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SUMMARY

Seven Department of Defense (DOD)-sponsored underground test
events were conducted from 5 March 1966 to 26 June 1967 to study

weapons effects. Three were shaft-type and four were tunnel-type

nuclear tests. The following table summarizes data on these

events:

OPERATION FLINTLOCK LATCHKEY
pe
s | £ |5¢ I £l ¢
TEST EVENT £
g & [€ |8 ¢ |9
DATE & MAR 66 | 25 APR 0o zrm\vo+ 2U0UN 66 | 15 JUN @6 | 13 DEC 86| 26 JUN 87
LOCAL TIME (hours) tois psT | nas por [ 1300 PoT | oe30 POT| 1000 POT| 1300 PST | 000 POT
NTS LOCATION AREA 12 | ArEan | AnEa s | AREA 18 | AREA IS | AREA N | AREA 12
TYPE TUNNEL SHAFT SHAFY TUNNEL TUNNEL | SHAFT TUNNEL
DEPTH (feet) 1,330 870 \,108 188 1,078 828 1,230
YIELD (kilotons) Lowk Lowk 22 02 Low® tow® | ow*

*
INDICATES LESS THAN 22 KILOTONS



Releases of radioactivity to the atmosphere were detected
both onsite and offsite after RED HOT (tunnel-type), PIN STRIPE
(shaft-type), DOUBLE PLAY (tunnel-type), and MIDI MIST (tunnel-
type). Releases of radioactivity were detected only within the
confines of the Nevada Test Site (NTS) after the PILE DRIVER
(tunnel-type) event. No release of radiocactivity was detected
onsite or offsite after the DISCUS THROWER (shaft-type) and NEW
POINT (shaft-type) test events.

As recorded on Area Access Registers, 15,443 individual en-
tries to radiation exclusion areas were made after the above DOD
test events. Of this number 1,259 were by DOD-affiliated person-
nel (including military personnel, DOD civil servants, and DOD
contractor personnel). The remainder were United States Atomic
Energy Commission (AEC), other government agency, and contractor
personnel.

The average gamma radiation exposure per entry for all per-
sonnel was 33 mR. The average gamma radiation exposure per entry
for DOD-affiliated personnel was 83 mR. The maximum exposure of a
non-DOD individual during an entry was 1,955 mR. The maximum ex-
posure of a DOD-affiliated individual was 1,855 mR. These expo-
sures occurred on 15 December 1966 during reentry and recovery
operations after the NEW POINT event.



PREFACE

The United States Government conducted 194 nuclear device
tests from 1945 through 1958 during atmospheric test series at
sites in the United States and in the Atlantic and Pacific
Oceans. The United States Army Manhattan Engineer District im-
plemented the testing program in 1945, and its successor agency,
the AEC, administered the program from 1947 until testing was
suspended by the United States on 1 November 1958,

Of the 194 nuclear device tests conducted, 161 were for
weapons development or effects purposes, and 33 were safety ex-
periments. An additional 22 nuclear experiments were conducted
from December 1954 to February 1956 in Nevada. These experiments
were physics studies using small quantities of fissionable mate-
rial and. conventional explosives.

President Eisenhower had proposed that test ban negotjiations
begin on 31 October 1958, and had pledged a one-year moratorium
on United States testing to commence after the negotiations
began. The Conference on Discontinuance of Nuclear Weapons Tests
began at Geneva on 31 October 1958; the U.S. moratorium began on
1 November, and the AEC detected the final Soviet nuclear test of
their fall series on 3 November 1958. Negotiations continued un-
til May 1960 without final agreement. No nuclear tests were con-
ducted by either nation until 1 September 1961 when the Soviet
Union resumed nuclear testing in the atmosphere. The United
States began a series of underground tests in Nevada on 15
September 1961, and U.S. atmospheric tests were resumed on 25
April 1962 in the Pacific.

The United States conducted several atmospheric tests in



Nevada during July 1962, and the last United States atmospheric
nuclear test was in the Pacific on 4 November 1962. The Limited
Test Ban Treaty, which prohibited tests in the atmosphere, in
outer space, and underwater was signed in Moscow on 5 August
1963. From resumption of United States atmospheric testing on 25
April 1962 until the last atmospheric test on 4 November 1962, 40
weapons development and weapons effects tests were conducted as
part of the Pacific and Nevada atmospheric test operations. The
underground tests, resumed on 15 September 1961, have continued

on a year-round basis through the present time.

