their accumulation rate with time and position from ground
zero; and (3) to provide samples of fallout material in a form
suitable for special particle characteristics study (see

Appendix D).

%.2.4 Project 2.4, Micrometeorological Measurements, U. S.
Weather Bureau. The objectives were: (1) to make a local
¢limatological survey of the areas involved so that the specified
conditions for the shot could be recognized in advance from the

synoptic situation; (2} to provide observations and forecasts for

preevent technical operations and for the implementation of the
operational safety program; and (3) to make the following measure-
ments during the period of interest of each event, for use in
developing a cloud model: (a) surface wind velocity at positions
throughout the sampling array, (b} wind velocity-height profiles,
(¢c) temperature-height profile, and {d) turbulence-height profile
(see Appendix E).

3.2.5 Project 2.5, Alpha Survey, Eberline Instrument Corpo-
ration. The objectives were: (1) to provide a large-area radiac
survey of the plutonium-contaminated area and establish contamina-
tion level contours; (2) to provide data concerning approximate
distribution and concentration of plutonium on the ground in
support of other projects; (3) to provide a higher sampling
density than was practicable by radiochemistry alone; and (4)
finally, to attempt correlation of results by radiac meter read-
ings with the more absolute results from chemical analysis of

deposition samples [Appendices B and C).
Secondary objectives of the project were to investigate the

feasibility of portable and mobile low-energy gamma detection
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techniques for uranium and plutonium and to rapidly delineate by
these means surface-contamination boundaries tov assist this and
other projects in strategic equipment placement and recovery (see
Appendix F).

3.2.6 Project 2.6a, Special Particulate Characteristics,

U. §. Naval Radiological Defense Laboratory. The objectives were:

(1) to determine the physical and chemical nature of the fallout
resulting from non-nuclear detonations of weapons containing plu-
tonium. The primary measurements were to include: (a) the total
mass of fallout and the amount of plutonium and uranium collected
per unit area, (b) the distribution of the fallout mass among
various density fractions, (c) the fallout particle size distribu-
tion of each density fraction, and (d) the distribution of plu-
tonium and uranium by particle size and particle density. In
addition, limited studies will be made of the amount of scil
present as well as the chemical state of the plutonium and uranium
and their leaching and exchange behavior in several liquids (see
Appendix G).

%.2.7 Projects 2.6b and 2.6c, Special Particulate Studies,
Isotopes, Inc., and Tracerlab, Inc. The objectives included

attempts to determine: (1) distribution of particles in terms of
their active constituents; (2) distribution of active particles in
terms of their microscopically observed sizes, giving mass and
number distributions; (3) shapes of individual particles and vari-
ations in shape in groups of particles; (4) visible characteris-
tics and comment generally on color, nature of surface, etc.; {(5)
composition of individual particles with particular emphasis on
sizes a few microns and less; (6) approximate specific activity of
individual particles and their variation with particle size; (7)
presence or nonpresence of significant agglomeration effects; (8)
general frangibility by noting breakup of particles on impactor
slides; {9) indication of any deterioration in cascade sampler
performance due to overloading or poor operating conditicms; {(10)
particle size distributions including nonactive particles on the
first stage of impactors on all CLEAN SLATE collections; (1l) a
simple and bulk disaggregation or particle disintegration with
time in air and water; {12) by chemical analysis, following parti-
cle analysis, mass of active constituents; and (13) mass per unit
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area on deposition samples.
%.2.8 Project 2.7, Balloon Support. Sandia Corporation. The

objective was to provide support for vertical air sampler curtains
and cable-mounted meteorological equipment on all Roller Coaster
events {see Appendix H}.

3.2.9 Project 2.8, 0ff-Site Survey, U. S. Public Health

Service. The objectives were: to detect and document any dis-
persal of contaminants beyond the operations area (see Appendix
I).

3%.2.10 Project 4.1, Biomedical Stucdies, University of

Rochester. The objectives were: (1) to maximally expose several
species of animals to the plutonium-rich aerosol produced by non-
nuc lear detonation of a plutonium-bearing device; (2} to sample
and have analyzed each tissue (bone included) that might contain
plutonfum as a result of inhalation; and (3) to study plutcenium
deposition, retention, and metabolism, and correlate these with
physical exposure environment by species (see Appendix J).

3.2.11 Project 5.1, Sample Handling and Processing Facility,

Tracerlab. The objectives were to provide: (1) sample retrieval
(from instruments). handling, and packaging; (Z) on-site counting
of selected samples; (3] decontamination of instrumentation for
subsequent experiments; and (4) sample recordation, storing, and
shipping for further analytical work (see Appendix K.

