


Destroy this report when it is no longer
needed. Do not return to sender.

PLEASE NOTIFY THE DEFENSE NUCLEAR AGENCY,
ATTN: STTI, WASHINGTON, D.C. 20305, IF
YOUR ADDRESS IS INCORRECT, IF YOU WISH TO
BE DELETED FROM THE DISTRIBUTION LIST, OR
IF THE ADDRESSEE IS NO LONGER EMPLOYED BY
YOUR ORGANIZATION.



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS
1. REPORT NUMBER 2. GOVT ACCESSION NOJ 3. RECIPIENT'S CATALOG RUMBER
DNA 6029F
4. TITLE (and Subtltle) 5. TYPE OF REPORY & PERIOD COVERED
PROJECTS GNOME AND SEDAN Technical Report
The PLOWSHARE PROGRAM 6. PERFORMING ORG. REPORT NUMBER

JRB 2-816-03-423-00

7. AUTHOR(e) 8. CONTRACT OR GRANT NUMBER(s)

DNA 001-79-C-0473

Inara Gravitis, Stephen Rohrer, Carl Maag,

Robert Shepanek

$. PERFORMING ORGANIZATION NAME AND ADDRESS V0. PROGRAM ELEMENT. PROJECT, TASK
AREA & WORK UNIT NUMBERS

JRB Associates

8400 Westpark Drive Subtask U99QAXMK506 -08
McLean, Virginia 22102
1. CONTROLLING OFFICE NAME AND ADDRE.SS 12. REPORT DATE
Director 18 March 1983
Defense Nuclear Agency 13. NUMBER OF PAGES
Washington, DC 20305 132
T4, MORITORING AGENCY NAME & ADDRESS(.! different from Controlling Office) | 1S. SECURITY CLASS. (of this report)
UNCLASSIFIED
152, DECL ASSIFICATION/DOWNGRADING
SCHEDULE

N/A since UNCLASSIFIED

16. DISTRIBUTION STATEMENT (of this Repor)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, 1! ¢ifferent from Report)

18, SUPPLEMENTARY NOTES

This work was sponsored by the Defense Nuclear Agency under RDT&E RMSS Code
B350079464 U99QAXMKS50608 H2590D. For sale by the National Technical Information
Service, Springfield, VA 22161.

15. KEY WORDS (Continus on reverse side if necessary and ldentity by block number)

PLOWSHARE Nevada Test Site

GNOME Carlsbad Test Site

SEDAN Underground nuclear tests
VELA UNIFORM Nonmilitery applications

23 ABSTRACT (Taotinus s reverss side ! recewsary aul ideatity by block number)

This report describes the activities of DOD personnel and other participants in
Projects GNOME and SEDAN, the first two nuclear tests of the PLOWSHARE Program.
The PLOWSHARE nuclear tests were conducted from 1961 to 1973 at the NTS and
other locations. Activities engaging DOD personnel at GNOME and SEDAN included
scientific experiments to ‘mprove U.S. capabilities in detecting underground
nuclear explosions and to determine peacetime uses of nuclear explosives.

FORM
D.D V SAM T3 ]m EDITION OF ! ROV €5 1S OBSOLETE UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (Wirenn Data Entered)



https://Nonmilitz.ry

INCLASSTFIED

SECUPITY CLASSIFICATION OF THIS PAGE(Whan Data Entered)

18. SUPPLEMENTARY NOTES (continued)

The Defense Nuclear Agency Action Officer, Lt. Col. H. L. Reese, USAF,
under whom this work was done, wishes to acknowledge the research and
editing contribution of numerous reviewers in the military services and
other organizations in addition to those writers listed in block 7.

INCIASSTFIED

SECURITY CLASSIFICATICN OF THIS PAGE%™en Data Ertersd)




Fact dna

Detense Nuclear Agency

Public Atfairs Office
ee Washington, D C 20305

Subject: Projects GNOME and SEDAN, The PLOWSHARE Program

The Atomic Energy Commission (AEC) established the PLOWSHARE
program in June 1957, under the technical direction of the
Lawrence Radiation Laboratory (LRL).* The program consisted of
27 nuclear detonations ccnducted at the Nevada Test Site (NTS)
and other sites in Colorado and New Mexico from 1961 to 1973.
The nuclear tests, identified in the first of the accompanying
tables, were all undergrcund, either shaft or cratering shots,
and they had yields of nc more than 200 kilotons. The PLOWSHARE
nuclear detonations were designed to determine nonmilitary
applications of nuclear explosives. The primary potential use
envisioned was in large-scale geographic engineering, in such
projects as canal, harbor, and dam construction, the stimulation
of 0il and gas wells, anc mining. Considering the peaceful
objectives of PLOWSHARE, the AEC took the name of the program
from the Bible: "And they shall beat their swords into
plowshares" (Isaiah 2:4).

Projects GNOME and SEDAN. the first two nuclear detonations of
the PLOWSHARE program, were selected for discussion because they
were conducted during the period of U.S. atmospheric nuclear
weapons testing, had documented (although limited) DOD participa-
tion, and had sufficient documentation for a discussion of the
detonations and associated activities.

Department of Defense Involvement

The Department of Defense (DOD) did not conduct military exer-
cises during the PLOWSHARE program and had limited involvement in
the shots. The primary role of the military was to provide
logistical support. However, technical participation was
allowed, provided that it did not interfere with AEC activities.

Summaries of Projects GNOME and SEDAN

Project GNOME, a shaft detonation, was fired at 1200 hours
Mountain Standard Time oa 10 December 1961 at a site 40 kilo-
meters southeast of Carlsbad, New Mexico. The first of the
accompanying figures shows the site location. The device was
buried 1,184 feet underground in bedded rock salt at the end of a

*Now known as the Lawrence Livermore National Laboratory.



1,116-foot hooked and self-sealing tunnel. A shaft 1,216 feet in
depth and ten feet in diameter ended in a station room connected
to the tunnel. The detonation, which had a yield of three kilo-
tons, resulted in an underground dome-shaped chamber 60 to 80
feet high and 160 to 170 feet in diameter.

Although it had been planned as a contained explosion, GNOME
vented to the atmosphere. A cloud of steam started to appear at
the top of the shaft two to three minutes after the detonation.
Gray smoke and steam, with associated radioactivity, emanated
from the shaft opening about seven minutes after the detonation.
Radiocactive materials vented to the atmosphere about 340 meters
southwest of ground zero. The highest measured onsite gamma
intensity was 1 roentgen per hour (R/h). This intensity was
recorded 1,300 meters northwest of the shaft opening at 1938
hours on shot-day. The highest offsite reading was 1.4 R/h,
encountered 5.5 kilometers west of the Control Point on Highway
128 one hour after the detonation. Underground recovery opera-
tions were delayed, in part because of high radiation levels at
the shaft opening (for example, 5 R/h at 0908 hours on the day
after the detonation). Six days after the shot, an initial
radiological and toxicological survey was conducted to the bottom
of the shaft. After the survey was completed, underground
recovery operations were permitted.

An extensive program of scientific and technical projects was
conducted to obtain information on the characteristics of a
nuclear detonation in an underground rock salt formation and to
explore the feasibility of energy recovery, radioisotope
recovery, and generated-neutron utilization. To emphasize the
peaceful aims of Project GNOME, the AEC conducted an observer
program involving, among others, Government officials, repre-
sentatives of scientific and industrial groups, and news media
personnel.

DOD personnel took part at GNOME in the VELA UNIFORM program,
conducted by the DOD to develop U.S. capabilities in detecting
and identifying underground nuclear detonations. The Advanced
Research Projects Agency of the DOD administered the program,
which consisted of 19 projects. The Air Force Technical
Applications Center formulated technical requirements for the
projects, and the Defense Atomic Support Agency developed and
directed the activities. DOD personnel also conducted at least
one other project: Design, Testing, and Field Pumping of Grout
Mixtures. In addition, the Air Force Special Weapons Center
(AFSWC) conducted photography, cloud-sampling, and cloud-tracking
missions at the shot.

Project SEDAN, a nuclear cratering experiment, was detonated with
a yield of 104 kilotons at 0900 hours Pacific Standard Time on

6 July 1962. The shot was fired in Area 10 of the NTS, shown in
the second of the accompanying figures. The device was buried
635 feet underground in desert alluvium, and the detonation



resulted in a crater with a volume of about 6.5 million cubic
yards. The crater radius was 607 feet and the depth 323 feet.
The 1lip of the crater ranged in height from 18 to 95 feet above
the preshot surface. Two and one-half hours after the deto-
nation, the 10 R/h line extended 3.3 kilometers to the west and
3.1 kilometers to the south, and the 1 R/h line extended

3.5 kilometers to the west and 3.3 kilometers to the south. The
radiation isointensity contours were not completely plotted to
the north and east, the direction of the fallout. Two days
later, intensities of 1 R/h were confined to within 3.2 kilo-
meters of ground zero.

The purposes of Project SEDAN were to extend knowledge of
cratering effects from detonations with yields of 100 to

200 kilotons and to provide safety data related to nuclear
cratering detonations. To collect information, the LRL conducted
an extensive program of scientific and technical projects.

DOD personnel took part in four projects studying peaceful uses
of nuclear detonations. In addition, they participated in five
VELA UNIFORM projects. Participating DOD agencies were:

® Defense Atomic Support Agency
Army Engineer Nuclear Cratering Group
Army Engineer Waterways Experiment Station

Naval Radiological Defense Laboratory

Air Force Technical Applications Center.

AFSWC and other Air Force personnel conducted cloud-sampling,
cloud-tracking, and support missions at the shot.

Safety Standards and Procedures

To minimize the exposures of PLOWSHARE personnel to ionizing
radiation, the AEC estaklished an individual exposure limit of

3 roentgen equivalent man (rem) of gamma and neutron radiation
per quarter calendar year and not more than 5 rem annually. The
radiological safety programs for Projects GNOME and SEDAN
operated within these exposure guidelines. The AEC provided
onsite radiological support, which included:

e Issuing anticontamination clothing and equipment to
personnel entering radiation areas

® Monitoring radietion areas and controlling access
into these areas

e Plotting isointensity contour maps of radiation
areas and providing radiation information to
personnel entering radiation areas



® Decontaminating personnel, vehicles, and equipment

® Maintaining film badge and exposure records to
determine the exposure of each participant to gamma
radiation.

Neutron exposures were to be assessed on a case-by-case basis.
Such exposures would occur, however, only if personnel were
positioned close-in at shot-time. Personnel were not permitted
into areas of 10 R/h or greater unless they had special per-
mission from the AEC.

U.S. Public Health Service (USPHS) personnel conducted offsite
monitoring. Their activities involved:

@ Monitoring for offsite radiation

® Conducting environmental monitoring of air, water,
and milk

® Collecting data on fallout patterns.

USPHS personnel prepared reports, maps, and records describing
results of the monitoring and data collection.

Radiation Exposures at Projects GNOME and SEDAN

Available documentation indicates that two radiation exposures
exceeded the 3 rem limit. The accompanying table summarizing
dosimetry information presents film badge exposure data for
PLOWSHARE participants by service.



