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PREFACE

Between 1945 and 1962, the United States Government, through
the Manhattan Engineeer District and its successor agency, the
Atomic Energy Commission (AEC), conducted approximately 235
atmospheric nuclear weapons tests at sites in the southwestern
U.S. and in the Pacific and Atlantic Oceans. In all, an esti-
mated 220,000 Department of Defense (DOD) personnel, both
military and civilian, were present at the tests. Approximately
90,000 of these participants were present at weapons tests
conducted at the Nevada Test Site (NTS),* northwest of Las Vegas,
Nevada., v

In 1977, 15 years after the last above-ground weapons test,
the Center for Disease Control+ noted a possible leukemia cluster
among a group of soldiers present at Shot SMOKY, one nuclear test
of Operation PLUMBBOB. Since that initial report by the Center
for Disease Control, the Veterans Administration has received a
number of claims for medical benefits from former military per-
sonnel who believe their health may have been adversely affected

by participation in the atmospheric nuclear weapons tests and
consequent exposure to low levels of ionizing radiation.

In late 1977, the Department of Defense began a study to
provide data to both the Center for Disease Control and Veterans
Administration on potential exposures to ionizing radiation among

*Formerly called the Nevada Proving Ground, the name of the test
range was changed to the Nevada Test Site in 1955.

+Part of the U.S. Department of Health and Human Services,
formerly the U.S. Department of Health, Education, and Welfare.




the atmospheric testing veterans. The Department of Defense

responded by organizing an effort to:

® Identify Department of Defense personnel who had
taken part in the atmospheric nuclear weapons tests

® Provide public disclosure of information concerning
participation by DOD personnel in the atmospheric
nuclear weapons tests.

This report on the first four PLUMBBOB shots, BOLTZMANN,
FRANKLIN, LASSEN, and WILSON, is based on the historical record
of military and technical documents associated with each of the
nuclear weapons test events. These reports provide a publie
record of the activities and associated potential for radiation
exposure of DOD personnel, for use in ongoing public health

reseasch and policy analysis.

Many of the documents pertaining specifically to DOD
involvement during the first four PLUMBBOB shots were found in
the Defense Nuclear Agencv Technical Library, the National
Federal Archives Record Center, the Department of Energy Nevada
Operations Office, 8 d the Los Alamos National Laboratory.* 1In
cert» ° cases, the strviving historical documentation addresses
test specifications and technical information, rather than
personnel data critical to the study undertaken by the Department

of Defense. Moreover, these documents sometimes have revealed

§ inconsistencies in vital facts, such as the number of DOD
participants in a certain project at a given shot or their
locations and assignments at a given time. These inconsistencies
; in data usually occur between two or more documents but occasion-
ally appear within the same document, Efforts have been made to
resolve these inconsistencies wherever possible or to bring them
to the attention of the reader., 1In addition to these inconsis-
tencies in information, the documents describing test organi-
zation projects do not alwayvs distinguish between projects that
were only rlanned and those that were actuai;y conducted.

*Formerly the Los Alamos Scientific Laboratory (LASL)




This report discusses only those projects verified by docu-
mentation as having been conducted.

For several of the Exercise Desert Rock and test organi-
zation projects discussed in this volume, the only documents
available are the Sixth Army Desert Rock operation orders, the
annexes to the Test Director's "Operation Plan CTDN-22," and Air
Force air mission summary reports. These sources detail the
plans developed by DOD and AEC personnel prior to Operation
PLUMBBOB; they do not necessarily describe operations as they
were actually conducted at the NTS. Although some of the after-
action documents summarize the projects performed during the
operation, they do not always supply shot-specific information.
In the absence of shot-specific after-action reports, projects
are described according to the way they were planned. Because
accomplishment of PLUMBBOB objectives required detailed planning

and adherence to operations orders, plans and operations orders

should provide a reasonably accurate account of personnel

activities. The references indicate whether the description of
activities is based on the annexes, operation orders, air mission
summary reports, or after-action reports.

CONTENTS OF PLUMBBOB REPORTS

This volume details participation by DOD personnel in the

first four Operation PLUMBBOB events. Seven other publications
address DOD activities during the operation:

® Series volume: PLUMBBOB Series, 1957

® Shot volume: Shot PRISCILLA, a Test of the
PLUMBBOB Series

Shot volume: Shot HOOD, a Test of the
PLUMBBOB Series

Multi-shot volume: Shots DIABLO to FRANKLIN PRIME,
the Mid-series PLUMBBOB Tests
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! ® Shot volume: Shot SMOKY, a Test of the
PLUMBBOB Series

e Shot volume: Shot GALILEO, a Test of the
PLUMBBOB Series

® Multi-shot volume: Shots WHEELER to MORGAN, the
Final PLUMBBOB Tests.,

These volumes have been designed for use with one another.
The series volume provides information common to the PLUMBBOB
shots, such as historical background, organizational relation-
ships, and radiation-safety procedures. In addition, that volume
contains a bibliography of works consulted in the preparation of
all Operation PLUMBBOB reports.,

N S ———

The single-shot volumes describe DOD participation in Shots
PRISCILLA, HOOD, SMOKY, and GALILEO. These volumes have been
bound separately because the shots included substantial numbers
of Desert Rock participants. Each multi-shot volume combines
shot-specific descriptions for several nuclear events. The shot
and multi-shot volumes list the sources referenced in each text.
Descriptions of activities concerning any particular PLUMBBOB
shot, whether the event is addressed in a single- or in a multi-
shot volume, may be supplemented by the general organizational
and radiological safetv information in the PLUMBBOB Series

volume. )

The information in these reports is supplemented by the
Reference Manual: Background Materials for the CONUS Volumes.