3.2.12 Project 5.2, Radiobiological Analysis, Hazelion Nuelear

Science Corporation (5.2A), Tracerlab (5.2B), Eberline Instrument Corporation (5.2C),

and isotopes (5.2D). The objective is to provide accurate laboratory analysis of animal

tissue, bone material, feces, urine and other animal associated samples lor plutonium
vontent. Uranium content analysis will be periormed on five pervent of all avuilable
samples.  With the exception of the long term unimal sucrifice program, it is expected
that the radiobiological unalysis on all present samples will be completed on or before
1 April 1964.

3.2.13 Project 5.3, Radiochemicul and Physiochemical Analvsis, Huzelton

Nuclear Scicnce Corporation (5.3A), Tracerlab {(5.3B), Eberline Instrument Corporation

(5.3C), Isotopes (5.3D7. The objuctive is to provide large scale laboratory analysis of

soil, air sample filters, and fallout samples for plutenium conalent. LUruanium content
analysis will be performed on live percent of all samples available. It is expected that
radiechemival and physiochemical analysis will be completed on or before 1 April 1964.
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CHAPTER 4

EVENT DOUBLE TRACKS

4.1 DESCRIPTION OF THE EVENT

R U - )

4.1.1 Instrumentation and Animal Array. Instrumentation for

—

DOUBLE TRACKS was in accordance with the experimental plan, with
the exception of failure to achieve all the balloon arrays wanted.
The animal array was divided between Arcs E, G, and I and,
each animal rack was instrumented with Casella MK II impactors and
total air samplers. Full details of animal loading and position-
ing are given in Appendix J.
4.1.2 Balloon Arrays. Due to balloon losses in the period

from mid-April onwards, it proved impracticable to mount the
second balloon curtain. The main curtain on Arc B was instru-
mented as planned, apart from minor exceptions. The array of
individual UK balloons planned to be located on Arc R was also
necessarily modified and moved to Arc J to form the second
curtain.

There were also losses of these individual balloons in the
preshot phase. The number of the larger type balloons, capable of
carrying the required two cascade impactors, was reduced to three.
The remaining five were of a smaller variety and carried only
sticky sampling cylinders at 50-foot height intervals to 1000
feet.

4.1.3 Preshot Events. DOQUBLE TRACKS was originally
scheduled for 1 May 1963 but due teo balloon failures, it was
delayed until 0100, 13 May. On l2 May, the array was instru-
mented, and by 2300 the balloon arrays had been rigged and raised.

The expected northerly drainage {low was not established. Fairly
strong, southerly upper winds prevailed to keep the resultant too
far in the east. The shot was cancelled at 0300 and the balloon
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arrays were derigged.

On the forecast of a thermal trough over the area on 14 May,
H-hour was rescheduled for 0100, 15 May. During 13 May, high
winds up to 40 knots occurred, and on 14 May checks were made for
deterioration of instrumentation, fallout collectors, etc. which
had remained in the field; faults found were rectified. Twe of
the original three balloon curtains were again instrumented and in
position by 2359,

4.1.4 Shot Phase. With the exception of wind speed,
acceptable meteorclogical conditions were established by 0100, and

the movable array was adjusted to line up with the wind direction.
A temperature inversion of about 2.5°C at 500 feet had developed
but wind speeds at GZ were too high, in the range 13 to 15 knots.
Further down the array, however, they were in the acceptable range
{below 10 knots) (see Appendix E).

At 0230, a decrease in wind speed was apparent. This trend
continued, and DOUBLE TRACKS was fired at 0255, 15 May 1963. Wind
speed at GZ was 1l knots and of decreasing intensity further down
the array. Wind shear of some 25 degrees existed within the
vertical extent of the cloud.

4.1.5 Postshot Phase. With the exception of the incremental

fallout samplers and a few other minor failures, all instrumenta-
tion operated correctly.

Cloud photography using a sequence of 50-million candlepower
flash bulbs was successful. Details of photographic equipment and
its positioning are given in Appendix L.

Delineation of the fallout area was accomplished first by use
of Project 2.5 mobile gamma scanner. This information was used to
start the alpha-survey teams in optimal locations. This survey
was completed before noon of D-day (see Appendix F).

Sample collection took place under good weather conditioms.
All samples were carried to Project 5.1, On-Site Laboratory, for
identification, counting, and packaging.