Event

GNOME

SEDAN
ANACOSTIA
KAWEAH
TORNILLO
KLICKITAT
ACE

DUB

PAR
HANDCAR
SULKY
PALANQUIN
TEMPLAR
VULCAN
SAXON
SIMMS
SWITCH
MARVEL

GASBUGGY

CABRIOLET
BUGGY
STODDARD

SCHOONER

Date

12/10/61

07/06/62
11/27/62
02/21/63
10/11/63
02/20/64
06/11/64
06/30/64
10/09/64
11/05/64
12/18/64
04/14/65
03/24/66
06/25/66
07/28/66
11/05/66
06/22/67
09/21/67

12/10/67

01/26/68
03/12/68
09/17/68

12/08/68

lbocation

Carlsbad,
NM

NTS
NTS
NTS
NTS
NTS
NTS
NTS
NTS
NTS
NTS
NTS
NTS
NTS
NTS
NTS
NTS

NTS

Farmington,

NM
NTS
NTS
NTS

NTS

PLOWSHARE EXPERIMENTS

Type
Shaft

Crater
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Crater
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft

Shaft

Crater
Crater
Shaft

Crater

Yield (kilotons)

3

104

less than
less than
less than
20 to 200
less than
less than
38

12

0.092

4.3

less than
25

less than
less than
less than
less than
29

2.3

5.4

20 to 200
30

20

20

20

20

20

20

20

20

20

20



PLOWSHARE EXPERIMENTS (continued)

Event Date Location Type Yield (kilotons)
RULISON 09/10/69 Grand Valley, Shaft 40
Co
FLASK 05/26/70 NTS Shaft 105
MINIATA 07/08/71 NTS Shaft 83
RIO BLANCO 05/17/73 Rifle, CO Shaft 383 (for each of

three devices)
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SUMMARY OF DOSIMETRY FOR PLOWSHARE
PROGRAM AS OF DECEMBER 1982*

Number of
Personnel Gamma Exposure (rem) Personnel Average Maximum
Personnel identified with Gamma Gamma
Identified by Name and Zero Gamma Exposure Exposure
Units by Name by Film Badge <0.1 0.1-1.0 | 1.0-3.0 3.05.0 5.0+ Exposuress (rem} (rem)
Army 3 1 0 0 1 0 0 0 1.295 1.295
Navy 82 62 8 25 27 1 1 5 1.033 5.790
Marine Corps 1 1 0 1 0 0 0 0 0.3%0 0.330
Scientific Personnel, 632 632 632 0 0 0 0 629 0 0.080
Contractors, and
Affiliates
Air Force (Total) 25 23 14 9 0 0 0 11 0.119 0.670
SEDAN ({Air Force (13} (11 (9) (2} {0) (0} (0) (7 (0.049) {0.265)
Subtotal)
GNOME (Air Force {12) (12} (5) (7) (0) (0) (0} (4) (0.184) {0.670)
Subtotal)
Total 743 719 654 35 28 1 1 645 0.095

* Data are for SEDAN participants, except as noted.

** The number of personnel in this column is also represented in the <0.1 gamma exposure column.




PREFACE

From 1945 to 1962, the U.S. Government, through the
Manhattan Engineer District and its successor agency, the Atomic
Energy Commission (AEC), tested nuclear devices at sites in the
United States and in the Atlantic and Pacific Oceans. In all, an
estimated 220,000 Department of Defense (DOD) participants, both

military and civilian, were present at the tests.

In 1977, 15 years after the last above-ground nuclear
weapons test, the Center for Disease Control* noted a possible
leukemia cluster among a group of soldiers present at Shot SMOKY,
a test of Operation PLUMBBOB, the Nevada test series conducted in
1957. 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 personnel who
believe their health may have been affected by their partici-

pation in the weapons testing program.

In late 1977, the DOD began a study to provide data on the
potential exposure to ionizing radiation among the DOD military
and civilian participants in atmospheric nuclear testing. The
DOD organized an effort to:

e Identify DOD personnel who had taken part in atmospheric
nuclear weapons tests and other nuclear tests

® Determine the extent of the participants' exposure to
ionizing radiation

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

*The Center for Disease Control is part of the U.S. Department of
Health and Human Services (formerly the U.S. Department of
Health, Education, and Welfare).

10



METHODS AND SOURCES USED TO PREPARE THIS VOLUME

The Defense Nuclear Agency compiled information for this
volume from available documents that record scientific and
technical activities conducted generally during the PLOWSHARE
program, the series of nuclear tests conducted from 1961 to 1973,
and specifically during Projects GNOME and SEDAN, the first two
nuclear detonations of the program. These records, most of which
were developed by individuals and organizations participating in
PLOWSHARE, are kept in numerous document repositories throughout
the United States. 1In compiling information for this report,
teams of historians, health physicists, radiation specialists,
and information analysts canvassed the document repositories,
including armed services libraries, Government agency archives
and libraries, Federal rzpositories, and libraries of scientific
and technical laboratori=s. The teams examined classified and
unclassified documents containing information on DOD participa-
tion in PLOWSHARE activities, recorded relevant information
concerning the involvement of DOD personnel, and catalogued the
data sources. Many of the documents pertaining specifically to
DOD participation were found in the Defense Nuclear Agency
Technical Library. In most cases, however, the surviving
historical documentation of activities conducted at Projects
GNOME and SEDAN addresses test specifications and technical

information rather than personnel data.

For several of the activities discussed in this volume, the
only documents available are the schedules of events for Projects
GNOME and SEDAN, the "Department of Defense Technical Operational
Plan for VELA UNIFORM Participation in Project GNOME," and the
"Technical Director's Operation Plan, Project SEDAN." These
sources detail the plans developed by AEC and DOD personnel prior
to GNOME and SEDAN; the documents do not report on the experi-
ments as actually conducted. Plans and operations orders should,

however, provide a reasonably accurate account of personnel

11



activities since accomplishment of Projects GNOME and SEDAN
objectives required detailed planning and adherence to operations
orders. The references indicate whether the description is
according to specifications given in the schedules of events,

operational plans, or scientific reports.

ORGANIZATION OF THIS VOLUME

This volume describes the PLOWSHARE program and discusses
Projects GNOME and SEDAN. These two shots were selected for
discussion because they were conducted during the period of U.S.
atmospheric nuclear weapons testing, had documented (although
limited) DOD participation, and have been sufficiently documented
to permit a discussion of the detonations and associated

activities.

Chapter 1 of this volume provides background information,
including summaries of the historical context, objectives, and
organization of the PLOWSHARE program. Chapter 2 discusses
Project GNOME, conducted at a location southeast of Carlsbad, New
Mexico, and chapter 3 discusses Project SEDAN, conducted at the
Nevada Test Site (NTS). In addition to identifying the
particular test site, each chapter describes the scientific and
technical activities conducted by military and DOD civilian
personnel and the radiological safety criteria and procedures in
effect at the shots. The two chapters also present the informa-

tion accessible on DOD personnel dosimetry.

The information in this report is supplemented by the

Reference Manual: Background Materials for the CONUS Volumes.

The manual summarizes information on radiation physics, 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 United States.
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CHAPTER 1
INTRODUCTION

The involvement of the U.S. Government in nuclear research
dates from the beginning of World War II. At the outbreak of the
war, emigre scientists from Europe urged President Franklin D.
Roosevelt to build a nuclear weapon for use in the conflict
before the Germans did. The U.S. nuclear weapons test program,
begun during the war, evclved throughout the 1940s and into the
1950s. Influenced by its post-World War II relations with the
Soviet Union and anticipating Soviet advances in nuclear weapons,
the United States continued to expand its nuclear weapons test
program and its nuclear arsenal to maintain an advantage over its

greatest potential adversary (9; 20).*

Even in the earliest days of nuclear research and nuclear
weapons testing, however, scientists were aware of the potential
for peaceful applications of nuclear energy, including nuclear
detonations. With the fcunding of the United Nations following
the Second World War, world leaders established as their goal and
motto the fulfillment of Isaiah's prophecy, "And they shall beat
their swords into plowshares." Nuclear power generation research
was reestablished as an important priority, and nuclear weapons
researchers again considered peaceful applications of the energy

released by a detonation (42).

The opportunity for American scientists to apply nuclear
detonations to peacetime problems in large-scale engineering was
delayed by several factors, including the greater priority of

developing efficient weapons applications, concern over

*All sources cited in the text are listed alphabetically and
numbered in the Reference List at the end of this volume.

17



radioactive contamination, political uncertainty, and inter-
national suspicion of the intent of the research and the
applications being considered. Nevertheless, the AEC ultimately
succeeded in injtiating the PLOWSHARE program, designed to
explore the feasibility of peaceful applications of the explosive
power released by nuclear detonations. PLOWSHARE was planned in
the last years of the 1950s and conducted intermittently
throughout the 1960s and until 1975. The participation of the
Department of Defense in PLOWSHARE activities was limited,
involving primarily logistic support to the AEC (12; 44).

1.1 HISTORICAL BACKGROUND

The peaceful uses of nuclear fission were a low priority for
the U.S. Government before and during World War II. The rise of
fascism in Europe and the emigration of European scientists to
the United States in the mid-1930s encouraged the involvement of
the U.S. Government in nuclear research. These scientists, who
were aware of important developments in nuclear physics research
in Germany, were concerned that Germany might put the atom to
military use. Their fears deepened when it was revealed in 1938
that two German scientists had successfully split the uranium
atom, thus proving that an artificially induced nuclear chain
reaction was possible. In 1939, the emigre scientists drafted a
letter to President Franklin D. Roosevelt. Signed by Albert
Einstein, the letter informed the President about German nuclear
experiments and the possibilities of a German nuclear weapon.

The letter, and the extensive planning and preparation that
followed, led eventually to the creation in 1942 of the Manhattan

Engineer District.

Established under the Army Corps of Engineers, the Manhattan
Engineer District oversaw the Manhattan Project, the American
Government's effort to construct a nuclear weapon before the

Germans did. The Manhattan Project proved successful, first with
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the detonation of TRINITY, the world's first nuclear explosive
device, at Alamogordo, New Mexico, on 16 July 1945, and then with
the detonation of two nuclear weapons over Japan the following
month, which brought about the end of World War 11 (20).

After the war, and having witnessed the destructive power of
nuclear detonations, scientists and laymen desired to harness
nuclear energy for peaceful applications. The recognition that
nuclear energy had both military and peaceful applications became
U.S. policy in the Atomic Energy Act of 1946, which stated that
"atomic energy is capable of application for peaceful as well as
military purposes." The act specified that (1; 2):

A. The development, use, and control of atomic energy

shall be directed so as to make the maximum
contribution to the general welfare, subject at all
times to the par-amount objective of making the

maximum contribution to the common defense and
security....

B. The development, use, and control of atomic energy

shall be directed so as to promote world peace,

improve the genceral welfare, increase the standard

of living, and strengthen free competition in

private enterprise.
The establishment of the Atomic Energy Commission as a civilian
agency, separate from th= Department of Defense, underscored the
U.S. Government's position that peacetime uses of atomic energy
would be a major emphasis and that even weapons-related research
would remain under the control of civilian administrators at all

times (42).

In the late 1940s, the mathematician John von Neumann again
proposed using nuclear explosives for peaceful purposes (42).
However, at that time the available technology had several draw-
backs, including the high cost of fissionable materials, the
limits on the total yield, and the high level of radioactive
products. These factors, coupled with the increasing tension

between the Soviet Union and the West, led the United States to
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continue to direct most of its nuclear research toward weapons

development and defense (42).