;
14

E This report summarizes information on the-phvsical processes and
; characteristics of a nuclear detonation, radiation phvsics,

i radiation health concepts, exposure criteria, and measurement
techniques. It also lists acronyms and a glossary of terms used

; in the DOD reports addressing test events in the continental U.S.
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CHAPTER 1

INTRODUCTION

Shots BOLTZMANN, FRANKLIN, LASSEN, and WILSON were tests of
nuclear devices conducted between 28 May and 18 June 1957 at the
Nevada Test Site, the AEC continental nuclear test site northwest
of Las Vegas., These shots were the first four nuclear test
events of Operation PLUMBBOB, a series of 24 nuclear weapons
tests and six safety experiments performed between 24 April and 7
October 1957 (10).*

The nuclear devices for the four shots were spousored,
designed, and built by AEC laboratories. The Los Alamos
Scientific Laboratory (LASL) was responsible for the BOLTZMANN
and FRANKLIN devices, while the University of California
Radiation Laboratory (UCRL) was responsible for the LASSEN and
WILSON devices. The primary objective of these nuclear tests was
to evaluate the nuclear yield and the blast, thermal, and
radiation phenomena produced by the devices. To fulfill this
objective, LASL and UCRL test groups conducted scientific experi-
ments to measure the physical characteristics of the detonations.
The Armed Forces Special Weapons Project (AFSWP) Field Command
Weapons Effects Test Group conducted effects projects to evaluate
the utility of the devices for military applications and to
investigate additional requirements for future nuclear weapons
development (24; 48).

The Federal Civil Defense Administration (FCDA) Civil
Effects Test Group conducted projects to assess the effects of
nuclear detonations on civilian structures, products, and food

*All sources cited in the text are listed alphabetically and
numbered in the Reference List, appended to this volume. The
number cited in the text is the number of the source document in
the Reference List.
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supplies and to evaluate Civil Defense emergency preparedness
plans (17).

A number of other activities related to the conditions and
phenomena produced by a nuclear detonation were also conducted at
these four events. The DOD conducted operational training
projects to indoctrinate personnel in the effects of nuclear
detonations and to test equipment. The armed services also
fielded projects to evaluate military equipment and tactics and
to indoctrinate troops in weapons effects as part of Exercise
Desert Rock VII and VIII, the Army technical testing and training
program at Operation PLUMBBOB (24; 35).

Table 1-1 presents a summary of the first four PLUMBBOB

tests (25). The table provides such information as the dates of
shots, the UTM coordinates* of the points of detonation, the
heights of burst,+ and the explosive vields. Figure 1-1 displays
a map of the Nevada Test Site in 1957, indicating the location of
each PLUMBBOB test and highlighting the shots discussed in this

volume.

1.1 DEPARTMENT OF DEFENSE PARTICIPATION IN NEVADA TEST
ORGANIZATION ACTIVIHIES AT THE FIRST FOUR PLUMBBOB EVENTS
The Nevada Test Organization (NTQO) was established for
planning, coordinating, and conducting atmospheric nuclear
weapons tests during Operation PLUMBBOB. All activities were
under the control of an AEC~appointed Test Manager assisted by

*Universal Transverse Mercator (UTM) coordinates are n<ed in this
report. The first three digits refer to a point on a.. east-west
axis, and the second three refer to a point on a north-south
axis. The point so designated is the southwest corner of an
area 100 meters square.

+Vertical distances are given in feet. Altitudes are measured
from mean sea level, while heights are measured from the ground
surface. Yucca Flat, the area of the NTS where these four
events were tested, is about 4,000 feet above mean sea level.




:' Table 1-1: SUMMARY OF THE FIRST FOUR PLUMBBOB SHOTS

f 2

Shot g § z

‘ E ™ z g

| s | 8| ¢

ki 8 §

! Sponsor LASL LASL UCRL UCRL

i

! Planned Date 05/15/57 | 06/15/57 | 06/02/57 [ 06/08/57

i
Actual Date 05/28/57 | 06/02/57 | 06/06/57 { 06/18/57
Local Time 0455 0455 0445 0445
NTS Location Area 7 Area 3 Area 9 Area 9

! UTM Coordinates 867066 870004 862100 852100
Type Tower Tower Balioon Balloon
Height of Burst (Feet) 500 300 500 500
Actual Yield (Kilotons) 12 0.140 0.0005 10
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the Test Director. The NTO consisted of personnel from the AEC,

the DOD, and the FCDA. These personnel were assigned to four NTO '
test groups: the AFSWP Field Command Weapons Effects Test Group,

the LASL Test Group, the UCRL Test Group, and the FCDA Civil

Effects Test Group (CETG). In addition to the projects of the

test groups, the DOD conducted the operational training projects

and support activities. A major area of support for NTO in which

DOD personnel were active was air operational control and air i
support provided by AFSWC air and ground personnel (22; 24-25; 48). ’

Overall, the largest area of DOD participation in the NTO
was with the Weapons Effects Test Group projects, designed to ;
study vield and weapons effects characteristics in order to
understand the militarilv useful effects of nuclear weapons for
offensive and defensive deployment (23-24). Personnel from DOD
agencies and the four armed services participated in the experi- ]
ments conducted hyv LASL, UCRL, and CETG, but participation was
limited. The major portion of DOD participation in these
experiments was performed bv the AFSWC 4926th Test Squadron

(Sampling) in LASL and UCRL radiochemistry cloud-sampling

projects (22).