4,2 RESULTS

At the time of preparation of this report, the only results
available comprised:

{a) Alpha survey data

{(b) Field alpha counting of:
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(1) A proportion of air samplers
(2) A proportion of planchets from fallout collector

g

stations c

(3) The majority of sticky cylinders from the balloon t

arrays (

(c} High speed film of the detonation and stills from cloud jie
photographs. These still require detailed analysis but Figure 4.1

shows two views of the cloud about the time of intercept of the u
first balloon curtain. A three-frame extract from the high speed

movie appears as Figure 4.2 to show jet extent and early fireball ¢

deve lopment.
4.2.1 Alpha Survey. Alpha survey results have been plotted

to show rough fallout contours on Figures 4.3 and 4.4, The PAC-3C
survey meter is set by gain adjustment to read 420 cpm on a stand-
ard source equivalent to 1 ugm/me and the conversion of survey
data to contour plots has been based on this relationship. Due to
the effects of self-absorption, this method underestimates the
concentration by a factor which is dependent on both down-wind and
cross-wind positions in the fallout area.

Certain microscope slides from Arc H were studied in the
field by R. F. Carter of UKAEA,using an autoradiographic technique
he developed. Description of this study and detailed results are
given in Appendix M. Especially informative is the comparison of
autoradiographic results with levels deduced from alpha survey and
counting of fallout planchets. On the arc checked, H, the
activity seen by autoradiography was almost always higher by a
factor between 1 and 5 with an average of 2 to 3.

It will be noted that the factor referred to above varies
considerably across the arc; an average value lies between 2 and
3.

4,2.2 Air Concentrations. From the counting data on air

sampler stages,an assessment has been made of the total airborne
concentration contours,Figure 4.5,and of that part of the airborme
concentration likely to be a respirable hazard (Figure 4.6). The
latter is a broad approximation and is deduced by subtracting from
the total impactor sample the material on Stages 1 and 2 of both
Andersen and Casella impactors.
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4.2.2 Cloud Concentration and Dimensions. The cloud photo-
graphs already presented as Figure 4.1 should be viewed as a

correlary of the data from-field counting of sticky cylinders;
these data are shown as Figure 4.7. The farther balloon curtain
(Arc J at 13,000 feet) also contained sticky cylinders whose
measured activitries led to Figure 4.8.

4.3 DISCUSSION

Field counting is qualitatively satisfying, even useful to
get semi-quantitative information. Unfortunately, until the pre-
cise results are available,the real quality of data now in hand
cannot be judged., Therefore, caution must be exercised in
approaching any conclusions as yet.

The degree of experimental success was clearly high and good
analyticél steps to come will produce a tremendous supply of data
heretofore unavailable,

39

CONFIDENTIAL




Vot P Tk sl

Sration 4
M 18 SEconD ’

IODGT
I
1
]
-+
'
'

oo

Figure 4.1 Two views of DOUBLE TRACKS cloud at time of
first balloon intercept. (Sandia Corporation photos)
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H + 4 milliseconds

H+ 14 milliseconds

H + 33 milliseconds

Figure 4.2 High-speed DOUBLE TRACKS sequence from
1,500 feet north of ground zero. (Sandia Corporation

photos) 41
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CHAPTER 5
EVENT CLEAN SLATE NO. 1

5.1 DESCRIPTION OF THE EVENT

5.1.1 Instrumentation. Instrumentation on the array was as

planned, with the following exceptions:

) (a) At 21 statioms throughout the array, water-filled
trays were exposed to collect samples suitable for solubility
studies.

{b) Since additional air sampling equipment was avail-
able, some forty additional instruments were positioned throughout
the array at existing sampling stations (see Appendix C}. This
will eventually allow some estimate to be made of the relative
sampling of different instruments at the same location.

(c) Several stations were equipped with double fallout
collectors to allow a similar comparison to be made on the varia-
tion of fallout on separate collecting surfaces at the same loca-
tion.

5.1.2 Balloon Arrays. Continuing high winds between events
caused further damage to Project 2.7 balleoons and it again proved
impracticable to rig a second balloon array. This event was
therefore planned with the balloon curtain on Arc B only. It was
not possible to utilize the individual UK balloons,since their

1ift capacity flying at the required minimum of about 2000 feet

was inadequate.
5.1.% Preshot Events. It was anticipated that the minimum

length of time between events to allow efficient sample collec-
tion, equipment decontamination,and redeployment would be seven
days. CLEAN SLATE No. 1 was therefore scheduled for 22 May. On
20 May, the main balloon was damaged during inflation and had to
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be deflated for repair. A 2l-hour delay was therefore called.

On 22 May, the array was instrumented and the balloon curtain
rigged.

Suitable meteorological conditions failed to occur; and H-hour
was changed to 0100, 24 May. During 23 May, damage to a catenary
cable of the balloon array caused a further delay, and H-hour was
rescheduled for 0100, 25 May. Instrumentation on the array was
inspected periodically to ensure that it remained in a satisfac-
tory condition.