In the fall of 1952, the United States conducted the first
thermonuclear or fusion detonation at Enewetak Atoll in the
Marshall Islands. The achievement of a fusion detonation was
significant for three reasons (15; 23):

@ Fusion fuels are far more abundant and, hence,
cheaper than fission fuels.

e The radioactivity generated by the lower relative
fission yield is greatly reduced.

® The potential exists for much higher yields.

These factors were also important considerations for the peaceful

applications of nuclear detonations.

In the fall of 1956, Dr. Harold Brown, then director of the
Lawrence Radiation Laboratory (LRL) in Livermore, California,
studied the possibility of using nuclear explosives to assist in
excavating an alternate sea-level canal across Israel (15; 42).
A second, similar proposal addressed the use of nuclear devices
to excavate a second canal between the Atlantic and Pacific
Oceans, either across the Isthmus of Panama or through Nicaragua
or Colombia (15). Also in 1956, Camille Rougeron, a French
engineer who had long advocated the use of thermonuclear
explosives for peaceful purposes, published a book on the

subject, Les Applications de 1'Explosion Thermonucleaire (42).

In February 1957, as the construction of the first
commercial nuclear-powered electrical generator was nearing
completion in Shippingport, Pennsylvania, Dr. Brown organized a
symposium involving the joint participation of the Los Alamos
Scientific Laboratory (LASL), the Sandia Corporation Laboratory,
and the LRL to discuss peaceful uses of nuclear explosives.

Under the leadership of Dr. Brown, a group was formed at the LRL
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in the summer of 1957 to explore the range of potential
engineering uses of nuclear explosives. The symposium and the
subsequent meetings of this group, together with the inauguration
of the Shippingport nuclear power reactor by President Dwight D.
Eisenhower later in 1957, stimulated scientific and public

interest in the nonmilitary uses of nuclear energy (23).

In a separate line of development that would later prove
significant and followinz the suggestions of several LRL
scientists, the AEC had =mbarked upon a program of underground
nuclear weapons testing. Shot RAINIER, the first contained
underground nuclear detonation, was fired at the Nevada Test Site
in September 1957 as part of Operation PLUMBBOB. The successful
containment of the RAINIER event and some underground tests
conducted in 1958 added to the speculations concerning
engineering and other civil applications of contained nuclear

detonations (15).

Ideas stimulated by these experiments were first reported at
the second Atoms for Peace Conference held in Geneva, Switzerland,
in the fall of 1958. At this conference, however, the Soviet
Union attacked U.S. proposals to use nuclear detonations for
industrial and civil purposes and scoffed at the idea of nuclear

weapons as a peacetime engineering resource (19).

In late 1958, the nuclear test moratorium caused a
postponement of the nuclear weapons development program. The
USSR suggested the moratorium when, in March of 1958, it
unanimously adopted a resolution calling for the unilateral
termination of fission and fusion weapons testing by the Soviet
Union and the initiation of an international conference aimed at
banning further tests. Even though they had not secured an
agreement on the moratorium with the Soviets, the United States
and Great Britain suspended nuclear weapons tests on 31 October

1958, the opening day of the Geneva Conference on the
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Discontinuance of Nuclear Weapons Tests. The Soviets suspended
nuclear testing a few days later, after a detonation on
3 November 1958. During the next six months, the Soviet and

Western governments conducted negotiations to end nuclear weapons

testing (9; 19).

Peaceful applications of nuclear detonations became a
complicating factor at the nuclear test ban treaty negotiations
in Geneva. On 30 January 1959, the United States introduced a
proposal for the development of peacetime applications of nuclear
explosives under international controls. The Soviets opposed
this motion and charged the United States with desiring to
continue fission and fusion weapons tests under the guise of
exploring the use of nuclear explosives for peaceful purposes
(9; 19).

The test ban treaty talks continued intermittently until
they were suspended in May 1960. Pointing to concerns raised by
the Berlin crisis, the Soviet Union announced on 31 August 1961
its unilateral decision to resume nuclear weapons testing, thus
ending its self-imposed moratorium. The United States resumed
underground testing at the NTS on 15 September 1961, after the
Soviet Union had detonated three nuclear weapons above ground.
The United States resumed atmospheric nuclear weapons tests in

the Pacific at the end of April 1962 (9; 19).

On 5 August 1963, two years after the resumption of weapons
testing, a limited test ban treaty was signed in Moscow. For the
signatory states, this treaty ended the testing of nuclear
explosive devices in the atmosphere, on land, and underwater, but
not underground. Article 1 of the limited test ban treaty reads
(19):

(1) FEach of the parties to this treaty undertakes to
prohibit, to prevent, and not to carry out any
nuclear weapon test explosion, or any other
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nuclear explosion, at any place under its
jurisdiction or control:

(a) In the atmosphere; beyond its 1limits,
including outer space; or underwater,
including territorial waters or high seas; or

(b) In any other environment if such explosion
causes radioactive debris to be present

outside the territorial limits of the State

under whos2 jurisdiction or control such

explosion is conducted...
The Soviet Union insisted on the insertion of the phrase "or any
other nuclear explosion," which precluded atmospheric nuclear
detonations for peaceful purposes. In addition, the treaty
prohibited the use of nuclear explosives for peacetime projects
at or within the territorial limits of other countries or at

underwater locations (24; 42).

1.2 THE PEACEFUL POTENTIAL OF NUCLEAR DETONATIONS

The primary peaceful potential for nuclear detonations was
that of large-scale geographic engineering. The AEC conducted
many experiments with high explosives during the test moratorium,
from 1958 to 1961, to aid research in this area. To extrapolate
results to nuclear detonations, scientists studied the relation-
ship of the explosive yield to the depth at which the explosive
was buried and the dimensions of the resultant craters to the
kind of rock in the shot area. Thus, considerable data were
available for the PLOWSHZRE program when nuclear testing was

resumed at the end of the moratorium in 1961 (15).

Another application considered for nuclear explosives was
the development of water resources. It was thought that nuclear
explosives might improve fresh water supplies by greatly
expanding the underground storage of water, by ensuring better
distribution of surface water, by constructing earthfill dams,

and by making possible economical water desalinization. Projects
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were proposed for redirecting river courses or diverting one
river system into another, draining swamps and eliminating salt
lakes, blasting deep lake basins, building landslide dams and
creating channels through natural earthfill dams, and creating

and enhancing underground agquifers (42).

Nuclear scientists and planners believed that nuclear
excavation techniques would prove functional in mining,
particularly in the recovery of lower grade ores. They
contemplated using nuclear blasting for three kinds of surface
mining: strip, open pit, and quarry. They thought the use of
nuclear explosives in surface mining would produce large
quantities of fragmented ore, thus reducing the number of
drilling and blasting operations needed to mine the ore. Nuclear
blasting was considered even more attractive for subsurface
mining, block caving, and especially in-situ leaching. The
advantage in block-caving mining was that the nuclear blast would
shatter ore not otherwise recoverable and would obliterate

structures detrimental to block caving (42).

It was hoped that mining techniques using nuclear explosives
to extract oil from tar sands and shale might provide a solution
to the long-term petroleum problem. Furthermore, scientists
envisioned nuclear techniques that would allow the mining of
large deposits of hard taconite and thus resolve some of the

difficulties in steel production (42).

One of the more novel applications suggested for nuclear
explosives was changing raw materials very deep in the earth to
chemicals important to science and industry. Scientists also
eyed PLOWSHARE as a tool for improving seismology, since an
underground nuclear blast is actually a controlled seismic
disturbance. There were even considerations of using nuclear
blasts for weather control. 1In addition, scientific experiments
were suggested using nuclear explosives to power vehicles for the

exploration of deep space (42).



The research program proposed included plans for more
specific nuclear projects. Among the projects under con-
sideration were those that would use nuclear explosives to (15):

® Excavate a sea-level canal across the Central
American isthmus =ither through Panama or Colombia

® Create canals to join the Qatara Depression and
Chotts Depression in Egypt with the Red Sea

e Excavate harbors along the west coasts of Africa,
Australia, and South America, and in northern Alaska
(Project CHARIOT)

e Recover o0il from the Athabaska Tar Sands in Alberta,
Canada (Project CILSAND),

1.3 THE PLOWSHARE PROGRAM

In the mid-1950s, after nearly 20 years of research, the
peacetime benefits of the controlled nuclear reaction were being
demonstrated. U.S. policy-makers and researchers alike were
eager to apply the massive energy released by a nuclear
detonation to civil engireering. However, concern was increasing
over the radioactive fallout produced by nuclear detonations in
the atmosphere. When the United States successfully contained a
small nuclear detonation in a sealed tunnel at Shot RAINIER in
Nevada in late 1957, a stfer alternative means of continuing
research on both nuclear weapons and civilian applications was

demonstrated.

Although the PLOWSHARE program was delayed during the
nuclear testing moratorium, detailed planning studies were
conducted for several PLOWSHARE projects. In addition, President
Eisenhower had authorized the preparation of a site near
Carlsbad, New Mexico, fo:» conducting a nuclear test deeply buried
in a bedded salt formation. Among other purposes, the detonation
was intended to enable studies of power production and isotope

recovery. In October 1951, President Kennedy authorized the
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first PLOWSHARE project, Shot GNOME, at the Carlsbad site. The
GNOME event was conducted on 10 December 1961 (42).

By the end of 1963, after five PLOWSHARE experiments and
many weapons tests, the program to contain radiocactivity had made
a successful start. Results showed that projected fallout in
excavation projects would be 100 times less than that forecast at
the start of the moratorium in 1958 (23).

After the signing of the limited test ban treaty, another 22
PLOWSHARE experiments were conducted underground. Table 1-1
lists these experiments and the others within the program. The
PLOWSHARE program was concluded in 1975, two years after the last
detonation (8).

The major goals of the PLOWSHARE experiments conducted after
the 1963 treaty, as stated at the Third PLOWSHARE Symposium,
Engineering with Nuclear Explosives, were to make nuclear explo-
sives cleaner and cheaper and to assure their performance and
reliability in production prototypes. Scientists and planners
responsible for the program believed that these goals could and
would be met. They thought that PLOWSHARE presented a new tech-
nology that would eventually contribute to the economic growth of

the United States and of many other nations.