In 1977, 15 years after atmospheric testing stopped, the
Center for Disease Control (CDC)* noted a possible leukemia
cluster within the group of soldiers who were present at the
SMOKY test event, one of the Nevada tests in the 1957 PLUMBBOB
test series. After that CDC report, the Veterans Administration
(VA) received a number of claims for medical benefits filed by
former military personnel who believed their health may have been
affected by their participation in the nuclear weapons testing

program.

In late 1977, the DOD began a study to provide data for both
the CDC and the VA on radiation exposures of DOD military and
civilian participants in atmospheric testing. That study has
progressed to the point where a number of volumes describing DOD
participation in atmospheric tests have been published by the
Defense Nuclear Agency (DNA) as the executive agency for the DOD.

On 20 June 1979, the United States Senate Committee on
Veterans' Affairs began hearings on Veterans' Claims for Dis-

*The Center for Disease Control was part of the U.S. Department
of Health, Education, and Welfare (now the U.S. Department of
Health and Human Services). It was renamed The Centers for Dis-
ease Control on 1 October 1980.



abilities from Nuclear Weapons Testing. In addition to request-
ing and receiving infermation on DOD personnel participation and
radiation exposures during atmospheric testing, the Chairman of
the Senate Committee expressed concern regarding exposures of DOD
participants in DOD-sponsored and Department of Energy (DOE)*
underground test events.

The Chairman requested and received information in an
exchange of letters through 15 October 1979 regarding research on
underground testing radiation exposures. In early 1980, the DNA
initiated a program to acquire and consolidate underground test-
ing radiation exposure data in a set of published volumes similar
to the program underway on atmospheric testing data. This volume
is the second of several volumes regarding the participation and
radiation exposures of DOD military and civilian personnel in un-

derground nuclear test events.

SERIES OF VOLUMES

Each volume of this series will discuss DOD-sponsored under-
ground test events, in chronological order, after presenting in-
troductory and general information. The volumes will cover all
underground test events identified as DOD-sponsored in Announced
United States Nuclear Tests, published each year by the DOE
Nevada Operations Office, Office of Public Affairs, except events
conducted as nuclear test detection experiments where reentries

and, subsequently, exposure of participants to radiation did not
occur.

*The U.S. Department of Energy succeeded the U.S. Energy Research
and Development Administration (ERDA) in October 1977. ERDA had
succeeded the U.S. Atomic Energy Commission on 19 January 1975.



An additional volume will discuss general participation of
DOD personnel in DOE-sponsored underground test events, with
specific information on those events which released radioactive
effluent to the atmosphere and where exposures of DOD personnel

were involved.

A separate volume will be a census of DOD personnel and
their radiation exposure data. Distribution of this volume will
necessarily be limited by provisions of the Privacy Act.

METHODS AND SOURCES USED TO PREPARE THE VOLUMES

Information for these volumes was obtained from several
locations. Security-classified documents were researched at
Headquarters, DNA, Washington, DC. Additional documents were
researched at Field Command, DNA, the Air Force Weapons Labora-
tory Technical Library, and Sandia National Laboratories in
Albuquerque, New Mexico. Most of the radiation measurement data
were obtained at the DOE, Nevada Operations Office (DOE/NV), and
its support contractor, the Reynolds Electrical & Engineering
Company, Inc. (REECo), in Las Vegas, Nevada.

Unclassified records were used to document underground test-
ing activities when possible, but, when necessary, unclassified
information was extracted from security-classified documents.
Both unclassified and classified documents are cited in the List
of References at the end of each volume. Locations of the refer-
ence documents also are shown. Copies of most of the unclassi-
fied references have been entered in the records of the Coordina-
tion and Information Center (CIC), a DOE facility located in Las

Vegas, Nevada.

Radiation measurements, exposure data, event data, and off-
site reports generally are maintained as hard copy or microfilm



at the REECo facilities adjacent to the CIC, or as original hard
copy at the Federal Archives and Records Center, Laguna Niguel,
California. A master file of all available personnel exposure
data for nuclear testing programs on the continent and in the
Pacific from 1945 to the present also is maintained by REECo for
DOD and DOE.

ORGANIZATION OF THIS VOLUME

A Summary of this test event volume appears before this
Preface and includes general objectives of the test events,
characteristics of each test event, and data regarding DOD
participants and their radiation exposures.