5.1.4 Shot Phase. On the night of 24/25 May, with northerly
synoptic winds supplementing the drainage flow, wind speeds were
initially too high. At approximately 0345, the winds commenced to
decrease in speed and in the first 2000 feet there was an almost
complete absence of directional shear. CLEAN SLATE No. 1 was
fired at O417, 25 May,with a wind speed of 12 knots, a temperature
inversion of approximately 5°C 600 feet deep, and with very small
directional wind shear (Appendix E).

5.1.5 Postshot Phase. Delineation of the fallout area was
carried out as described for the DOUBLE TRACKS event. Sample
recovery was accomplished satisfactorily.

The remote switching system for the eastern half of Arc F

failed to operate,with the consequent loss of air samples on this
half-arc. The incremental fallout samplers were partly success-

ful; three stations operated fully.

5.2 RESULTS
The results available for this event are on the same basis as

for DOUBLE TRACLKS.

5.2.1 Alpha Survey Results. These are presented in
Figures 5.1 through 5.4, As yet no autoradiographic inves-
tigation been carried out on CLEAN SLATE No. 1 samples, and it
must be assumed at this stage that the contours given by alpha
survey are an underestimate of deposited material by a factor of
between 2 and 3% in general.

5.2.2 Air Concentrations. A contour of total airborne con-
centration was not prepared,but the sampler data are given in
Appendix C. No attempt was made to single out the respirable
airborne concentration due to the very low total levels.
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Typical cloud

5.2.% Cloud Concentrations and Dimensioms.
photographs at the time of passage through the balloon curtain are
High speed

shown as Figure 5.5 with suitable dimension scales.
Counting results from

sequence is again given (Figure 5.6).
balloon-borne sampling equipment are shown in Figure 5.7.

5.3 DISCUSSION
Wind speeds were higher than optimum but within the limits adopted for the experi-
ment. Thus, the accountable percentage of total plutonium released will be lower than
expected. The intercept pattern on the balloon curtain is reassuring, however, and ol
o
quite a good source description will probably result. °;
¥
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H+4 milliseconds’

H+14 milliseconds

H+33 millisecends

Figure 5.8 High-speed CLEAN SLATE No.

1 sequence for 1,500
feet north of ground zerg.

(Sandia Corporation photos)
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CHAPTER 6 de

EVENT CLEAN SLATE NO. 2 Oi

t

6.1 DESCRIPTION OF THE EVENT ) v
6.1.1 Instrumentation. Instrumentation employed in addition c

to that originally planned was as follows: n
(a) At 35 stations in the movable array and at the two s

mobile stations,water-filled trays for the collection of solubil- c
ity samples were set out (see Figures 6.1 and 6.3). s

(b) Air sampling equipment not originally required 5
because of the lesser area instrumented here was assigned either
to duplicate positions for instrument comparisons or set to
intensify coverage or extend it (see Figures 6.1, 6.2, and 6.3).

(c) Two Casella MK II impactors were placed on each of
two towers (Figure 6.1) located close to the bunker door to obtain
samples of material from the fireball shortly after it issued from
the door. One set of impactors was mounted on a 30-foot tower,
the other on a 60-foot tower. In each set, one impactor sampled
for one second after zerc time and the other for three seconds.
The impactors were suitably shielded from the heat of the fire-
ball. Details are given in Appendix C.

6.1.2 Balloon Arrays. The main balloon array was instru-
mented as planned and located on Arc B. 1In addition, three small
UK balloons were located within 500 feet of GZ (Figure 6.4); two
were placed to obtain early samples from the dirt cloud produced
by the venting of the bunker roof, and one was placed to obtain
an early sample of the fireball issuing from the bunker door.

6.1.3 Animal Array. No participation of Project 4.1 was
planned for any of the CLEAN-SIATE events. Certain animals were,
however, available and two groups, ten burros and ten sheep, were

positioned on Arc E. Further details are contained in Appendix J.

58

CONFIDENTIAL




ition

1lwo

bil-

he v

3).

h of
btain
from

1. d

nall

two

el

RN I

6.1.4 Preshot Events. CLEAN SLATE No. 2 was scheduled for
0100, 31 May. The array was instrumented on 30 May and the

balloon curtain successfully rigged by 2300.
6.1.5 Shot Phase. CLEAN SLATE No. 2 was fired at 0347,
31 May 1963. Mean wind speed within the cloud height was approxi-

mately six knot% with some forty degrees of directional shear. A
weak temperature inversion of 2°C to 500 feet was followed by a
deep isothermal layer to over }500 feet. Due to a wind shift
occurring at shot time, a large portion of the cloud passed to
the east of the balloon curtain on Arc B, although the fallout
was contained within the array.