The ultimate goal of PLOWSHARE, peaceful applications of
nuclear explosives, was never realized. The 1963 atmospheric
nuclear test ban treaty caused cancellations of many of the
plans, such as those for dredging canals and excavating harbors.
Other factors contributing to the failure of PLOWSHARE to fulfill
its goal were changes in national priorities, Government and
industry's disinterest in the program, public concern over the
health and safety aspects of using nuclear power for civil
applications, and shortages in funding. Although the program

remained alive within the Atomic Energy Commission until 1975, it
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Event

GNOME

SEDAN
ANACOSTIA
KAWEAH
TORNILLO
KLICKITAT
ACE

DUB

PAR
HANDCAR
SULKY
PALANQUIN
TEMPLAR
VULCAN
SAXON
SIMMS
SWITCH
MARVEL

GASBUGGY

CABRIOLET
BUGGY
STODDARD

SCHOONER

Table 1-1:
Date Location
12/10/61 Carlsbad,
NM
07/06/62 NTS
11/27/62 NTS
02/21/63 NTS
10/11/63 NTS
02/20/64 NTS
06/11/64 NTS
06/30/64 NTS
10/09/64 NTS
11/05/64 NTS
12/18/64 NTS
04/14/65 NTS
03/24/66 NTS
06/25/66 NTS
07/28/66 NTS
11/05/66 NTS
06/22/67 NTS
09/21/67 NTS
12/10/67 Farmington,
NM

01/26/68 NTS
03/12/68 NTS
09/17/68 NTS
12/08/68 NTS

27

PLOWSHARE EXPERIMENTS

Type
Shaft

Crater
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft
Crater
Shaft
Shaft
Shaft
Shaft
Shaft
Shaft

Shaft

Crater
Crater
Shaft

Crater

Yield (kilotons)

3

104

less than
less than
less than
20 to 200
less than
less than
38

12

0.092

4.3

less than
25

less than
less than
less than
less than

29

2.3
5.4
20 to 200

30

20

20

20

20

20

20

20

20

20

20



Event

RULISON

FLASK
MINIATA

RIO BLANCO

Table 1-1:

Date

09/10/69

05/26/70
07/08/71

05/17/73

PLOWSHARE EXPERIMENTS (continued)

Location

Grand Valley,

Cco
NTS
NTS

Rifle,

co

28

Type
Shaft

Shaft
Shaft

Shaft

Yield (kilotons)

40

105
83

33 (for each of
three devices)



was clear that the most practical peaceful applications of
nuclear energy had been achieved in the further development and
construction of nuclear power generators during the 1960s and
1970s. The enormous energy release provided by nuclear detona-
tions remained within the domain of weapons research and national

defense.

1.4 PLOWSHARE PROGRAM OFEGANIZATION AND DEPARTMENT OF DEFENSE

PARTICIPATION

During PLOWSHARE's planning stages and during periods of
testing, the General Mancger of the AEC in Washington, D.C.,
provided overall supervision of the PLOWSHARE program. He was
aided by his staff office, the Peaceful Nuclear Explosions
Division. The AEC Nevada Operations Office administered most
field activities, while the AEC Albuquerque Operations Office
gave support and construction assistance. The AEC San Francisco
Operations Office was responsible for administration and program

development, including industrial participation (15; 42).

The AEC General Manager reported to the AEC Commissioners,
who were responsible for policy decisions. The PLOWSHARE
Advisory Committee, chaired by an AEC Commissioner and composed
of eminent scientists, industrialists, and other prominent

individuals, assisted the Commission.

The LRL, under contract to the AEC, designed and supervised
the technical aspects of the PLOWSHARE program. For certain
tasks, such as research and development activities, specialized
support services, and consultation on the safety or technical
aspects of the experiments, LRL used the services of other AEC
laboratories, other contractors, Government agencies, or private
individuals. Since the PLOWSHARE program spanned a period of
more than 15 years, the organizational structure for specific
detonations varied according to the date of the detonation, the

location of the event, and the participating agencies (15; 42).
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The role of the military in the PLOWSHARE program was
primarily one of providing logistical support. Technical
participation was also allowed if the involvement did not
interfere with AEC activities. The Manager of the San Francisco
Operations Office specified criteria to be used in determining
military participation in PLOWSHARE. Among these guidelines were
(18; 44):

A. The basic scientific and technical design of each
PLOWSHARE experiment must be directed to peaceful
objectives and should constitute a potentially
useful contribution to the science of peaceful uses
of nuclear explosives.

B. Assistance of the military in the area of
logistical-operational support and the use of
military equipment solely for this purpose is
endorsed where economical and where the military is
willing to furnish such support.

C. Technical participation of the Department of
Defense or its contractors, as distinguished from
support, in any given experiment must be approved
by DMA (Division of Military Application) on an
individual basis.
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Purpose of Test:

Weather:

Radiation Data:

Participants:

PROJECT GNOME

SYNOPSIS

AEC TEST SERIES: PLOWSHARE

DATE/TIME: 10 December 1961, 1200 hours
YIELD: 3.1 kilotons

HEIGHT OF BURST: 1,184 feet underground
LOCATION:: Carlsbad, New Mexico

To obtain information on the characteristics
of an underground nuclear detonation in a salt
medium and to explore the feasibility of
energy recovery, radioisotope recovery, and
generated-neutron utilization.

At shot-time, the temperature was 7.4° Celsius,
and the surface atmospheric pressure was

909 millibars. Winds were four knots from the
southeast at the surface and 14 knots from the
southeast at 100 feet.

Radioactive materials vented to the atmosphere
about 340 meters southwest of ground zero. On
shot-day, the highest measured onsite gamma
intens:ty was 1 roentgen per hour (R/h),
recorded 1,300 meters northwest of the shaft
opening at 1938 hours. The highest offsite
reading was 1.4 R/h, measured 5.5 kilometers
west of the Control Point one hour after the
detonaztion. Underground recovery operations
were delayed in part because of high radiation
levels at the shaft opening (5 R/h at 0908
hours on the day after the detonation).

Army Eagineer Waterways Experiment Station;
Defense Atomic Support Agency; Air Force
Special Weapons Center; Air Force Tactical
Applications Center; Lawrence Radiation
Laboratory; Oak Ridge National Laboratories;
Sandia Corporation; Stanford Research
Institute; U.S. Coast and Geodetic Survey;
U.S. Weather Bureau; Holmes and Narver, Inc.;
Edgerton, Germeshausen, and Grier, Inc.; U.S.
Public Health Service; Reynolds Electrical and
Engineering Company; Federal Aviation Agency;
U.S. Geological Survey; Space Technology
Laboratories; Texas Instruments; Geotechnical
Corporation; other contractors; AEC civilians.
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CHAPTER 2
PROJECT GNOME

The Project GNOME detonation at 1200 hours Mountain Standard
Time on 10 December 1961 was the first nuclear test of the
PLOWSHARE program. It was also the first continental nuclear
test conducted outside the Nevada Test Site since TRINITY was
detonated near Alamogordo, New Mexico, on 16 July 1945. On
1 July 1958, the Atomic Energy Commission selected an area
40 kilometers* southeast of Carlsbad, New Mexico, as the location
for GNOME. The AEC originally scheduled the detonation for
1 July 1959. The nuclear device, to be emplaced at a depth of
1,200 feet, was initially planned to have a yield of ten kilotons
(14; 27).

In August 1958, the AEC made a public announcement of its
plans for Project GNOME. Shortly after the announcement, the
Carlsbad potash industry objected to the plans because of the
possible effects of the detonation on mines and refineries in the
area, on gas wells located nearby, on farmlands, on ground water,
and on the Carlsbad Caverns. In response to these objections,
the AEC convened a panel of experts recommended by the National
Academy of Sciences. The experts studied potential health and
safety issues associated with the use of the projected site for
GNOME. They reviewed the geology of the region, appraised ground
water conditions, and evaluated the expected seismic effects.
They concluded that the area was suitable for the GNOME
detonation (4; 15; 27; 43).

In late 1958, the nuclear test moratorium caused a

postponement of Project GNOME. In anticipation of the eventual

*Throughout this report, surface distances are given in metric
units. The metric conversion factors include: 1 meter = 3.28
feet; 1 meter = 1.09 yards; 1 kilometer = 0.62 miles. Altitudes
and other vertical distances are given in feet.
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end of the moratorium, hcowever, the AEC continued developing
plans for the detonation. In March 1960, President Eisenhower
directed the AEC to proceed with design and construction plans.
The AEC then rescheduled the shot for 1 May 1961 and, later, for
10 December 1961. It revised its plans for a detonation of ten
kilotons to one of five kilotons. On 25 October 1961, President
Kennedy authorized the experiment, describing it as a "further
example of this country's desire to turn the power of the atom to
man's welfare rather than his destruction" (42). To prepare for
GNOME and other PLOWSHARL experiments, the AEC conducted a high-
explosive detonation program from 1958 to 1961 at the NTS and
other sites, including the Carlsbad location (15; 36; 42).

Since one of the purposes of GNOME was to obtain information
on the characteristics o underground detonations in another
medium--salt--the device was to be fired in a bedded salt
formation. 1In selecting the site, scientists engaged by the AEC
specified that they wanted a relatively pure salt formation that
had a low water content, the top of which was less than 800 feet
below the surface. 1In addition, they wanted an area of low
population that was on Government land. Assisted by the U.S.
Geological Survey, the scientists eventually selected the site
40 kilometers southeast o»f Carlsbad, in Eddy County. Figure 2-1
shows the site location. The site was in the Salado formation of
the Delaware Basin. This geologic formation consists principally
of halite (rock salt), with minor traces of anhydrite, poly-
halite, silt, and claystone. The top of the salt formation was
approximately 710 feet below the site surface. The GNOME site
was about ten kilometers from the nearest o0il well, 14 kilometers
from the nearest underground potash mine in operation, and
55 kilometers from the nearest edge of the Carlsbad Caverns.
After this location had been selected, the land surrounding the
site was withdrawn from the public domain and placed under AEC
control (12; 15).
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Several contractors began the planning and construction work
at the Carlsbad site in the summer of 1961. Holmes and Narver,
Incorporated, prepared the engineering and construction plans,
for which the Lawrence Radiation Laboratory had developed
technical specifications. Many companies constructed the shaft
and the emplacement tunnel that went from the bottom of the shaft
to the detonation point. The Reynolds Electrical and Engineering
Company (REECo) and several New Mexico contractors performed

general support and other construction tasks (15).

LRL assembled and emplaced the nuclear device, which was
armed by the Sandia Corpcration. Edgerton, Germesbhausen, and
Grier, Incorporated (EG&C) designed and installed the timing and
firing equipment. Under the technical direction of LRL, many
agencies performed research and development experiments. These
agencies included the Los Alamos Scientific Laboratory, Sandia
Laboratory, Stanford Research Institute, Oak Ridge National
Laboratory, the U.S. Bureau of Mines, and the U.S. Coast and

Geodetic Survey. The LRI, also conducted experiments (15).

The GNOME device was emplaced 1,184 feet underground in
bedded rock salt at the end of a 1,116-foot hooked tunnel meant
to be self-sealing. A shaft f,216 feet deep and ten feet wide
ended in a station room connected to the tunnel. Figure 2-2
shows the GNOME detonation site; including ground zero and the

shaft opening.

GNOME was detonated with a yield of 3 kilotons. At shot-
time, the surface temperature was 7.4 degrees Celsius, and the
surface atmospheric pressure was 906 millibars. Winds were four
knots from the south-southeast at the surface and 14 knots from
the southeast at 100 feet. Although it had been planned as a
contained explosion, GNOME vented to the atmosphere. A cloud of

steam started to appear at the top of the shaft two to three

35



i Helicopter D D Control
Pad Point

] Test Director's
Barricade

Main Access Road

® Ground Zero

Shaft Opening
[0 sandia Trailer Park

0 500 1000
L L ]
Meters

2

Figure 2-2. PROJECT GNOME DETONATION SITE
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minutes after the detonation. Gray smoke, steam, and associated
radioactivity emanated from the shaft opening about seven minutes
after the detonation. Within 11 minutes after shot-time, both

the shaft and ventilation lines were issuing large quantities of
steam. During the next 30 minutes, the large flow continued and
then began to decrease gradually. The surface radioactivity
resulting from the escape of steam decayed rapidly. On the fol-
lowing day, a small flow of steam was still detectable (8; 14; 17).