The DOD operational training projects, designed to test
service tactics and equipment and to train militarv personnel in
nuclear detonation effects, were conducted at each of the four
shots, Most of the projects were conducted in aircraft and often
involved primarily the aircraft pilots (24).

The Air Force Special Weapons Center (AFSWC), at Kirtland

Air Force Base, New Mexico, exercised operational control of all
militarv aircraft flving in the area of the NTS during PLUMBBOB

and provided air support to the NTO and its projects, in addition
to conducting some test activities of its own. AFSWC was com-
posced of units from the 4950th Test Group (Nuclear), including
the 4926th Test Squadron (Sampling) and the 4935th Air Base

14




Squadron. These units operated out of Indian Springs AFB, 30

kilometers* south of Camp Mercury, and were supported bv the
4900th Air Base Group stationed at Kirtland AFB. AFSWC air and
ground personnel provided air support to NTO project-, conducting
cloud-sampling and cloud-tracking missions, and providing

courier, aerial surveys, and transportation services (22; 26;

59).

The Radiological Safetv Division of Revnolds Electrical and
Engineering Company (REECo), augmented by 38 personnel from the
1st Radiological Safety Support Unit, Fort McClellan, Alabama,
conducted radiation protection procedures established by the NTO
(64). These safetyv procedures, detailed in the Operation
PLUMBBOB volume, were designed to minimize exposure to ionizing
radiation by limiting radiation exposures to no more than three
roentgens of whole-hody gamma radiation for anv 13-week period
and five roentgens annuallv., Unless approved by the Test Manager
in advance, access to radiation areas by AFSWP project partici-
pants was not allowed until the Test Manager declared the area
open for recovery operatibns. Personnel were not permitted into
areas of 10 roentgens per hour (R/h) or greater unless thev had
received special permission from the Test Director (48). Project
participants recovering test instruments from radioactive areas
were accompanied by radiological safety monitors who surveved the
radiation intensity in the recovery area and informed the project
managers as to the radiological situation. To monitor cumulative
exposures, project personnel were issued film badges. After the
film badges were collected, developed, and evaluated, any indi-
viduals whose accumulated dose approached or exceeded the estab-
lished l1imits were not permitted further access to the forward
area. Personnel decontamination procedures were implemented, and
emergency evacuation plans were prepared for the test events
(64).

*Throughout this report, surface distances are given in metric
units. The metric conversion factors include: 1 meter = 3.28
feet; 1 meter = 1.09 vards; 1 kilometer = 0.62 miles.
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The radiation protection procedures for AFSWC included the
same exposure limits for aircrews and ground-crew personnel as
those established for the NTO personnel, with the exception of
cloud sampler pilots. These AFSWC personnel were authorized by
the Test Manager to receive a total of 7.5 roentgens of gamma
radiation annually. Complete decontamination, including removal
of anticontamination clothing and showers, was required of all
aircrew members following each project mission, regardless
of the exposure received on the flight. Aircraft were decontami-
nated byv ground personnel or not used until radiation intensities
decaved to permissible levels (1; 22; 48).

1.2 FXERCISE DESERT ROCK ACTIVITIES AT THE FIRST FOUR

PLUMBBOB EVENTS

Many DOD personnel involved in Shots BOLTZMANN through
WILSON took part in training and technical service projects
fielded bv Exercise Desert Rock, the Armv testing and training
program conducted during Operation PLUMBBOB. In addition to the
Desert Rock exercise troops, Camp Desert Rock troops provided
communication, transportation, traffic control, and radiological
safetyv monitoring for Desert Rock projects at the four shots (31;
35). Soldiers from the 50th Chemical Service Platoon provided
radiological safetv monitoring for Desert Rock personnel in the

test area after each detonation (31-35; 55).

Radiation protection procedures for Exercise Desert Rock,
like those of the NTO, are detailed in the PLUMBBOB Series
volume. Procedures were designed to minimize potential exposure
to ionizing radiation while allowing participants to accomplish
project objectives. Desert Rock personnel were limited to no
more than five roentgens of whole-body gamma radiation during anv
six-month period. The radiation protection procedures of Exercise

Desert Rock included provisions for (31-35; 55):

® Maintaining minimum safe distances from nuclear
detonations
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e Enforcing protective procedures for personnel
observing the detonations

@ Controlling access to radiation areas

e Film-badging and monitoring the cumulative
exposures of Desert Rock personnel

e Decontaminating all equipment and personnel
leaving the shot area after each detonation

e Preparing emergency evacuation plans for
personnel in the forward area.