An Introduction following this Preface discusses reasons for
conducting nuclear test events underground, the testing organiza-
tion, the NTS, and locations of NTS underground testing areas.

A chapter entitled Underground Testing Procedures explains
the basic mechanics of underground testing, purposes of effects
experiments, containment features and early containment problems,
tunnel and shaft area access requirements, industrial séfety and
radiological safety procedures, telemetered radiation exposure
rate measurements, and air support for underground tests.

A chapter on each test event covered by the volume follows
in chronological order. Each test event chapter contains an
event summary, a discussion of preparations and event operations,
an explanation of safety procedures implemented, and listings of
monitoring, sampling, and exposure results.

Following the event chapters are a Reference List and appen-
dices to the text including a Glossary of Terms and a list of Ab-
breviations and Acronyms.
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CHAPTER 1

INTRODUCTION

The first United States nuclear detonation designed to be
fully contained underground was the RAINIER tunnel event con-
ducted in Nevada on 19 September 1957. This was a weapons related
experiment with a relatively low yield of 1.7 kilotons (kt). The
second tunnel event was a safety experiment on 22 February 1958
also conducted in Nevada. This experiment, the VENUS event, re-
sulted in a yield less than one ton. These two tests were the
beginning of a United States underground program that is current-
ly the only method of testing permitted by treaty.

1.1 HISTORICAL BACKGROUND

While technical conferences between the United States and
the Soviet Union on banning nuclear detonation tests continued,
and concern regarding further increases in worldwide fallout
mounted, a number of nuclear tests were conducted underground
during 1958 in Nevada. Prior to the United States testing mora-
torium, six safety experiments in shafts, five safety experiments
in tunnels, and four weapons development tests in tunnels were
conducted.

However, radioactive products from several of these tests
were not completely contained underground. Containment of nuc-
lear detonations was a new engineering challenge. Fully under-
standing and solving containment problems would require years of

underground testing experience.

When the United States resumed testing 15 September 1961, 32
of the first 33 test events were underground and the other was a
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cratering experiment with the device emplaced 110 feet below the
surface. The DOMINIC I test series in the Pacific and the DOMINIC
II test series in Nevada during 1962 were the last atmospheric
nuclear detonation tests by the United States.

The commitment of the United States to reduce levels of
worldwide fallout by refraining from conducting nuclear tests in
the atmosphere, in outer space, and underwater was finalized when
the Limited Test Ban Treaty with the Soviet Union was signed on
5 August 1963.

1,2 UNDERGROUND TESTING OBJECTIVES

The majority of United States underground tests have been
for weapons development purposes., New designs were tested to
improve efficiency and deliverability characteristics of nuclear
explosive devices before they entered the military stockpile as
components of nuclear weapons.

Safety experiments with nuclear devices were conducted in
addition to weapons development tests. These experiments tested
nuclear devices by simulating detonation of the conventional high
explosives in a manner which might occur in an accident during
transportation or storage of weapons.

Weapons effects tests utilized device types equivalent to
weapons, or actually to be used in weapons, to determine the
effects of weapon detonations on structures, materials, and
equipment. The devices generally were provided by one of the
weapons development laboratories. However, the DOD sponsored
weapons effects tests, and such tests usually involved greater
numbers of participants and were more complex than the other
categories of tests previously mentioned.
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Ef fects of chock waves on rock formations, huildings, other
structures, materials, and equipment have been tested. Effects
of other detonation characteristics such as heat and radiation
have been studied in the same manner. The most complex weapons
effects tests have been those simulating high altitude detona-
tions by using very large evacuated pipes hundreds of feet in
length and containing experiments.

1.3 TEST EVENTS IN THIS VOLUME

Weapons effects tests conducted from 5 March 1966 to 26 June
1967 during Opevration FLINTLOCK and Operation LATCHKEY are dis-
cussed in this volume. Test events and objectives are listed

below.
1. RED HOT, 5 March 1966, to study ground shock.

2. PIN STRIPE, 25 April 1966, to study the effects of a
nuclear detonation environment on equipment and mate-

rials.

3. DISCUS THROWER, 27 May 1966, to study ground shock
transmission and characteristics in a specific type of
geologic structure.

4, PILE DRIVER, 2 June 1966, to study nuclear detonation
effects on underground structures.