6.1.6 Postshot Phase. Alpha survey on the main array was
completed by 1100 hours on 31 May,but parts of the GZ grid were
not completed before heavy rain intervened. All air samples were
satisfactorily collected. At 1300 hours, unexpected heavy rain

commenced “and continued for several hours. Due to this, a con-
siderable number of fallout samples, planchets, and microscope
slides were rendered useless. Detalls of fallout samples
recovered before this rain are given in Appendix D.

Both towers located in front of the bunker door collapsed
due, it is presumed, to impact of heavy fragments from the bunker
doors and front wall. The impactors were recovered and the
stages counted. No assessment of the sampling time is possible,
but the samples will be analyzed for quantity of plutonium and
for particle size and nature.

In general, the incremental fallout samplers worked satis-

factorily.

6.2 RESULTS

6.z.1 Alpha Survey Results. Alpha survey results are pre-
sented as Figures 6.5 and 6.6. No results are available for the
A grid and part of the B grid on the GZ array, since these were

not completed before heavy rain occurred.

6.2.2 Airborne Concentrations. Total airborne concentra-
tions based on the field alpha counting of impactor stages is
given as Figure 6.7. Respirable airborne concentrations were
assessed as previously described; they are shown as Figure 6.8.

6.2.3 Cloud Centrations and Dimensions. Photographs of
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fireball issuance from the bunker are given in Figure 6.9. Shots
of the cloud at the time of passing the balloon curtain appear as
Figure 6.10. As mentioned, the cloud mainly by-passed the cur-
tain to the east and only the air samplers on the easternmost
vertical cables showed any activity. It will not be possible
therefore to indicate concentrations over major portions of the
cloud. Figure 6.11 does provide sticky cylinder count data for
the intercepted fraction of the c¢loud.

6.% DISCUSSION

The low wind speed led to higher than expected accounta-
bility of plutonium on the reduced area instrumented despite the
unfortunate directional wind shift that caused missing the
balloon curtain. Final data should permit excellent documenta-
tion of the shot from ground instruments and provide adequate
comparison with CLEAN SLATE No. 1 and 3. In this shot-to-shot
relating, cloud model computations will play a prime role (see
Appendix N}, since there is really no experimental substitute for

balloon curtain data.
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CLEAN SLATE 2 62
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Figure 6.2 CLEAN SLATE No. 2 array, showing placement
of fixed array for air samplers.
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Figure 6.3 CLEAN SLATE No. 2 array, showing placement
of movable array for air samplers.
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On 700-foot balloons: On 750-foot balloons: Casella
Alternating Sticky Cylinders Impactors at 700 feet and
and Discs at 50-foot intervals 350 feet
starting from top with Sticky Sticky Cylinders at 50-foot
Cylinder. intervals.

Figure 6.4 Instrumentation and placement of ground zero
balloon array, CLEAN SLATE No. 2.
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Figure 6.8 Respirable plutonium (ug) in air sampler u

CLEAN SLATE No. 2 cloud passage.

H+1 milliseconds

H+ 11 milliseconds

H+ 47 milliseconds

Figure 6.9 High-speed CLEAN SLATE No. 2 sequence for 1,500
{Sandia Corporation photos)
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Figure 6.10 Two views of CLEAN SLATE No. 2 cloud at time of-
balloon curtain intercept. (Sandia Corporation photos)
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CHAPTER 7
EVENT CLEAN SLATE NO. 3

7.1 DESCRIPTION OF THE EVENT

7.1.1 Instrumentation. Instrumentation added beyond the

basic plan was as follows:

(a) Due to the widespread activity found acrass the
whole S0° arc on CLEAN SLATE Neo. 2 and the difficulty of posi-
tiphing the movable array under light wind conditions, it was
decided to double the spacing between instruments. The movable
array, therefore, ceased to be movable and covered the whole arc

e with instruments at 3° spacing; some effort was made to interweave
movable and fixed instruments (Figures 7.1 and 7.2}.

(b} Solubility samples were collected as for
CLEAN SLATE No. 2 {Figure T7.2).

(c) Over 130 additional air sampling devices were
spread over the array (Figures 7.1, 7.2, and T7.3) and a number
were located on the CLEAN SLATE No. 1 array (Figure 7.4) which lay
to the south of the CLEAN SLATE No. 3 array. This extended the
sampling array by several miles.

(d} Tower-mounted Casella MK Il impactors were operated
in the fireball zone in the same manner as for CLEAN SLATE No. 2.