1.3 DOSIMETRY FOR PLUMBBOB PARTICIPANTS

For Operation PLUMBBOB, REECo maintained cumulative exposure
lists of NTO and AFSWC personnel. The lists provided the shot-
specific dosimetry information described in the radiological
safety sections of the following chapters. For example, lists
were developed that showed the personnel who uad, during a
specific shot period, exceeded a cumulative dose of two
roentgens. A few surviving disposition forms, specifving
personnel exposures exceeding three roentgens, indicate that
Excrcise D~sert Rock similarly monitored cumulative exposures.
Personnel whose exposures reached five roentgens were prohibited
from further entry into the shot area. Within the operational
period encompassed by this volume, one Desert Rock participant
evceeded three roentgens. This participant, from Company B, 84th
Engineer Battalion, received an exposure of 4.9 roentgens through
the time of Shot WILSON (44; 49-52). The Operation PLUMBBOB
volume summarizes dosimetry totals and overexposure information
tfor PLUMBBOB participants.
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Objectives:

Weather:

Radiation Data:

Participants:

SHOT BOLTZMANN SYNOPSIS

AEC TEST SERIES: PLUMBBOB

DOD EXERCISE: Desert Rock VII and VIII
DATE/TIME: 28 May 1957, 0455 hours
YIELD: 12 kilotons

HEIGHT OF BURST: 500 feet (tower shot)

(1) To evaluate newly designed devices for
possible inclusion in the nuclear arsenal

(2) To evaluate military effects for specific
applications against a variety of military
targets

(3) To evaluate the effectiveness of military
equipment and to indoctrinate personnel in the
effects of a nuclear detonation

(4) To assess the effects of a nuclear
detonation on civilian structures, products, and
food supplies and to evaluate Civil Defense
emergency preparedness plans,

At shot-time, the temperature was 18°C. Surface
winds were calm at the time of detonation.

Winds were from the south-southeast at 13 knots

at 10,000 feet, 24 knots at 20,000 feet, and 21

knots at 30,000 feet.

About one hour after the detonation, radiation
intensities greater than 0.1 R/h were confined
to within 1,300 meters around ground zero,
except to the north.

Exercise Desert Rock troops, Armed Forces
Special Weapons Project, Air Force Special
Weapons Center and other Air Force personnel,
Los Alamos Scientific Laboratory, Federal Civil,
Defense Administration, other contractors.

18
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CHAPTER 2

SHOT BOLTZMANN

Shot BOLTZMANN, the first nuclear weapons test of Operation
PLUMBBOB, was conducted at 0455 hours Pacific Daylight Time on 28

May 1957. Originally planned for 15 May, BOLTZMANN was postponed
because of unfavorable weather conditions. The shot, which had a
vield of 12 kilotons, was detonated from the top of a 500-foot
steel tower in Area 7 of the NTS. The BOLTZMANN cloud reached a
maximum altitude of 33,000 feet mean sea level. Fallout traveled
northwest, with peak radiation levels of 0.1 R/h extending about
100 miles offsite (25; 64).

2.1 EXERCISE DESERT ROCK VII AND VIII OPERATIONS AT SHOT
BOLTZMANN

More than 200 Desert Rock troops took part in projects
associated with the BOLTZMANN event: two troop observer
indoctrination projects, two radiological training projects, and
two technical service projects. Table 2-1, on the next page,
identifies the Desert Rock program types, their subordinate
projects, the participating units, and the estimated number of
DOD participants. The table also lists 176 Camp Desert Rock

support personnel who observed the detonation (35).

2.1.1 Troop Observer Indoctr.nation Projects

Seventy-four Navy personnel participated in Project 50.2,
Troop Observers, and 63 Air Force personnel took part in Project
53.3, Aircrew Observers. All observers, including the 176 Camp
Desert Rock support personnel, took part in the same orientation

and training activities for the event. They witnessed the

detonation from an observation area 13 kilometers south of ground
zero, at UTM coordinates 895925 (35).




Table 2-1: EXERCISE DESERT ROCK PROJECTS, SHOT BOLTZMANN
Estimated
DoD
Program Type Project Title Participants Personnel
Troop Observer indoctrination 50.2 Troop Observers Navy 74 f
53.3 Aircrew Observers Air Force 63
-~ Troop Observers Camp Desert Rock Support Troops 176
Radiological Training 53.4 Radiological Defense Training Air Force Radiological Defense School, 38
Lowry AFB
— Chemical, Biological, Radiological Fort Huachuca, Arizona 24
Survey Team Training
Technical Service 50.3 Evaluation of Medium Range Army Signal Research and Development 32
Detonation-detection and Cloud Laboratories
Tracking Systems
50.5 Field Evaluation of Shielding Army Engineer Research and 5
for Heavy Equipment Development Laboratories

- i o - e a | e mmw as
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2.1.2 Radiological Training Projects

Project 53.4, Radiological Defense Training, was intended to
teach radiological monitoring procedures under conditions similar
to those anticipated for a nuclear battlefield. Thirty-eight
members of the Air Force Radiological Defense School, located at
Lowry AFB in Denver, Colorado, participated in the project, wit-
nessing the detonation with the observer personnel of Projects
50.2 and 53.3. Radiological safety personnel from the 50th Chem-
ical Service Platoon preceded Project 53.4 personnel into the
shot area. There, the radiological personnel conducted radiolog-
ical surveys and marked the .01 and .10 R/h areas. At the .001
R/h line, they waited for project participants., At the declar-
ation of recovery hour, 0608, the participants proceeded into the
shot area accompanied by a 50th Chemical Service Platoon monitor.
They then located radiation intensities of up to 5 R/h and radioed
their information to control stations, where the data were plotted
on a map. The radiolngical safety monitors remained with the

participants during the project to enforce radiological safety
procedures and to provide technical assistance (24; 31; 35; 44).
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The Sixth U.S. Army sponsored Chemical, Biological,
Radiological (CBR) Survey Team Training. The purpose of the
project was to train personnel from Sixth Army installations in
radiological defense techniques. Two CBR teams from Fort
Huachuca, each consisting of 12 monitors, participated in the
project. The first team was at the test site from 24 to 30 May.
After witnessing the shot with the Project 30.2 observers, the 12
monitors went to a predesignated area to study monitoring
technigues under the supervision of the Desert Rock radiological
safety section (24; 44). The second CBR team was at the test
site from 8 to 17 June. Although these 12 monitors arrived after
the LASSEN shot, presumablv to studvy monitoring techniques in the
shot area, the LASSEN vield was too low for the purposes of the
project. Instead, it is likely that the monitors used the
BOLTZMANN survey area for the project since the radiation

intensities would have been high enough to monitor.