5. DOUBLE PLAY, 15 June 1966, to investigate the effects of
a nuclear detonation environment on equipment and mate-

rials.

6. NEW POINT, 13 December 1966, to determine the effects of
a nuclear detonation environment on equipment and mate-

rials.
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7. MIDI MIST, 26 June 1967, to investigate the effects of a
nuclear detonation environment on equipment and mate-
rials.

1.4 DOD TESTING ORGANIZATION AND RESPONSIBILITIES

Administering the underground nuclear testing program at NTS
was a joint AEC-DOD responsibility. The parallel nature of the
AEC-DOD organizational structure is shown in Figure 1l.1.

1.4.1 Responsibilities of the Defense Atomic Support Agency

The Armed Forces Special Weapons Project (AFSWP) was acti-
vated on 1 January 1947 (when the Atomic Energy Commission was
activated) to assume residual functions of the Manhattan Engineer
District. The DOD nuclear weapons testing organization was with-
in AFSWP until 1959 when AFSWP became the Defense Atomic Support
Agency (DASA)*. The responsibilities of Headquarters, DASA, in
Washington DC, inc¢luded providing consolidated management and
direction for the DOD nuclear weapons effects and nuclear weapons
testing program. The technical direction and coordination of DOD
nuclear weapons testing activities was delegated to Field Com-
mand, DASA (FCDASA) until 1 August 1966 and then to Test Command,
DASA (TCDASA), headquarterad in Albuquerque, New Mexico.

The responsibilities of FCDASA and TCDASA in 1966 and 1967
regarding DOD nuclear weapons testing activities were:

1. exercising technical direction of nuclear weapons ef-
fects tests of primary concern to the Armed Forces, and
weapons effects phases of developmental or other tests
of nuclear weapons involving detonations within the con-
tinental United States and overseas;

*DASA became the Defense Nuclear Agency (DNA) on 1 July 1971,
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2. coordinating and supporting all DOD activities and as-
sisting in the support of the AEC in the conduct of
joint tests involving nuclear detonations within the
continental United States:

3. completing detailed plans, preparing for and conducting
technical programs, and assisting in the preparation of
technical and operational reports on tests; and

4, coordinating military operational training, and the DOD
aspects of official visitor and public information pro-
grams., (The official visitor and public information
programs were integrated with the AEC organization dur-
ing joint AEC-DOD continental tests).

These missions were accomplished for DOD undergrouﬁd nuclear
tests through the Test Command Weapons Effects and Tests Group
(TCWT), its predecessor, FCWT, and its Continental Test Organiza-
tion (CTO).

The FCWT (and later TCWT) testing organization included Task
Unit 8.1.3 for Pacific operations; administrative operations at
Sandia Base in Albuguerque, New Mexico; and operations at the
Nevada Test Site. The CTO conducted DOD underground nuclear tests
in conjunction with the AEC weapons development laboratory test
groups.

1l.4.2 Nevada Test Site Organization

In the joint AEC-DOD testing program, FCWT (later TCWT) and
CTO were a part of the Nevada Test Site Organization (NTSO) as
shown in Figure 1.2. The Military Deputy to the Test Manager was
the Deputy Chief of Staff, TCWT, and TCWT personnel provided DOD

coordination and support.
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The CTO was a Test Group along with the lL.os Alamos Scienti-
fic Laboratory (LASL), the Lawrence Radiation Laboratory (LRL),
Sandia Corporation (SC), and the Civil Effects Test Organization
(CETO). The CTO is shown in Figure 1.3. In addition to his posi-
tion as Military Deputy to the Test Manager, the Deputy Chief of
Staff, TCWT, was also the CTO Test Group Director.

The Programs Division was responsible for scientific pro-
grams conducted by the CTO. Engineering and construction of test
facilities and experiment installations were administered by the
Support Division. The Operations Division was responsible for
preparing technical and operations plans, and coordinating air
support operations with the Air Force Special Weapons Center
(AFSWC), the Tactical Air Command, and the AEC.

1.4.3 Air Force Special Weapons Center Support

The commander of AFSWC was requested by TCDASA to provide
air support to the NTSO during nuclear tests at NTS. Direct sup-
port was provided by the Nuclear Test Directorate, the Special
Projects Division, and the 4900th Air Base Group of AFSWC. The
4900th Air Base Group provided C-47 aircraft for shuttle service
between Kirtland AFB, New Mexico, and Indian Springs AFB (ISAFB).
The 4900th also provided U-3A aircraft and crews to perform low-
altitude cloud tracking, and C-47 aircraft and crews for radio
relay and courier missions.