(e) Sixteen fallout collector stations had duplicate
collectors.

e (f) The CLEAN SLATE No. 3 igloo had a second, separate
and duplicate compartment (see Figure 2.8 in Chapter 2) for eval-
uvation of blast and accelerative forces communicated to it from
the used chamber. This was a non-interfering experiment with
measurements (positions and types in Figure 7.5) made by the
Naval Ordnance Test Station of China Lake, Califormia. BRL and
Wiancko air pressure gauges plus Wiancko accelerometers and earth
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pressure gauges were used,
7.1.2 Balloon Arrays. Due to circumstances described below,

no major balloon curtain was employed.

Two small balloons carrying sticky cylinders and discs were
positioned to obtain early samples from the dirt cloud and fire-
ball (Figure 7.6).

7.1.3 Preshot Events. CLEAN SLATE No. 3 was originally
scheduled for 0100, 7 June, but due te an unfavorable weather

forecast on 5 June, a :z4-hour delay was called.

The array was instrumented on 7 June)and the balloon curtain
was ralsed by 0030, 8 June. At 0100, wind directions were suit-
able but veering steadily. The movable array was, therefore,
relocated in the western half of the fixed array. The winds
veered off the array before this move was completed. Shortly
before first light a hold was calledywhile cloud-tracking cameras
were converted for daylight photography. This was accomplished by
0520 ,but at this time,the winds backed rapidly to such an extent
that the movable array was again wrongly positioned. With the
temperature stability rapidly dissipating. the shot was cancelled
at 0600; a new H-hour of 0100, 9 June, was set.

This additional zd-hour delay gave sufficient time for the
rigpging for a second balloon curtain to be completed; two balloons
had been inf{lated. During the afterncon of 8 June, faults in the
balloons.coupled with local thunderstorms,caused both balloons to
rip.

No further balloons were available within a reasonable time
and to avoid a delay of ut least two or more weeks, it was decided to fire
CLEAN SLATE FNo. 3 as scheduled if meteorological conditions were
zood.

7.1.4 Shot Phase. Meteorological conditions appeared to be

very suitable early in the evening, but H-hour was delayed in
order to ensure persistence in these conditions. At 0330, 9 June
195%. CLEAN SLATE No. 3 was fired with mean wind speeds within the
cloud heig¢ht of approximately five knots. The degree of wind
shear was variable but amounted to some 45°, the majority of which
was in the upper part of the cloud. A strong inversion of some
5.5% C had formed to a height of 1000 feet.

7.1.5 Postshot Phase. Alpha survey and sample recovery were
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completed under good weather conditions.
The 60-foot tower in the fireball zone was destroyed,but

samplers were recovered reasonably intact so the samplings will be
analyzed. The 30-foot tower was relatively undamaged. Five of
the twelve incremental fallout samplers failed to operate
correctly to some degree. With these exceptions, all instrumenta-

tion operated satisfactorily.

7.2 RESULTS

7.2.1 Alpha Survey. The total alpha survey was completed

satisfactorily. Deposition patterns inferred from the survey are
shown in Figures 7.7 and 7.8. More detailed results are tabulated :
in Appendix F.

7.2.2 Airborne Concentrations. Total and respirable air-

[

borne <oncentrations were assessed as before and are shown in
Figures 7.9 and 7.10.

7.2.3 Cloud Concentrations and Dimensions. Photographs of
the cloud at H+129 seconds appear in Figure 7.11. In Figure 7.1:,
three frames from high-speed movie coverage of the bunker are

presented. Of course no direct determinations of the cloud con-
centrations will be possible due to the absence of balloon

curtains.

7.3 DISCUSSION

The readiness of riggings for two full balloon curtains for
the {irst time in Operation Roller Coaster followed by a two-
balloon loss was probably the most severe setback and disappoint-

ment faced in the entire field operation. As in CLEAN SLATE No. :

A

there must be heavy reliance upon the excellent ground level
measurements coupled with careful computation from the mathemati-
cal cloud modeling techniques {Appendix N). The extension of the
alr sampling network onto the CLEAN SLATE No. l grid and environs
became more important than when conceived. Quantification of
material deposited farther downwind obviously helps the plutoniun
accountancy. More important, its characterization will permit
more accurate inference of the particulate spectrum of the source

aerosol, of which direct measure was denied with the lo:~ of

balloons.
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Figure 7.1 CLEAN SLATE No. 3 array, showing placement
of fixed array for air samplers.
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CLEAN SLATE 3 &I
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Figure 7.2 CLEAN SLATE No. 3 array, showing placeme
of movable array for air samplers.
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Figure 7.3 CLEAN SLATE No. 3 ground zero grid
systemn, showing placement of air samplers.
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Figure 7.5 Placement of pressure and acceleration instrumentation
in and around the receptor igloo on CLEAN SLATE No. 3.
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Figure 7.6 Instrumentation and placement of ground
zero balloon array, CLEAN SLATE No. 3.
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Figure 7.11 Two views of CLEAN SLATE No. 3 cloud at time of-
balloon curtain intercept. (Sandia Corporation photos)