Project 51.1, Navy Radiological Safety Monitoring, sponsored
bv the Navy Bureau of Yards and Docks, was also scheduled for
Shot BOLTZMANN and was to involve 120 participants. Project
personnel trained in an area of low contamination from Operation
TEAPOT because Shot BOLTZMANN was delaved and participants were
unable to witness any PLUMBBOB shots. Participants left Camp
Desert Rock before the first PLUMBBOB shot was fired (24; 31; 35).

2.1.3 Technical Service Projects

The Department of the Army sponsored two technical service

projects at Shot BOLTZMANN to evaluate military equipment.

Project 50,3, Evaluation of Medium Range Detonation-
detection and Cloud Tracking Systems, was fielded bv 18 personnel
from the Armv Signal Research and Development Laboratories, Fort

Monmouth, New Jersev; seven participants from Fort Meade,
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Marvland; and seven participants from Fort Huachuca, Arizona.

The project had two purposes: to test the capacity of Army radar
equipment in detecting nuclear detonations and tracking radio-
active clouds, and to examine Army fallout prediction methods.
The fallout prediction unit for this project operated from a van
parked near the Air Weather Station at Camp Mercury. Three radar
units were located southeast of Yucca Lake, near UTM coordinates

893872, approximately 20 kilometers south of ground zero (12; 31; 44).

Project 50.5, Field Evaluation of Shielding for Heavy Equip-
ment, was conducted in the BOLTZMANN shot area by volunteers from
the Army Engineer Research and Development Laboratories. This
project was the third phase of an experiment designed to deter-
mine the shielding and opcrational capabilities of an
experimental D-8 bulldozer in decontaminating a contaminated
field.

On 5 and 6 June, eight and nine days after the detonation, a
D-8 bulldozer decontaminated a 930-square-meter area and a
280-square-meter area just northwest of ground zero by scraping
off the topsoil. Five volunteers took turns operating the
bulldozer. Figure 2-1 shows project personnel and the bulldozer
(31; 61).

2.2 DEPARTMENT OF DEFENSE PARTICIPATION IN SCIENTIFIC,

OPERATIONAL TRAINING, AND SUPPORT ACTIVITIES AT

SHOT BOLTZMANN

In addition to participating in the Exercise Desert Rock
activities described in the previous section, Department of
Defense personnel performed a variety of tasks during Shot
BOLTZMANN that required them to enter the forward area. They
conducted 11 projects sponsored by the AFSWP Field Command
Weapons Effects Test Group, and they assisted in three LASL and

five CETG projects. The Air Force sponsored three operational
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training projects. DOD personnel also participated in AFSWC and
other support activities at Shot BOLTZMANN. The Air Force

Special Weapons Center provided major support to two test group
projects and aircraft to two others. AFSWC pilots also flew five !

missions for the Test Manager.

-

2.2.1 AFSWP Field Command Weapons Effects Test Group Projects

The Field Command Weapons Effects Test Group conducted 11
projects at Shot BOLTZMANN, as listed in table 2-2. The
personnel estimates given in this table, and in the project
tables of the following chapters, reflect the minimum number of
project participants in an experiment as given in the schedule of

events for the shot or in the weapons test reports,

Project 2.5, Initial Gamma Radiation Intensity and Neutron-
induced Gamma Radiation of NTS Soils, was conducted by the Army
Signal Research and Development Laboratories. For this shot, the
project was to determine the intensities of initial gamma
radiation at ground level and in the air during the detonation.
Seven stations were constructed 1,430 to 1,920 meters southeast
of ground zero. Two davs before the detonation, radiation detec-
tion instruments were installed in the prepared stations. Four
project personnel recovered the instruments, probably completing

their work within three davs of the detonation (14; 23).

Project 2.7, Radio-wave Attenuation Studies, was fielded by
Naval Research Laboratory personnel. The project was designed to
study tne interference effects of high levels of radiation on
radio transmissions and radar operations. The specific purpose
of the project was to observe the attenuation of radiowaves when
transmitted through the fireball. Transmitters were placed in
unmanned shielded bunkers 840 to 1,460 meters from ground zero,
Scintillation detectors were also installed in some of the

hunkers close to ground zero. Receivers were installed in
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Table 2-2: TEST GROUP PROJECTS WITH DEPARTMENT OF DEFENSE
PARTICIPATION, SHOT BOLTZMANN

Estimated
DOD
Personnei

Weapons Effects Test Group

Initial Gamma Radiation Intensity and Neutron-induced Army Signal Research and Development
Gamma Radiation of NTS Soils Laboratories
Radio-wave Attenuation Studies Naval Research Laboratory