Other Air Force organizations providing support to the NTSO
under AFSWC control on a temporary basis were as follows:

l. Elements of the 1211th Test Squadron (Sampling), Mili-
tary Air Transport Service, McClellan AFB, were detached
to ISAFB. Their primary task was cloud sampling. This
included maintaining the B-57 sampling aircraft, con-
ducting cloud sampling, removing the sample filters, and
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packaging and loading the samples onto courier aircraft.
Personnel from this unit also assisted NTSO radiological
safety personnel in providing support at ISAFB, includ-
ing decontamination of aircraft, crews, and equipment.

2, Elements of the 4520th Combat Crew Training Wing, Tacti-
cal Air Command, Nellis AFB, provided support functions,
such as housing, food, and logistics, to the units oper-
ating from ISAFB and Nellis AFB. In addition, they con-
ducted security sweep flights over NTS, and control tow-
er operations, fire-fighting, and crash rescue services
at ISAFB. They also maintained and provided equipment
for the helicopter pad at the NTS Control Point and
other helicopter pads at Forward Control Points.

3. The 55th Weather Reconnaissance Squadron, Military Air
Transport Service, McClellan AFB, supplied one aircraft
and a crew to perform high-altitude cloud tracking.

4., The Aeronautical Systems Division, Air Force Systems
Command, Wright-Patterson AFB, provided aircraft and
crews to perform technical projects.

Complete Air Force support as described in this section was
available for the DOD cratering event, DANNY BOY, discussed in
Chapter 4 of the first volume of this series and during the last
atmospheric nuclear weapons tests at NTS in July 1962. As the
DOD underground testing program continued, and the probability of
venting radioactive effluent to the atmosphere decreased, less
cloud sampling and tracking support was required. However, air
support for security sweeps of areas surrounding test locations
and for photography missions during events was a continuing
reguirement.
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1.5 RELATIONSHIP OF THE DOD, THE AEC, AND CONTRACTOR ORGANIZA-
TIONS

The DOD was responsible for establishing nuclear weapons
criteria, developing and producing delivery vehicles, obtaining
military effects data, and defense against nuclear attack.

The AEC was responsible for development, production, and
supply of nuclear weapons to the Armed Forces in quantities and
types specified by the Joint Chiefs of Staff (JCS). The AEC, in
association with the DOD, also was responsible for providing
field nuclear test facilities in the continental United States

and overseas.

1.5.1 Weapons Test Division (STWT, DASA) and the Nevada Opera-
tions OCfice (AEC/NVOO)

The principal points of field coordination between the AEC
and the DOD were at Las Vegas and the Nevada Test Site. The
STWT, DASA, represented the Director, DASA, and DOD; and the
AEC/NVOO represented the AEC in the field for continental tests.
Each of th2se organizations' primary interest was field testing
of nuclear weapons. Daily close liaison was maintained between
the STWT, DASA, and the AEC/NVOO during planning phases for field
test programs of primary interest to the DOD.

During test operations, military and AEC personnel were
comhined into a single test organization. Normally, the senior
member of the combined test organization was the Manager, NVOO.
His deputy was the Director, Weapons Test Division, DASA. Other
personnel in this joint test organization were selected from
those available on a best-qualified bhasis. 1In accomplishing
this, personnel were drawn not only from STWT and NVOO but from
other agencies of DASA, the Armed Forces, military laboratories,
military contractors, universities, civilian laboratories, AEC
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laboratories, AEC contractors, other government agencies, and
from other sources when special qualifications or knowledge were

required.

The Nevada Test Site was an AEC installation. The Manager,
NVOO, was responsible for operation of this installation. The
DOD and the AEC laboratories were the principal users of the Test
Site. The Weapons Test Division, DASA, was the single military
agency and point of contact for the Manager, NVOO, for all nmat-
ters pertaining to DOD field test programs, and supported all DOD
agencies operating at the Test Site.