The detonation produced a nonspherical cavity with a volume
of about 960,000 cubic feet and melted about 2,400 tons of rock.
Pressure produced in the surrounding rock imploded about 13,000
tons of salt rock into tke cavity. The cavity roof and walls
subsequently collapsed, resulting in an additional 15,000 tons of
solid rock salt being dumped into the cavity. The chamber was
then 60 to 80 feet high snd 160 to 170 feet wide. The cavity
floor was at about the level of the original detonation point.
The material originally melted by the detonation and that which
fell from the roof and walls of the cavity comprised the lower
portion of the cavity. Most of the nongaseous radioactive
residue was trapped in the mixture of rubble and once-molten salt
that made up the floor o7 the chamber. When workers reentered
the cavity on 17 May 1962, they found temperatures around 60
degrees Celsius but only small amounts of residual radiation.

The earlier intense radiation had colored the salt of the cavity

walls various shades of blue, green, and violet (15; 17).

2.1 OBJECTIVES OF PROJECT GNOME

GNOME was the first nuclear detonation with the objective of
developing nuclear explosives for peaceful applications. Along
with expanding data on an underground nuclear detonation in a
salt medium, the primary objectives were to (12; 15):

e Study the possibility of converting the heat

produced by a nuclear explosion into steam for the
production of electric power
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e Explore the feasibility of recovering radioisotopes
for scientific and industrial applications

® Use the high flux of neutrons produced by the
detonation for a variety of measurements that would
contribute to scientific knowledge in general and to
the reactor development program in particular,

Measurements of an earlier underground detonation, Shot
RAINIER, had indicated that roughly one-third of the energy was
deposited in the melted rock at temperatures above 1,090 degrees
Celsius. This information encouraged hopes that a nuclear
detonation in a dry medium might cause heat to be stored long
enough to permit efficient recovery. GNOME was developed with
the idea that a nuclear detonation in a salt deposit would create
a large volume of hot melted salt from which heat might be
extracted. The possibilities to be investigated for the
production of power were the tapping of the steam created by the
detonation itself and the generation of high-density, high-
pressure steam by the circulation of some heat-absorbing fluid,
like water, over the heated salt. This generated steam would be
used to drive a steam or hot gas turbine coupled with an electric

generator (17; 42),

Because of the widely increased use of radioisotopes in
scientific experiments, medical diagnosis and therapy,
agriculture, and industrial production, PLOWSHARE scientists
sought to find new means for manufacturing and recovering
radioisotopes. Shot RAINIER had demonstrated that large
quantities of radionuclides become entrapped in the molten rock
formed by an underground nuclear explosion. Since recovery is
difficult when the rock solidifies, a new medium of transport for
the radionuclides was sought. It was hoped that salt, being
water soluble, could be processed to recover the radionuclides
more cheaply and simply than from an insoluble, low-grade ore
(15; 42).
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Nuclear detonations produce neutrons in such high quantity
and density that it was thought they would make possible new and
significant scientific experiments that had been essentially
impossible with conventional sources. To obtain information on
the structure and properities of the atomic nucleus, scientists at
GNOME designed and installed equipment in the tunnel so that
various sample materials would be irradiated by different

portions of the neutron energy spectrum (15; 42).

2.2 OBSERVER PROGRAM

To emphasize the peiaceful aims of the GNOME experiment, the
AEC welcomed observers from interested countries of the United
Nations, as well as representatives of the press and scientific
community, and made all information, except that pertaining to
the design of the nuclear explosive, available to the public. In
addition, the Commission undertook an extensive information

program prior to the detonation (11; 15; 42).

Briefings were held in Carlsbad on 25 and 26 November 1961.
After the latter briefing, participants made a surface and
underground visit to the test site. The following listing

identifies the number of participants and their affiliation (10):

Briefing Tour
International observers 16 14
News media 71 65
Government 27 26
Science and industry 40 45
Carlsbad visitors _43 51
197 201

United Nations representatives were among the participants. The
official Carlsbad visitors included representatives from the city
and county government, the state legislature, the potash industry

and other local businesses, the Chamber of Commerce, and
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education and labor groups. News media personnel were from ABC
and CBS radio and television, Movietone News and Telenews,
Associated Press and United Press International, Life, Time,

Business Week, U.S. News and World Report, New York Times, San

Francisco Chronicle, and the local media (10).

Another briefing was held on 9 December 1961 in the Carlsbad
High School auditorium. On 10 December, many scientists and some
400 other observers saw the GNOME detonation from a site 7.2

kilometers from ground zero (10; 42).

2.3 PROJECT GNOME ORGANIZATION

The AEC established the Project GNOME Organization to plan
and conduct the detonation. The organization consisted primarily

of AEC, DOD, and contractor personnel.

The Director of the Division of Military Application, who
customarily supervised nuclear test operations from AEC
headquarters in Washington, D.C., shared responsibility for
Project GNOME with the Director of the Division of Biology and
Medicine and the Director of the Division of Peaceful Nuclear
Explosions. The AEC assigned overall control of GNOME planning
to the AEC San Francisco Operations Office. The San Francisco
Office signed an agreement with the AEC Albuquerque Operations
Office giving the Albuquerque Office responsibility for GNOME
field operations. The Assistant Manager for Field Operations,
Albuquerque Operations Office, was the GNOME Project Manager
(12; 33).

The principal DOD agencies coordinating military activities
were the Air Force Technical Applications Center (AFTAC) and the
Defense Atomic Support Agency (DASA). These two agencies
participated in the VELA UNIFORM program, developed by DOD to

improve U.S. capabilities in detecting and identifying
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underground nuclear detonations. AFTAC formulated the technical
requirements for the VELA UNIFORM program, conducted offsite
measurements, and developed onsite inspection techniques.

wWorking with these requirements, DASA developed and directed the
projects. The Advanced Research Projects Agency, a DOD office
administering the VELA UNIFORM program, supervised DASA and AFTAC
activities (12). Figure 2-3 shows the line of authority from the
President through the AEC and DOD to the Project GNOME Organiza-
tion. Figure 2-4 shows the Project GNOME Organization.

The GNOME Project Menager was in charge of the overall
planning and conduct of field operations. He was assisted by the
Military Deputy Project Manager, an officer from Field Command,
DASA, who was responsible for all VELA UNIFORM matters and DOD
participation in GNOME. The Scientific Advisor and a board of
consultants from the Government and scientific community aided
the Project Manager in deciding whether conditions were safe for
the detonation (12). The Project Manager, Scientific Advisor,
and consultants based their decision on findings of the Weather
and Radiation Prediction Unit. The chief meteorologist of the
U.S. Weather Bureau Station in Las Vegas, Nevada, was director of
the unit. The Weather Bureau provided personnel and technical
equipment (49).

In addition to his other duties, the Project Manager was
responsible for disseminating information about GNOME. To
accomplish this, he established the Office of Information in
Carlsbad. This office issued all press releases to the public
and oversaw the flow of information through GNOME participants to
the media (34).

The Technical Group was responsible for implementing
experiments at GNOME that were not part of VELA UNIFORM and for
implementing onsite radiological safety procedures. The

Technical Group Director, an LRL scientist, headed this
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Table 3-1: DISTRIBUTION OF GAMMA RADIATION EXPOSURES FOR DOD PERSONNEL
AND AFFILIATES AT PROJECT SEDAN, PLOWSHARE PROGRAM

(CONTINUED)
Personnel Average Gamma Exposure {rem)
Personnel Identified Gamma P
Identified by Name and Exposure
Units by Name by Film Badge (rem) <0.1 0.1-1.0 1.0-3.0 3.05.0 5.0+
Air Force
Air Force Flight Test Center, Headquarters 6 5 0.053 4 1 0 0 0
Air Force Flight Test Center, Headquarters 1 1 0.075 1 0 0 0 0
Unknown at This Time L) 4 0 4 ] 0 ] ]
1129th U.S. Air Force Special Activities 1 0
Squadron
1136th U.S. Air Force Special Activities 1 1 0.200 0 1 0 0 0
Squadron
Total {Air Force) 13 1" 0.049 9 2 0 0 0
Total (SEDAN) 99 75 0.883 17 28 28 1 1
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Table 3-2: DISTRIBUTION OF GAMMA RADIATION EXPOSURES FOR SCIENTIFIC
PERSONNEL, CONTRACTORS, AND AFFILIATES, PLOWSHARE PROGRAM*

Personnel Average Gamma Exposure {rem}
Personnel Identified Gamma
Iden-ified by Name and Exposure
Units by Aame by Film Badge {rem) <0.1 0.1-1.0 1.0-3.0 3.05.0 5.0+
Armour Research Foundation 9 9 0 9 0 0 0 0
Bendix Aircraft Corporation 15 85 0 85 0 0 0 0
Chance Vought 6 6 0 6 0 0 0 0
DNA Clarksvilie Base 16 16 0 16 0 0 0 0
DNA Lake Meade Base 37 37 0 37 0 0 0 0
DNA Manzano Base 7 7 0 7 ] ] 0 0
DNA Headquarters, Washington, DC 20 20 0 20 0 0 0 0
FCDNA Civilians, Kirtland AFB n 1" 0.007 T 0 0 0 0
FCDNA NTS Detachment 12 12 0.002 12 0 0 0 0
Marquardt Aircraft ) N 0 31 0 0 0 0
Martsat 7 7 0 7 0 0 0 0
Office of Test Information 1 1 0 1 0 0 0 [
Office of the Secretary of Defense 47 47 0 47 0 0 0 0
Stanford Research Institute 13 13 0.003 13 0 0 0 0
Unit Unknown 1306 306 0 306 0 0 0 0
Universities 24 24 0 24 0 0 0 0
Total 1332 632 0 632 0 0 0 0

*Information is not available on personnel participation according to specific PLOWSHARE event.
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Monitoring

Onsite monitoring activities of the Radiological Safety
Division included (37; 40):

e Performing initial surveys and resurveys of the test
area

® Marking and establishing radiation areas within
isointensity lines

e Establishing and operating monitoring checkpoints

e Serving as monitors for personnel who were required
to enter radiation areas.

At 1100 hours, two hours after the detonation, four two-
person monitoring teams in radio-equipped vehicles left the Test
Director's Forward Control Point to conduct the initial ground
survey of the shot area. Radiation intensities before this time,
as recorded by remote monitoring stations, were too high to
permit entry into this area. The survey teams proceeded along
predesignated routes into the shot area taking radiation readings
as they progressed. They radioed the readings to radiological
safety personnel at the base station, where isointensity maps
were prepared. The maps were then made available to project
personnel who entered the shot area to recover equipment and
data.