210 Initial Neutron and Gamma Air-earth Interface Air Force Special Weapons Center 2
Measurements

4.2 Evaluation of Eye Protection Afforded by an Tactical Air Command; Air Force School of Aviation *
Electromechanical Shutter Medicine; Naval Radiological Defense Laboratory; Wright

Patterson Ae: 7 Medical Laboratory; Nellis AFB Hospital

5.1 In-flight Structural Response of the HSS-1 Helicopter Navy Bureau of Aeronautics *
to a Nuclear Detonation

53 In-flight Structural Response of the FJ4 Aircraft Naval Air Special Weapons Facility *
to a Nuclear Detonation

54 In-flight Structural Response of the A4D-1 Aircraft Navy Bureau of Aeronautics 14
to a Nuclear Detonation

5.5 In-flight Structural Response of the F-89D Aircraft Wright Air Development Center; Northrop Aircraft 7
*o a Nuclear Detonation

6.4 Accuracy and Reliability of the Short-baseline NAROL Air Force {.ambridge Research Center *
System

6.5 Effects of Nuclear Detonations on Nike Hercules White Sands Missile Range; Bell Telephone 7 3

Laboratories
9.1 Technical Photography AFSWP; Military Air Transport Service; EG and G 6

Los Alamos Scientific Laboratory Test Group

11.2 Radiochemistry Sampling Air Force Special Weapons Center 12

183 Mass Effect Spectroscopy Naval Research Laboratory *

Civil Etfects Test Group

37.2 Biophysical Aspects of Fallout Air Force Special Weapons Center *

37.2a Physical Aspects of Fallout Air Force Special Weapons Center *

376 Applications of Radio-ecology Techniques Air Force Special Weapons Center *
# Unknown
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Building 400, west of the Control Point and about 18 kilometers
from ground zero. About three people spent ten days installing
and tuning the equipment. From 0305 to 1655 hours on shot-day,
11 participants occupied Building 400, At 1255 on shot-day,
three personnel proceeded from the Control Point to the Banded
Mountain Station, about seven kilometers north of ground zero.
They remained in the area approximately two hours recovering

equipment and aata (7; 23; 30).

Project 2.10, Initial Neutron and Gamma Air-earth Interface
Measurements, was fielded under AFSWC supervision. The objective
was to studvy how the air-ground interface affected the radiation
produced by a nuclear detonation. Film badges were placed at two
ground stations, 1,520 and 1,830 meters north-northwest of ground
zero, and at heights up to approximately 90 meters on the tower
constructed for Shot FRANKLIN in Area 3, 5,210 meters from the
BOLTZMANN ground zero. At 0655, two hours after the detonation,
two personnel left the Control Point to recover detectors from
the ground stations, a procedure that was to take about 45
minutes. At 0755 on shot-day, these same two participants left
the Control Point to recover badges and dosimeters from the
FRANKLIN tower, an activity that was to take approximately one
hour (7; 23; 65).

Project 4.2, Evaluation of Eye Protection Afforded by an
Electromechanical Shutter, was to evaluate the effectiveness of
an electromechanical shutter device in preventing or minimizing
flash blindness, a condition produced by the intense light of a
nuclear detonation. Volunteers from the Tactical Air Command

were the test subjects. The Air Force School of Aviation
Medicine furnished the examiners for the tests, and personnel

from the Navy Radiological Defense Laboratory, the Wright
Patterson Aero Medical Laboratory, and Nellis Air Force Base

Hospital provided technical support.
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Two identical experimental stations were used at the shot.
One station was in a C-47 aircraft (serial number 956), operated
by Tactical Air Command personnel. The C-47, which took off from
Indian Springs AFB at 0435 hours, flew in a left-hand holding
pattern 19 kilometers southwest of ground zero until 15 minutes

after the detonation. It then returned to Indian'springs AFB,
landing at 0542 ‘hours. The other station was in a trailer 16

kilometers from ground zero, at UTM coordinates 845924. Each
station was equipped with a light-sensitive electromechanical
shutter device for each subject and had facilities for testing
from two to five volunteers. A trained examiner was present for
each volunteer to determine the length of time required to
recover useful vision. Project participants left Camp Mercury
for the trailer about five hours before the shot. Upon
completion of the testing, about one hour after the shot, all
test volunteers returned to Camp Mercury and then went to Nellis

AFB for complete ophthalmological evaluation.

In another aspect of this project, four or more rabbits were
visually exposed at both of the experimental stations. Each
animal was placed in a holder designed to minimize movement and
ensure proper positioning for exposure. Ten of the control
rabbits, which were exposed to the detonation without the shutter
device present, received chorioretinal burns, indicating that
sufficient energy was absorbed to cause permanent damage to the

unprotected eve (7; 23; 28).

Project 5.1, In-flight Structural Response of the HSS-1
Helicopter to a Nuclear Detonation, was conducted by the Navy
Bureau of Aeronautics. One objective was to measure the effects
of the over-pressure and wind gusts produced by a nuclear detona-
tion on the HSS-1 helicopter. Another objective was to study how
blast effects might limit the HSS-1 capability to deliver
antisubmarine weapons. The project required the support of one
helicopter pilot, ground controllers, and aircraft maintenance




personnel who equipped the helicopters with special instruments.
An average of four practice runs were flown before the actual
missions., For the shot, the HSS-1 helicopter (serial number
024), which left Indian Springs AFB at 0408 hours, flew
left-hand, eight-nautical-mile holding patterns. At shot-time,
the helicopter was positioned 270 degrees outbound, at a slant
range of 4,900 meters from ground zero. Upon completing its
mission, the HSS-1 returned to Indian Springs AFB, landing at
0530 hours (2; 7; 23; 63).