85

CONFIDENTIAL




y

H+ 1 millisecond

H+ 11 milliseconds

H + 47 milliseconds

Figure 7.12 High-speed CLEAN SLATE No. 3 sequence for 1,500
feet north of ground zero. (Sandia Corporation photos)
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CHAPTER 8
GENERAL CONCLUSIONS AND PROSPECTUS

8.1 INTERPRETIVE BASIS

Conceptually, the Roller Coaster experiment comprised four
parts, all to be carefully intercompared -- a one-unit open shot,
a mplti-unit open shot, and two multi-unit shots in storage
structures. Different environs, different high explosive yields,
and different degrees of physical confinement of the explosion
complicate the intercomparison. Ideally, each set of results is
to be expressed in terms of the radiological hazard to man. To
start, the source plutonium (and uranium) must be accounted for
and this is a difficult thing to do even with measurements over
tens of square miles (DOUBLE TRACKS). Then, detailing plutonium
found into particle size classes is necessary since the radio-
logical hazard in this case is almost solely inhalation incurred.
Designation of respirable size or respirable size range is not
assuredly simple; particle homogeneity, density, frangibility,
and shape can really influence respirability. Clearly, charac-
terization of particles, especially in these particulars, is
essential. Chemical classification is similarly mandatory,
primarily with respect to likely solubility in body fluids.
Finally, animal uptake, retention or clearance, migration, and
metabolism or simple excretion are climactic factors in the
radiological hazard from aerosolized plutonium.

It may well turn out that with quantification and physical and chemical characteri-
zation of the plutonlum-bearing particles, these blological factors and thereby the
hazard can be satisfactorily estimated. Such estimates are even more acceptable if

they have been verified by field exposure of animals to the carefully measured

aerosol. To wit, Roller Coaster éxperimentation
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included a sizable, three-species animal exposure program.

From the foregoing, it is clear that the copious data
gathered must be precisely reduced and interrelated before final
conclusions may be attempted. Recognition and acceptance of
these conclusions must follow a process of weighing and refining
over a period of months of active evaluation and consideration.
Meanwhile, qualitative, even semi-quantitative observations are
possible as are statements of the completeness and quality of
data gathered.

8.2 PLUTONIUM ACCOUNTANCY

Rather incomplete plutonium accountancy appearé evident
from first integrations of ground level measurements by alpha
survey. O0f course, alpha survey meters give results of
variable quality as age of fallout, most abundant particle size
present,- and nature of surface monitored, vary. Areas enclosed
by 1, 10, 100 ugm deposition isopleths drawn from the alpha
survey data are given in Table 8.1; the same table lists an
estimate of the plutonium thereby accounted for. This assessment
has had two factors of two applied. The first two tries to com-
pensate for greater intensity everywhere within the contour than
on it. The second is an average correction found necessary when
some autoradiographic and alpha survey instrument readings of the
same surfaces were compared across a DOUBLE TRACKS arc
(Appendix M). The overall multiplier of four has much of surmise
in it so one must take the answers as instructive, indicative of
order of magnitude only. GZ area entries are unenlarged quanti-
ties since they were inferred principally from gamma survey
measurements of both plutonium and americium.

More comprehensive accountancy will grow from autoradieg-
raphy of planchets and radiochemical analysis of sticky papers
both from Project 2.3. The promise, from best ground measure-
ments, of accounting for a much higher percentage of the
released amount than Table 8.1 shows is believed to be small.

On DOUBLE TRACKS and CLEAN SLATE No. 1, there is excellent chance
of nearly complete accountancy. Extrapolating from the portion
caught by the curtain on CLEAN SLATE No. 2 should, with the good
photography of the visible cloud, produce a credible accounting
too. The variation in particulate spectrum with downwind
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distance from GZ (on all shots) should imply the nature of the
source spectrum and in so doing allow deduction of original source
strength and the aerodynamic character of particles flying beyond
instrumented areas. On CLEAN SLATE No. 3, this will be the major
accountancy determinant since no balloon data were obtained.

§.3 PARTICULATE SPECTRA

Alr sampling, really extraction of particulate matter from
air, near the ground and on the balloon curtain(s) was done in
most cases with cascade impactors. Thus, most samples or
particulate extractions are directly indicative of mass or alpha
activity divisions among several (five or six) size fractionms.
Unfortunately, the information reported from field counting has
variable quality. Large particle activities (first and second
sampler stages) are underestimated because of self shielding.
Smaller particles are implicitly more accurately counted but all
but the last cascade impactor stages were coated to get high
particle sticking coefficients; variable masking and significant
masking is probable. Fipnal, or millipore filter, stages give
the most likely results from simple counting. With these
provisos, the air sampling results may be studied for first indi-
cations. Obviously, the picture possible must be considered very
incomplete.