The teams completed the initial survey at 1200 hours.
Figure 3-9 presents a copy of the radiation isointensity map
resulting from this survey. Resurveys were performed five hours
after the detonation and on various days up to 33 days after the
detonation. Figures 3-10 and 3-11 show copies of radiation
isointensity maps resulting from surveys conducted five hours and
two days after the detonation. Radiological surveys were also
conducted at specific locations in addition to Area 10, including
Frenchman Flat, Papoose Lake, Control Point Building 1, and Area

7 (40).
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Offsite monitoring, provided by USPHS personnel, was also
conducted during the SEDAN event. Before the detonation, 18
two-person monitoring teams in radio-equipped vehicles went to
selected offsite areas within about 350 kilometers of ground
zero. These teams were then in position to conduct ground
surveys as the SEDAN cloud drifted over their locations. The
teams monitored along some highways and in populated areas in the
path of the cloud. The highest gamma intensity they encountered
on shot-day in unpopulated areas was 1.96 R/h, recorded about
62 kilometers north of ground zero. The highest gamma intensity
encountered by teams in a populated area on shot-day was
0.324 R/h, recorded in Diablo, Nevada. The next highest
intensity on shot-day was 0.032 R/h at Penoyer, Nevada (29).

Offsite monitoring teams resurveyed the towns and other
populated areas each day for four days after the detonation. The
highest gamma intensity recorded was 0.011 R/h in Diablo the day
after the detonation (29).

Decontamination

Radiological safety personnel operated a decontamination
facility from the Test Director's Forward Control Point. At this
station, they monitored personnel, vehicles, and equipment
leaving the test area. Decontamination was required if radio-
activity exceeded the NTS limits of:

® Personnel: 0.007 R/h (beta and gamma) or 1,000

counts per minute (alpha) on
anticontamination clothing and shoes

0.001 R/h (gamma) or 200 counts per
minute (alpha) on surtface of skin or
underclothing

® Vehicles and 0.007 R/h (gamma) on outer surfaces
Equipment:
0.007 R/h (beta and gamma) or 10,000
counts per minute (alpha) on inner
surfaces.
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The first step in decontaminating personnel returning from
the radiation area was to clean them of surface contamination by
vacuuming the dust and dirt from their garments. Returning
personnel then turned in their respirators, film badges, and
pocket dosimeters. Radiological safety personnel next monitored
each individual. 1If the radiocactivity reading exceeded the
limit, the person was required to remove contaminated clothing
and, if the reading was still too high, take a shower.
Radiological safety personnel monitored the individual again
after the shower. If the radiation reading was less than 0.001
R/h on the surface of the skin, the individual received fresh

clothing and was released.

Vehicles returning from radiation areas were parked in
designated areas adjacent to the Control Point. Members of the
Radiological Safety Division monitored the vehicles. If they
recorded readings of 0.007 R/h or greater, the vehicles had to be
decontaminated. Radiological safety personnel first vacuumed all
surfaces, including runniag boards, floorboards, and the under-
sides of fenders. They then resurveyed the vehicles and, if the
vehicles were still contaninated, sprayed and washed them with a
liquid detergent and rinsed them with water. When measured gamma
radiation intensities were less than 0.007 R/h, radiological

safety personnel returned the vehicles to service.

Radiological safety personnel also operated a decontamina-
tion facility at Indian Springs AFB. After completing their
missions, AFSWC aircraft returned to the base. There, the
aircraft and crews were monitored for radioactivity and

decontaminated as necessary (40).

To allow natural decay of radiation intensities, decontam-
ination crews waited until 1700 hours on shot-day to begin
decontaminating the five cloud-sampling aircraft. These crews,

wearing anticontamination clothing, film badges, and pocket
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dosimeters, used a mixture of citric acid, sodium borate, soap,
and water to decontaminate the aircraft, including the pilot
areas, the engines, and the sample pods. To decontaminate
engines, the crews sprayed the running engines with a two-inch

stream of water from a fire hose (38).

In addition to decontaminating personnel and vehicles, a
major decontamipation activity during SEDAN was cleaning about
11 kilometers of the highway leading to Groom Pass. This highway
had become contaminated with fallout debris from the cloud. By
11 July, the maximum radiation levels had decayed to about
1.2 R/h. Radiological safety personnel washed the contaminated
material from the road with water from high-pressure hoses. They
used several tanker trucks and fire trucks for this operation.
After washing, the highway was resurveyed, and the highest
radiation level was found to be 0.15 R/h. At 1100 hours on
11 July, the highway was reopened for traffic (40).
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Surface Weapons Center
ATTN: Library

War College
ATTN: Professor 8 Libraries

Weapons Center
ATTN: Code 233

Weapons Evaluation Facility
ATTN: Library



DEPARTMENT OF THE NAVY (Continued)

Navy Nuclear Power School
ATTN: Library

Navy Nuclear Test Personnel Review
2 cy ATTN: W. Loeffler

Nimitz Library
ATTN: Documents & Reports Dept

Office of the Judge Adv Gen
ATTN: Code 73

U.S. Merchant Marine Academy
ATTN: Librarian

U.S. Naval Air Station Library
ATTN: Library

DEPARTMENT OF THE AIR FORCE

Aerospace Defense Command
ATTN: Historian

Air Force Communications Command
ATTN: Historian

Air Force Institute of Technology
ATTN: Library

Air Force Logistics Command
ATTN: Historian

Air Force Nuclear Test Personnel Review

ATTN: HQ USAF/SGES

Air Force Systems Command
ATTN: Historian

Air Force Technical Applications Ctr
ATTN: Historian

Air Force Weapons Laboratory
ATTN: Tech Library

Air National Guard
ATTN: Historian

Air Training Command
ATTN: Historian

Air University Library
ATTN: AUL-LSE

Military Airlift Command
ATTN: Historian

Pacific Air Forces
ATTN: Historian

Strategic Air Command
ATTN: Historian
ATTN: NRI-STINFO, Library

DEPARTMENT OF THE AIR FORCE (Continued)

U.S. Air Force Academy Library
ATTN: Library

U.S. Air Force Occupational & Env Health Lab
ATTN: NTPR

USAF School of Aerospace Medicine
ATTN: Strughold Library

DEPARTMENT OF ENERGY

Department of Energy
ATTN: OMA

Nevada Operations Office
ATTN: Health Physics Div
2 cy ATTN: R. Nutley

Human Health & Assessments Div
ATTN: Librarian

DEPARTMENT OF ENERGY CONTRACTORS

Holmes & Narver, Inc
ATTN: JNATOR, Mr. Greene

Lawrence Livermore National Lab
ATTN: Technical Info Dept Library

Los Alamos National Laboratory
ATTN: M. Walz, ADLA MS Al83
ATTN: D. Cobb, ESS MSS D466
2 cy ATTN: Library
2 cy ATTN: ADPA MMS 195

Reynolds Electrical & Engr Co, Inc
ATTN: CIC
ATTN: W. Brady

Sandia National Lab
ATTN: Central Library
ATTN: W. Hereford

OTHER GOVERNMENT AGENCIES

U.S. Public Health Service
ATTN: G. Caldwell

Central Intelligence Agency
ATTN: Office of Medical Services

Dept of Health & Human Svcs
ATTN: Office of General Counsel

Exec Ofc of the President
Management & Budget Ofc Lib
ATTN: Librarian

Library of Congress
ATTN: Library Service Division
ATTN: Science & Technology Div
ATTN: Serial & Govt Publication



OTHER GOVERNMENT AGENCIES (Continued)

National Archives
ATTN: Librarian

National Atomic Museum
ATTN: Historian

Department of Commerce
ATTN: Librarian

Occupational Safety & Health Admin
ATTN: Library

Office of Health & Disability
ATTN: R. Copeland

O0ffice of Workers Compensation Pgrm
ATTN: R. Larson

U.S. Coast Guard Academy Library
ATTN: Librarian

U.S. House of Representatives
2 cy ATTN: Committee on Armed Services

U.S. House of Representatives
ATTN: Subcommittee on Health & Envir

U.S. Senate
ATTN: Committee on Veterans A*fairs

U.S. Senate
ATTN: Committee on Veterans Affairs

Veterans Administration - RO
Providence, RI
ATTN: Director

Veterans Administration
Washington, D.C.
ATTN: Board of Veteran Appeal

Veterans Administration - Ofc Central
Washington, D.C.

ATTN: Dept Veterans Benefit, Central Ofc

ATTN: Director

Veterans Administration - RO
Montgomery, AL
ATTN: Director

Veterans Administration - RO
Anchorage, AK
ATTN: Director

Veterans Administration - RO
Phoenix, AZ
ATTN: Director

Veterans Administration - RO
Little Rock, AR
ATTN: Director

Veterans Administration -RO
Los Angeles, CA
ATTN: Director
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OTHER GOVERNMENT AGENCIES (Continued)

Veterans Administration - RQ
San Francisco, CA
ATTN: Director

Veterans Administration - RO
Denver, CO
ATTN: Director

Veterans Administration - RO
Hartford, CT
ATTN: Director

Veterans Administration - RO
Wilmington, DE
ATTN: Director

Veterans Administration - RO
St. Petersburg, FL
ATTN: Director

Veterans Administration - RO
Atlanta, GA
ATTN: Director

Veterans Administration - RO
Honolulu, HI
ATTN: Director

Veterans Administration - RO
Chicago, IL
ATTN: Director

Veterans Administration - RO
Seattle, WA
ATTN: Director

Veterans Administration - RO
Indianapolis, IN
ATTN: Director

Veterans Administration - RO
Des Moines, IA
ATTN: Director

Veterans Administration - RO
Wichita, KS
ATTN: Director

Veterans Administration - RO
Louisville, KY
ATTN: Director

Veterans Administration - RO
New Orleans, LA
ATTN: Director

Veterans Administration - RO
Togus, ME
ATTN: Director

Veterans Administration - RO
Baltimore, MD
ATTN: Director

Veterans Administration - RO
Boston, MA
ATTN: Director



OTHER GOVERNMENT AGENCIES (Continued)

Veterans Administration - RO
St. Paul, MN
ATTN: Director

Veterans Administration - RO
Jackson, MS
ATTN: Director

Veterans Administration - RO
Huntington, WV
ATTN: Director

Veterans Administration - RO
St. Louis, MO
ATTN: Director

Veterans Administration - RO
Fort Harrison, MT
ATTN: Director

Veterans Administration - RO
Lincoln, NE
ATTN: Director

Veterans Administration - RO
Reno, NV
ATTN: Director

Veterans Administration - RO
Manchester, NH
ATTN: Director

Veterans Administration - RO
Newark, NJ
ATTN: Director

Veterans Administration - RO
Milwaukee, WI
ATTN: Director

Veterans Administration - RO
Albuquerque, NM
ATTN: Director

Veterans Administration - RO
Buffalo, NY
ATTN: Director

Veterans Administration -RO
New York, NY
ATTN: Director

Veterans Administration -RO
Winston Salem, NC
ATTN: Director

Veterans Administration - RQ
Fargo, ND
ATTN: Director

Veterans Administration - RQ
Cleveland, OH
ATTN: Director

Veterans Administration - RO
Muskogee, OK
ATTN: Director
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OTHER GOVERNMENT AGENCIES {Continued)

Veterans Administration - RO
Portland, OR
ATTN: Director

Veterans Administration - RO
Pittsburgh, PA
ATTN: Director

Veterans Administration - RO
Philadelphia, PA
ATTN: Director

Veterans Administration - RO
APO San Francisco
ATTN: Director

Veterans Administration - RO
San Juan, Puerto Rico
ATTN: Director

Veterans Administration - RO
Columbia, SC
ATTN: Director

Veterans Administration - RO
Sioux Falls, SO
ATTN: Director

Veterans Administration - RO
Houston, TX
ATTN: Director

Veterans Administration - RO
Waco, TX
ATTN: Director

Veterans Administration - RO
Salt Lake City, UT
ATTN: Director

Veterans Administration - RO
White River Junction, VT
ATTN: Director

Veterans Administration - RO
Roancke, VA
ATTN: Director

Veterans Administration - RO
Cheyenne, WY
ATTN: Director

Veterans Administration - RO
San Diego, CA
ATTN: Director

Veterans Administration - RO
Boise, ID
ATTN: Director

Veterans Administration - RO
Detroit, MI
ATTN: Director



OTHER GOVERNMENT AGENCIES {Continued)