Project 5.3, In-flight Structural Response of the FJ-4 Air-
craft to a Nuclear Detonation, was conducted by the Naval Air
Special Weapons Facility. The objective was to measure the
thermal and blast response of the FJ-4 and to determine its
performance and delivery capabilities during a nuclear
detonation. Project personnel included the aircraft crew, ground
controllers, and maintenance personnel responsible for the
aircraft and instrumentation. The FJ-4 (serial number 467) left
Indian Springs AFB at 0407 hours. When the BOLTZMANN shock
arrived, the test aircraft was in a level flight pattern, heading
away from the blast. After the detonation, the FJ-4 returned to
Indian Springs AFB, landing at 0509 hours. Total gamma dose was
recorded by film badges located in the cockpit, ammunition bay,

right drop tank, and nose-wheel well (2; 7; 23; 39).

Project 5.4, In-flight Structural Response of the A4D-1 Air-
craft to a Nuclear Detonation, was conducted by the Air Force
Cambridge Research Center to measure the thermal and blast wave
response of the A4D-1 during flight and to determine its
performance and delivery capabilities during a nuclear
detonation. The A4D-1 (serial number 827) was a Navy, single-
engine, modified delta wing, carrier-based jet attack aircraft
with the capability of delivering nuclear weapons. Participants
included one pilot, ground controllers, and maintenance personnel
responsible for the special painting and instrumentation of the
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aircraft, Radiation in the aircraft was measured by four film
badges located in the bottom portion of the nose section, six
film badges in the cockpit map case, and various dosimeters
located in the nose-wheel door and the leg pocket of the pilot's
flight suit,

The aircraft took off from Indian Springs AFB 35 minutes
before shot-time, entered its pattern 30 minutes before shot-
time, flew two orbits approximately 35 nautical miles in length,
and flew a final run over ground zero starting five minutes
before shot-time. The test aircraft was flown on a straight and
level course directly toward ground zero. At the time of
detonation, the aircraft was 12,350 feet above the burst at a
slant range of 4,150 meters. The aircraft returned directly to
Indian Springs AFB and landed 20 minutes after the detonation
(2; 7; 23; 62).

To provide radar support for Projects 5.1, 5.3, and 5.4, one
party of six personnel left Camp Mercury at 2400 hours on the
night before the detonation for the M-33 Radar Site approximately
19 kilometers south of ground zero. The partv remained at the
site through shot-time and left for Camp Mercury two or three
hours after the detonation. Two other parties, one of 14 and one
>f five personnel, left Camp Mercury for the same site at 0005
hours on shot-day and arrived at the site at least four hours
before the detonation. They remained through shot-time and left
the site for Camp Mercurv two or three hours after shot-time. A
final party of ten left Camp Mercury for the radar site at 0205
hours on shot-day, arrived at the site two hours before the

detonation, remained through shot-time, and returned to Camp

Mercury one hour after the detonation (7).
Project 5.5, In-flight Structural Response of the F-89D Air-

craft to a Nuclear Detonation, was to determine the structural
response of the aircraft to blast and thermal effects of a
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nuclear detonation. Northrop Aircraft, contractor to the Wright
Air Development Center, calibrated, maintained, and operated the
instrumentation and associated equipment, and later analyzed the
data. Wright Air Development Center and Northrop Aircraft
jointlyv calculated the positions and developed the positioning
methods. The F-89D aircraft left Indian Springs AFB at 0420
hours. Plans indicate that it was to be at an altitude of 20,000
feet and approximately three kilometers from ground zero at shot-
time. The F-89D returned to Indian Springs AFB at 0507 hours (2;
7; 23; 58).

To provide radar support for Project 5.5, one party of seven
personnel departed frem Camp Mercury at 0025 hours on shot-day
for the MSQ Radar Site located approximately 30 kilometers
southwest of ground zero. The party arrived about three houré
and 30 minutes before the shot and remained through shot-time.

On shot-dav, a two-man partv left for the radar site at 0130
hours, followed by a third participant at 0205 hours. The three
personnel remained at the site through shot-time. The two
parties and the additional participant left the site for Camp

Mercury one to two hours after the shot (7).

Project 6.4, Accuracy and Reliability of the Short-baseline
NAROL System, was conducted by the Air Force Cambridge Research
Center, The project used the Long Range Aids to Navigation
(LORAN) system in an inverse fashion to detect the electro-
magnetic pulse from the nuclear burst in order to determine the
position and measure the yield of that burst. The Indirect Bomb
Damage Assessment NAROL system tested on this operation included
nets located at Albuquerque, New Mexico; Vale, Oregon; and Rapid
City, South Dakota. Each NAROL net consisted of two unmanned

stations and one manned station (23; 36).

Project 6.5, Effects of Nuclear Detonations on the Nike
Hercules, was to investigate the effects of nuclear radiation on
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the Nike Hercules guided-missile system. The project was

designed to familiarize radar crews with techniques to be
employed and observations to be made following a nuclear
detonation., The project was fielded bv personnel from the White
Sands Missile Range, New Mexico, with assistance from the Bell
Telephone Laboratories in Whippany, New Jersey (21). At 1800
hours on the day before the shot, seven personnel left Camp
Mercury and proceeded to a station at UTM coordinates 765032,
They remained at the station through shot-time ard until two

hours after the shot to man missile and target-tracking radar (7).