Ultimately, however, the accurate assay of these samples (for
plutonium content per stage and for the (Projects 2.6a,b,c)
character of individual particles or subgroups of the particles)
probably will be the most important single element in quantifying

the radiological hazard to man.

8.4 BIOPHYSICAL FACTORS

Field positions of the three species of animals were inter-
meshed during exposure and countable air sample collections were
found throughout the array. The inadequacies of straight counting
of impactor stages are exactly those just mentioned, even more
extreme perhaps because respirability is the added factor of
immediate importance. Respirable or smaller particles occur in
large concentration near the ground only near GZ and are con-
tributed almost totally from the cloud stem which has the smallest

lateral extent. Thus, the cross-wind gradient is extremely
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sharp, much narrower and sharper than the activity deposited on
the ground. Hopefully, enough animals of all three species
inhaled and retained enough plutonium to permit unequivocal
initial uptake data and meaningful metabolism information, both
early and long term (sheep only). Only the precise answers of
radiochemistry can substantiate the real degree of success in this

experiment.

8.5 HAZARD EVALUATION

Patently, the radiclogical hazard to man from the several kinds
of non-nuclear weapon accidents typified by the four Roller
Coaster events was the principal prompting of the Operation.
First, and simplest (though not simple) is the DOUBLE TRACK
situation. Ome can reckon the hazard from the physical and
chemical data above via procedures normally employed in restrict-
ing inhalation of alpha emitters in industry. The biophysical or
biomedical experiments should provide a separate answer for
extrapolation to man. 1Ideally, these two means to the same answer
can be reconciled. This done, data from the other shots will be
more defensibly translated into radiclogical hazard terms, also.
The addition of animals to CLEAN SLATE No. 2 will provide an
additional and key point of correlation. Again, measurable but
low counts were registered by air samples on the animal trailers.

The true measure (radiochemical) will be higher and can be much higher than these

values.

The physical measurements of fallout and air concentration (gross
and size-separated) seem to have been consistently good. Although
the ballon curtain was hit solidly, but two in three times, the
instrumental ground area was not missed laterally on any shot.
Admittedly, on CLEAN SLATE No. 2 the cleose-in pattern (inside
8000 ft.) at the lug/m2 level as deduced from alpha survey ap-
peared to exceed the 90° sector of the array. Even so, the
measurements encompassed nearly the entire area possible.

Thus, a very high degree of success can be claimed for the overall
list of experiments attempted. As important as the direct under-
standing of conditions which obtained for each of the shots fired,
is the ultimate induction from experimental results to more general
terms of description. It was with this in mind that immense care
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was taken in making extensive micro meteorological measurements.
Existing US and UK cloud models have been exercised already on the
measured meteorology of each shot. The resulting ground- and air-
concentrations calculated (Appendix N -~ Volume 8 ) compare
favorably with their preliminary counterparts from survey meter
data and field counted alr samples. Similar comparisons will be
made with more accurate data and with better information fed into
the cloud models on actual particle size and its relation to

activity.

Improvements in the ability to forecast fallout and respirable
plutonium for any reasonable weather situation seem assured.
Furthermore, the influence of storage structures of the type
tested will be believably assessible for the first time. More
general appreciation of hazard modification, by storage structures

of “more arbitrary character, s anticipated.
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TABLE 8.1 INTEGRATIONS OF ALPHA AND GAMMA SURVEY OF GROUND
DEPOSITION OF PLUTONIUM

Deposition Area Inferred
Contour Enclosed Plutonium*
Shot {ug /M%) {M?) Contained {gm)
DOUBLE TRACKS GZ Area Steel Plate 21
1 %.9 x 107 156
10 7.1 x 10° 8
100 2.3 x 107 1
206 Total :
CLEAN SLATE NO. 1 GZ Area --- —-
1 8.0 x 1P 32
10 7.4 x 10° 30
100 3 x 10° 3
. 65 Total
CLEAN SLATE NO. 2 GZ Area 2.9 x 10° 39
1 9.4 x 106 28
10 2.4 x 10° %
100 2.5 x 10° 100
275 Total
CLEAN SLATE NO. 3 GZ Area 1.2 x 107 46
1 4.8 x 10° 20
10 2.0 X 106 80
100 1.4 x 10° 56
202 Total

*i.e., four times the integrated value from alpha survey contours.
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