Veterans administration - RO
Nashville, TN
ATTN: Director

The White House
ATTN: Domestic Policy Staff

DEPARTMENT OF DEFENSE CONTRACTORS

Advanced Research & Applications (orp
ATTN: H, Lee

JAYCOR
ATTN: A. Nelson
10 cy ATTN: Health & Environment Div

Kaman Tempo
ATTN: E. Martin
ATTN: DASIAC

Kaman Tempo
ATTN: R. Miller

Kaman Tempo
10 cy ATTN: C. Jones

National Academy of Sciences
ATTN: C. Robinette
ATTN: Medical Follow-up Agancy
ATTN: National Materials Alvisory Board

Pacific-Sierra Research Corp
ATTN: H. Brode, Chairman SAGE

R & D Associates
ATTN: P. Haas

Science Applications, Inc
ATTN: Tech Library

Science Applications, Inc
10 cy ATTN: L. Novotney

OTHER

Adams State College
ATTN: Govt Publication Lit

Akron Public Library
ATTN: Govt Publication Litrarian

Alabama St Dept of Archives & Hictory
ATTN: Military Records Division

University of Alabama
ATTN: Reference Dept/Docunents

University of Alaska
ATTN: Director of Libraries

University of Alaska
ATTN: Govt Publication Librarian
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OTHER (Continued)

Albany Public Library
ATTN: Librarian

Alexander City State Jr College
ATTN: Librarian

Allegheny College
ATTN: Librarian

Allen County Public Library
ATTN: Librarian

Altoona Area Public Library
ATTN: Librarian

American Statistics Index
ATTN: Cathy Jarvey

Anaheim Public Library
ATTN: Librarian

Andrews Library, Coilege of Wooster
ATTN: Government Documents

Angelo State University Library
ATTN: Librarian

Angelo lacoboni Pub Lib
ATTN: Librarian

Anoka County Library
ATTN: Librarian

Appalachian State University
ATTN: Library Documents

Arizona State University Library
ATTN: Librarian

University of Arizona
ATTN: Gov Doc Dept, C. Bower

Arkansas College Library
ATTN: Library

Arkansas Library Comm
ATTN: Library

Arkansas State University
ATTN: Library

University of Arkansas
ATTN: Government Documents Div

Austin College
Arthur Hopkins Library
ATTN: Librarian

Atlanta Public Library
ATTN: Ivan Allen Dept

Atlanta University Center
ATTN: Librarian



OTHER (Continued)

Auburn Univ at Montgomery Lib
ATTN: Librarian

B. Davis Schwartz Mem Lib
ATTN: Librarian

Bangor Public Library
ATTN: Librarian

Bates College Library
ATTN: Librarian

Baylor University Library
ATTN: Docs Dept

Beloit College Libraries
ATTN: Serials Docs Dept

Bemidji State College
ATTN: Library

Benjamin F. Feinberg Library
State University College
ATTN: Government Documents

Bierce Library, Akron University
ATTN: Government Documents

Boston Public Library
ATTN: Documents Department

Bowdoin College
ATTN: Librarian

Bowling Green State Univ
ATTN: Govt Docs Services

Bradley University
ATTN: Govt Publication Librarian

Brandeis University Lib
ATTN: Documents Section

Brigham Young University
ATTN: Librarian

Brigham Young University
ATTN: Documents Collection

Brookhaven National Laboratory
ATTN: Technical Library

Brooklyn College
ATTN: Documents Division

Broward County Library Sys
ATTN: Librarian

Brown University
ATTN: Librarian

Bucknell University
ATTN: Reference Dept
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OTHER (Continued)

Buffalo & Erie Co Pub Lib
ATTN: Librarian

Burlington Library
ATTN: Librarian

California at Fresno State Univ Lib
ATTN: Library

California at San Diego University
ATTN: Documents Department

California at Stanislavs St Clg Lib
ATTN: Library

California St Polytechnic Univ Lib
ATTN: Librarian

California St Univ at Northridge
ATTN: Gov Doc

California State Library
ATTN: Librarian

California State Univ at Long Beach Lib
ATTN: Librarian

California State University
ATTN: Librarian

California State University
ATTN: Librarian

California Univ Library
ATTN: Govt Publications Dept

California Univ Library
ATTN: Librarian

California University Library
ATTN: Govt Documents Dept

California University Library
ATTN: Documents Sec

California University
ATTN: Government Documents Dept

Calvin College Library
ATTN: Librarian

Calvin T. Ryan Library
Kearney State College
ATTN: Govt Documents Dept

Carleton College Library
ATTN: Librarian

Carnegie Library of Pittsburgh
ATTN: Librarian

Carnegie Mellon University
ATTN: Director of Libraries



OTHER (Continued)

Carson Regional Library
ATTN: Gov Publications Unit

Case Western Reserve University
ATTN: Librarian

University of Central Florida
ATTN: Library Docs Oept

Central Michigan University
ATTN: Library Documents Section

Central Missouri State Univ
ATTN: Government Documents

Central State University
ATTN: Library Documents Dept

Central Washington University
ATTN: Library Docs Section

Central Wyoming College Library
ATTN: Librarian

Charleston County Library
ATTN: Librarian

Charlotte & Mechlenburg County Pub Lib
ATTN: E. Correll

Chattanooga Hamilton Co
ATTN: Librarian

Chesapeake Pub Lib System
ATTN: Librarian

Chicago Public Library
ATTN: Governments Publications Dept

State University of Chicago
ATTN: Librarian

Chicago University Library
ATTN: Oirector of Libraries
ATTN: Documents Processing

Cincinnati University Library
ATTN: Librarian

Claremont Colleges Libs
ATTN: Doc Collection

Clemson University
ATTN: Director of Libraries

Cleveland Public Library
ATTN: Documents Collection

Cleveland State Univ Lib
ATTN: Librarian

Coe Library
ATTN: Documents Division
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OTHER (Continued)

Colgate Univ Library
ATTN: Reference Library

Colorado State Univ Libs
ATTN: Librarian

Colorado University Libraries
ATTN: Director of Libraries

Columbia University Library
ATTN: Documents Service Center

Columbus & Franklin Cty Public Lib
ATTN: Gen Rec Div

Compton Library
ATTN: Librarian

Connecticut State Library
ATTN: Librarian

University of Connecticut
ATTN: Govt of Connecticut

Connecticut University
ATTN: Director of Libraries

Cornell University Lib
ATTN: Librarian

Corpus Christi State University Lib
ATTN: Librarian

Culver City Library
ATTN: Librarian

Curry College Library
ATTN: Librarian

Dallas County Public Library
ATTN: Librarian

Dallas Public Library
ATTN: Librarian

Dalton Jr College Library
ATTN: Librarian

Dartmouth College
ATTN: Librarian

Davenport Public Library
ATTN: Librarian

Davidson College
ATTN: Librarian

Dayton & Montgomery City Pub Lib
ATTN: Librarian

University of Dayton
ATTN: Librarian



OTHER (Continued

Decatur Public Library
ATTN: Librarian

Dekalb Comm Coll So Cpus
ATTN: Librarian

Delaware Pauw University
ATTN: Librarian

University of Delaware
ATTN: Librarian

Delta College Library
ATTN: Librarian

Delta State University
ATTN: Librarian

Denison Univ Library
ATTN: Librarian

Denver Public Library
ATTN: Documents Div

Dept of Lib & Archives
ATTN: Librarian

Detroit Public Library
ATTN: Librarian

Dickinson State College
ATTN: Librarian

Drake Memorial Learning Resource Ctr

ATTN: Librarian

Drake University
ATTN: Cowles Library

Drew University
ATTN: Librarian

Duke University
ATTN: Public Bocs Dept

Duluth Public Library
ATTN: Documents Section

Earlham College
ATTN: Librarian

East Carolina University
ATTN: Library Docs Dept

tast Central University
ATTN: Librarian

East Islip Public Library
ATTN: Librarian

East Orange Public Lib
ATTN: Librarian

East Tennessee State Univ Sherrod Lib

ATTN: Documents Dept

OTHER (Continued)

East Texas State University
ATTN: Library

Eastern Branch
ATTN: Librarian

Eastern I11inois University
ATTN: Librarian

Eastern Kentucky University
ATTN: Librarian

Eastern Michigan University Lib
ATTN: DBocuments Libn

Eastern Montana College Library
ATTN: Documents Dept

Eastern New Mexico Univ
ATTN: Librarian

Eastern Oregon College Library
ATTN: Librarian

Eastern Washington Univ
ATTN: Librarian

EYl Paso Public Library

ATTN: Documents & Geneology Dept

ETko County Library
ATTN: Librarian

Elmira College
ATTN: Librarian

Elon College Library
ATTN: Librarian

Enoch Pratt Free Library
ATTN: Documents Office

Emory University
ATTN: Librarian

Evansville & Vanderburgh County Pub Lib

ATTN: Librarian

Everett Public Library
ATTN: Librarian

Fairleigh Dickinson Univ
ATTN: Depository Dept

Florida A & M Univ
ATTN: Librarian

Florida Atlantic Univ Lib

ATTN: Div of Public Documents

Florida Institute of Tech Lib

ATTN: Federal Documents Dept

Florida Intl Univ Library
ATTN: Docs Section



OTHER (Continued)

Florida State Library
ATTN: Documents Section

Florida State University
ATTN: Librarian

Florida University Libraries
ATTN: Documents Dept

Fond Du Lac Public Lib
ATTN: Librarian

Fort Hays State University
ATTN: Librarian

Fort Worth Public Library
ATTN: Librarian

Free Pub Lib of Elizabeth
ATTN: Librarian

Free Public Library
ATTN: Librarian

Freeport Public Library
ATTN: Librarian

Fresno County Free Library
ATTN: Librarian

Gadsden Public Library
ATTN: Librarian

Garden Public Library
ATTN: Librarian

Gardner Webb College
ATTN: Documents Librn

Gary Public Library
ATIN: Librarian

Georgetown Univ Library
ATTN: Govt Docs Room

Georgia Inst of Tech
ATTN: Librarian

Georgia Southern College
ATTN: Librarian

Georgia Southwestern College
ATTN: Director of Libraries

Georgia State Univ Lib
ATTN: Librarian

University of Georgia
ATTN: Dir of Libraries

Glassboro State College
ATTN: Librarian

Gleeson Library
ATTN: Librarian
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QTHER (Continued)