Project 9.1, Technical Photography, was sponsored by AFSWP
to provide the following support services:

® Technical photographic support of the military
effects program

® Documentation of the overall military effects
program and production of an effects motion picture

e Documentation of the detonation for release through
the Joint Office of Test Information and for
historical purposes

® General photographic support to Department of
Defense projects.

Six personnel manned a photography station at the Project
6.5 radar site. The detonation was also photographed from the
air by two or three Project 9.1 personnel in a C-47 aircraft from
Indian Springs AFB. This C-47, with a crew of at least three
from the Military Air Transport Service, left Indian Springs AFB
at 0405 hours. At shot-time, the aircraft was eight nautical
miles southwest of ground zero, flving eastbound at 10,000 feet,
When its mission was complete, about 15 minutes after the shot,
the aircraft returned to Indian Springs AFB (2; 7; 23). In
addition, Edgerton, Germeshausen, and Grier (EG and G) provided
technical photography support to AFSWP and the AEC. EG and G
personnel operated camera stations during the shot to obtain
fireball and cloud growth data (20).
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2.2.2 Department of Defense Participation in the Los Alamos
Scientific Laboratory Test Group Projects

The Los Alamos Scientific Laboratory Test Group conducted 14
projects at Shot BOLTZMANN. Of these, onlv two had DOD partici-
pation, as shown in table 2-2. Project 11.2, Radiochemistry
Sampling, involved cloud sampling by pilots from AFSWC 4926th
Test Squadron, an activity discussed in section 2.2.5 of this
chapter. Project 18.3, Mass Effect Spectroscopy, involved some
participation by the Naval Research Laboratory. Information on
this activity is limited, however, since a project report was not
written following the operation (48).

2.2.3 Department of Defense Participation in Civil Effects
Test Group Projects
The Civil Effects Test Group conducted eight projects at
BOLTZMANN. Three of these projects are known to have involved

DOD participation, as shown in table 2-2,

Project 37.2, Biophysical Aspects of Fallout, and Project
37.2a, Physical Aspects of Fallout, were conducted to delineate
and characterize fallout patterns (42). Project 37.6, Appli-
cations of Radio-ecology Techniques, was conducted to study
environmental assessment techniques (42). AFSWC provided a
single C-47 aircraft during the shot for radio relay services, as
discussed in section 2.2.5. From the C-47, the program director
received fallout pattern predictions from Camp Mercury and
communicated that information to ground teams, located about 30,
80, 130, and 190 kilometers from ground zero. From 0305 hours to
shot-time, the program director continued the radio relay, so
that he might transmit the final decision on proceeding with
project activities to the ground teams and give them their

station assignments (2).
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2.2.4 Operational Training Projects

The primary objectives of the operational training program
at BOLTZMANN were to test tactics and equipment and to train and
indoctrinate Air Force personnel., The program consisted of the
following projects:

® Project 53.5, Aircrew Indoctrination (Early Cloud
Penetration)

® Project 53.7, Indirect Bomb Damage Assessment

e Project 53.9, Photographic Reconnaissance Training.

Project 53.5, Aircrew Indoctrination (Early Cloud Penetra-
tion), was designed to enable Air Defense Command aircrews to
witness a nuclear detonation and penetrate its cloud. Six F-86D
aircraft flew at altitudes of 32,000 feet (2). Beginning at
about 0447 hours, the aircraft orbited over the Las Vegas area,
continuing until the sampler control aircraft gave authorization
to proceed toward and into the cloud. At about 0550, after cloud
penetration, the aircraft left the area to return to Nellis AFB
(2, 24).

Project 53.7, Indirect Bomb Damage Assessment, was conducted
to test IBDA equipment onboard an Air Force jet-fighter. Staff
from the Wright Air Development Center installed Indirect Bomb

Damage Assessment equipment in an F-89D aircraft (serial number

412) based at Indian Springs AFB. The F-89D, with a crew of one,
took off at 0412 hours. At shot-time, the aircraft flew a right-
hand 40-nautical-mile holding pattern and orbited 70 nautical
miles east of ground zero at 35,000 feet (2). The F-89D returned
to Indian Springs AFB at 0516 (2; 24).

Project 53.9, Photographic Reconnaissance Training, was

intended to train Air National Guard Tactical Reconnaissance

units in photographic missions over a nuclear target. Two RF-84F
aircraft with one pilot each departed from George AFB, California,
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and flew t. the NTS, where they orbited above Lathrop Wells at
31,000 feet until the shot was fired. Upon clearance from the
Air Operations Center, they began the photographic mission,
flying toward ground zero. They crossed the shot area approxi-
mately 15 minutes after the detonation at an altitude of 10,000
feet. At about 0525 hours, upon completion of the run, they left
the area to return to base (2; 24).

2.2.5 Air Force Special Weapons Center Activities

During Shot BOLTZMANN, AFSWC support to the test groups
consisted of cloud-sampling missions, sample courier missions,
radio relays, cloud-tracking missions, and security and

helicopter surveys.

Cloud Sampling

Project 11.2, Radiochemistry Sampling, was sponsored by the
Los Alamos Scientific Laboratory Test Group. Samples were
gathered from the cloud for subsequent laborat