Government Publications Library-M
ATTN: Director of Libraries

Graceland College
ATTN: Librarian

Grand Forks Public City-County Library
ATTN: Librarian

Grand Rapids Public Library
ATTN: Director of Libraries

Greenville County Library
ATTN: Librarian

Guam RFK Memorial University Lib
ATTN: Fed Depository Collection

University of Guam
ATTN: Librarian

Gustavus Adolphus College
ATTN: Library

Hardin-Simmons University Library
ATTN: Librarian

Hartford Public Library
ATTN: Librarian

Harvard College Library
ATTN: Director of Libraries

Harvard College Library
ATTN: Librarian

University of Hawaii
ATTN: Government Docs Collection

Hawaii State Library
ATTN: Federal Documents Unit

University of Hawaii at Monoa
ATTN: Director of Libraries

University of Hawaii
ATTN: Librarian

Haydon Burns Library
ATTN: Librarian

Henry Ford Comm College Lib
ATTN: Librarian

Herbert H. Lehman College
ATTN: Library Documents Division

Hofstra Univ Library
ATTN: Documents Dept

Hollins College
ATTN: Librarian

Hoover Institution
ATTN: J. Bingham



OTHER (Continued)

Hopkinsville Comm College
ATTN: Librarian

University of Houston, Library
ATTN: Documents Div

Houston Public Library
ATTN: Librarian

Hoyt Public Library
ATTN: Librarian

Humboldt State College Library
ATTN: Documents Dept

Huntington Park Library
ATTN: Librarian

Hutchinson Public Library
ATTN: Librarian

Idaho Public Lib & Info Center
ATTN: Librarian

Idaho State Library
ATTN: Librarian

Idaho State University Library
ATTN: Documents Dept

University of Idaho
ATTN: Documents Sect
ATTN: Dir of Libraries

University of Illinois, Library
ATTN: Documents Section

I11inois State Library
ATTN: Government Documents Branch

[11inois Univ at Urbana Champaign
ATTN: P. Watson, Documents Library

I11inois Valley Comm Coll
ATTN: Library

Indiana State Library
ATTN: Serial Section

Indiana State University
ATTN: Documents Libraries

Indiana University Library
ATTN: Documents Department

Indianapolis Marion Cty Pub Library
ATTN: Social Science Div

Towa State University Library
ATTN: Govt Documents Dept

Iowa University Library
ATTN: Government Documents Dept
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OTHER (Continued)

Butler University, Irwin Library
ATTN: Librarian

Isaac Delchdo College
ATTN: Librarian

James Madison University
ATTN: Librarian

Jefferson County Public Lib
ATTN: Librarian

Jersey City State College
ATTN: Librarian

Johns Hopkins University
ATTN: Documents Library

John J. Wright Library, La Roche College
ATTN: Librarian

Johnson Free Public Lib
ATTN: Librarian

Kahului Library
ATTN: Librarian

Kalamazoo Public Library
ATTN: Librarian

Kansas City Public Library
ATTN: Documents Div

Kansas State Library
ATTN: Librarian

Kansas State Univ Library
ATTN: Documents Dept

University of Kansas
ATTN: Director of Libraries

Kent State University Library
ATTN: Documents Div

Kentucky Dept of Library & Archives
ATTN: Documents Section

University of Kentucky
ATTN: Governments Publication Dept
ATTN: Director of Libraries

Kenyon College Library
ATTN: Librarian

Lake Forest College
ATTN: Librarian

Lake Sumter Comm Call Lib
ATTN: Librarian

Lakeland Public Library
ATTN: Librarian



OTHER (Continued)

Lancaster Regional Library
ATTN: Librarian

Lawrence University
ATTN: Documents Dept

Lee Library, Brigham Young University
ATTN: Documents & Map Section

Library & Statutory Distribution & Ssc
2 cy ATTN: Librarian

Little Rock Public Library
ATTN: Librarian

Long Beach Publ Library
ATTN: Librarian

Los Angeles Public Library
ATTN: Serials Div U.S. Documents

Louisiana State University
ATTN: Government Doc Dept
ATTN: Director of Libraries

Louisville Free Pub Lib
ATTN: Librarian

Louisville Univ Library
ATTN: Librarian

Lyndon B. Johnson Sch of Pub Affairs Lib
ATTN: Librarian

Maine Maritime Academy
ATTN: Librarian

Maine University at Oreno
ATTN: Librarian

University of Maine
ATTN: Librarian

Manchester City Library
ATTN: Librarian

Mankato State College
ATTN: Govt Publications

Mantor Library
Univ of Maine at Farmington
ATTN: Director of Libraries

Marathon County Public Library
ATTN: Librarian

Marshall Brooks Library
ATTN: Librarian

University of Maryland
ATTN: McKeldin Libr Docs Div

University of Maryland
ATTN: Librarian
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OTHER (Continued)

University of Massachusetts
ATTN: Government Docs College

McNeese State Univ
ATTN: Librarian

Memphis Shelby County Pub Lib & Info Ctr
ATTN: Librarian

Memphis State University
ATTN: Librarian

Mercer University
ATTN: Librarian

Mesa County Public Library
ATTN: Librarian

University of Miami, Library
ATTN: Government Publications

Miami Public Library
ATTN: Documents Division

Miami Univ Library
ATTN: Documents Dept

Michel Orradre Library
University of Santa Clara
ATTN: Documents Div

Michigan State Library
ATTN: Librarian

Michigan State University Library
ATTN: Librarian

Michigan Tech University
ATTN: Library Documents Dept

University of Michigan
ATTN: Acq Sec Documents Unit

Middlebury College Library
ATTN: Librarian

Millersville State Coll
ATTN: Librarian

Milne Library
State University of New York
ATTN: Docs Librn

Milwaukee Pub Lib
ATTN: Librarian

Minneapolis Public Lib
ATTN: Librarian

Minnesota Div of Emergency Svcs
ATTN: Librarian

Minot State College
ATTN: Librarian

Mississippi State University
ATTN: Librarian



OTHER (Continued)

£ Misclceinns
T FISSI55 PP

Director of Libraries

Missouri Univ at Kansas City Gen
ATTN: Librarian

Missouri University Library
ATTN: Government Documents

M.1.7. Libraries
ATTN: Librarian

Mobile Public Library

ATTN: Governmental Info Division

Moffett Library
ATTN: Librarian

Montana State Library
ATTN: Librarian

Montana State University, Library
ATTN: Librarian

University of Montana
ATTN: Documents Div

Moorhead State College
ATTN: Library

Mt Prospect Public Lib
ATTN: Librarian

Murray State Univ Lib
ATTN: Library

Nassau Library System
ATTN: Librarian

Natrona County Public Library
ATTN: Librarian

Nebraska Library Comm
ATTN: Librarian

Univ of Nebraska at Omaha
ATTN: Librarian

Nebraska Western College Library
ATTN: Librarian

Nebraska University Lib
ATTN: Acquisitions Dept

Univ of Nevada at Reno
ATTN: Governments Pub Dept

Univ of Nevada at Las Vegas
ATTN: Director of Libraries

New Hampshire University Lib
ATTN: Librarian

New Hanover County Public Library
ATTN: Librarian

Nebraska University
ATTN: Director of Libraries
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OTHER (Continued)

New Mexico State Library
ATTN: Librarian

New Mexico State University
ATTN: Lib Documents Div

University of New Mexico
ATTN: Director of Libraries

University of New Orleans Library
ATTN: Govt Documents Div

New Orleans Public Lib
ATTN: Library

New York Public Library
ATTN: Librarian

New York State Library
ATTN: Doc Control, Cultural Ed Ctr

New York State Univ at Stony Brook
ATTN: Main Lib Doc Sect

New York State Univ Col at Cortland
ATTN: Librarian

State Univ of New York
ATTN: Library Documents Sec

State Univ of New York
ATTN: Librarian

New York State University
ATTN: Documents Center

State University of New York
ATTN: Documents Dept

New York University Library
ATTN: Documents Dept

Newark Free Library
ATTN: Librarian

Newark Public Library
ATTN: Librarian

Niagara Falls Pub Lib
ATTN: Librarian

Nicholls State Univ Library
ATTN: Docs Div

Nieves M. Flores Memorial Lib
ATTN: Librarian

Norfolk Public Library
ATTN: R. Parker

North Carolina Agri & Tech State Univ
ATTN: Librarian

Univ of North Carolina at Charlotte
ATTN: Atkins Library Documents Dept

Univ of North Carolina at Greensboro, Library
ATTN: Librarian



OTHER (Continued)

North Carolina Central University
ATTN: Librarian

North Carolina State University
ATTN: Librarian

North Carolina University at Wilmincton
ATTN: Librarian

Universi

v

of North Carolina

yyyyyyy La

sity
ATTﬁ: BA SS Division Documents

North Dakota State University Lib
ATTN: Docs Librarian

University of North Dakota
ATTN: Librarian

North Georgia College
ATTN: Librarian

North Texas State University Library
ATTN: Librarian

Northeast Missouri State University
ATTN: Librarian

Northeastern I11inois University
ATTN: Library

Northeastern Oklahoma State Univ
ATTN: Librarian

Northeastern University
ATTN: Dodge Library

Northern Arizona University Lib
ATTN: Government Documents Dept

Northern I11inois University
ATTN: Librarian

Northern lowa University
ATTN: Library

Northern Michigan Univ
ATTN: Documents

Northern Montana College Library
ATTN: Librarian

Northwestern Michigan College
ATTN: Librarian

Northwestern State Univ
ATTN: Librarian

Northwestern State Univ Library
ATTN: Librarian

Northwestern University Library
ATTN: Govt Publications Dept

Norwalk Public Library
ATTN: Librarian
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OTHER (Continued)

University of Notre Dame
ATTN: Document Center

Oakland Comm College
ATTN: Librarian

Oakland Public Library
ATTN: Librarian

Oberlin College
ATTN: Li

i
Y

bra

rary

h
orary
rian

Ocean County College
ATTN: Librarian

Ohio State Library
ATTN: Librarian

Ohio State University

ATTN: Libraries Documents Division

Ohio University Library
ATTN: Docs Dept

Oklahoma City University Library
ATTN: Librarian

Oklahoma City University Library
ATTN: Librarian

Oklahoma Dept of Libraries
ATTN: U.S. Govt Documents

University of Oklahoma
ATTN: Documents Div

01d Dominion University
ATTN: Doc Dept Univ Library

Olivet College Library
ATTN: Librarian

Omaha Pub Lib Clark Branch
ATTN: Librarian

Oregon State Library
ATTN: Librarian

University of Oregon
ATTN: Documents Section

Quachita Baptist University
ATTN: Librarian

Pan American University Library
ATTN: Librarian

Passaic Public Library
ATTN: Librarian

Paul Klapper Library
ATTN: Documents Dept

Pennsylvania State Library

ATTN: Government Publications Section



OTHER (Continued

Pennsylvania State University
ATTN: Library Document Sec

University of Pennsylvania
ATTN: Director of Libraries

Penrose Library
University of Denver
ATTN: Penrose Library

Peoria Public Library
ATTN: Business, Science & Tech Dept

Free Library of Philadelphia
ATTN: Govt Publications Dept

Philipsburg Free Public Library
ATTN: Library

Phoenix Public Library
ATTN: Librarian

University of Pittsburg
ATTN: Documents Office G 8

Plainfield Public Library
ATTN: Librarian

Popular Creek Public Lib District
ATTN: Librarian

Association of Portland Lib
ATTN: Librarian

Portland Public Library
ATTN: Librarian

Portland State University Library
ATTN: Librarian

Prescott Memorial Lib
Louisiana Tech Univ
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