To accomplish these two major responsibilities, STWT, DASA,
had an office, the Nevada Operations Branch (NOB), in the AEC
Building in Las Vegas. The Nevada Operations Branch, STWT, DASA,
maintained daily liaison with NVOO at the top management level on
all DOD matters pertaining to field operations and had under its
control the Nevada Test Site Section to support DOD agencies at
the site. For DOD agencies, the office also provided a point of
contact to assist in matters of interest with NVOO and to provide
transportation and quarters in lLas Vegas. All DOD personnel and
DOD contractor personnel connected with nuclear field tests were
under administrative control of this office while in Las Vegas
and at the Nevada Test Site.

The Nevada Test Site Section coordinated activities and sup-
vorted DON agencies operating at the Test Site. This section was
located at the DOD Compound in Mercury (see section 1.5) and pro-
vided office and laboratory space, transportation, test equip-
ment, and logistical and administrative support.

1.5.2 Test Organizations

Before 1957, the Test Director for each series had been a

representative of the Los Alamos Scientific Laboratory. For the
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1957 PLUMBBOB series, a staff member of the Lawrence Radiation
Laboratory was appointed to the position, reflecting the growing
participation by Lawrence Radiation Laboratory 1in test opera-
tions. After 1961, the Test Divector for events of primary in-
terest to the DOD was an officer from one of the Services. The
Test Director was responsible for overall coordination and scien-
tific support for the entire scientitic test program; for plan-
ning and coordination; and for positioning, arming, and detonat-
ing test devices. Generally, the AEC weapons laboratories pro-
vided the nuclear devices for DOD test events.

Other officials of the joint test organization were respon-
sible for various functions, such as lagistical support, weather
prediction, fallout prediction, blast prediction, air support,
public information, radiological safety, industrial safety, and
fire protection.

LOS ALAMOS SCIENTIFIC LABORATORY was established early in
1943 at Los Alamos, New Mexico, for the specific purpose of de-
veloping an atomic bomb. Los Alamos scientists supervised the
test detonation of the world's first atomic weapon in July 1945
at the TRINITY site in New Mexico. The Laboratory's continuing
assignment was to conceive, design, test, and develop nuclear
components of atomic weapons. The Laboratory was operated by the

University of California.

LAWRENCE RADIATION LABORATORY was established as a second
AEC weapons laboratory at Livermore, California, in 1952, The
Laboratory's responsibilities were essentially parallel to those
of the Los Alamos Scientific Laboratory. Devices developed by LRL
were first tested in Nevada in 1953, and they have been tested in
each continental and Pacific series since. The contract under
which the LRL performed work for the AEC was administered by the
Commission's San Francisco Operations Office. This Laboratory
also was operated by the University of California.
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SANDTA LABORATORY (later Sandia Laboratories) at Sandia
Base, Albuquerque, New Mexico, was the AEC's other weapons lab-
oratory. It was established in 1946 as a branch of the Los
Alamos Scientific Laboratory, but in 1949 it assumed its identity
as a full-fledged weapons rescarch institution operated by the

Sandia Corporation, a non-profit subsidiary of Western Electric.
Sandia Laboratory's role was to conceive, design, test, and
develop the non-nuclear .thases of atomic weapons and to do other
work in related fields. 1In 1956, a Livermore Branch of the Lab-
oratory was established to provide closer support to development-
al work of the LRL. Sandia Corporation also operated hallistic
test facilities for the AEC at the Tonopah Ballistics Range near
Tonopah, Nevada.

DEFENSE ATOMIC SUPPORT AGENCY was located in Washington,
D.C. and was composed of personnel of the Armed Services and

civilian DOD employees. It was activated on 6 May 1959 to
assume certain residual functions of the Manhattan Engineer
District and to assure continuity of technical military interest
in nuclear weapons. The broad mission of DASA was planning spec-
ified technical services to the Army, Navy, Air Force, and Marine
Corps in the military application of nuclear energy. Among the
services performed were maintaining liaison with the AEC labora-
tories in the development of nuclear weapons, planning and super-
vising the conduct of weapons effects tests and other field exer-
cises, providing nuclear weapons training to military personnel,
and storing and maintaining nuclear weapons. Early in the pro-
gram for testing nuclear devices and weapons, DASA was charged
with the responsibility for planning and integrating with the AEC
for military participation in full scale tests. After the Nevada
Test Site was activated, this planning responsibility was broad-
ened to include conducting experimental programs of primary con-
cern to the Armed Forces and coordinating other phases of mili-
tary participation including assistance to the AEC. The Direc-
tor, DASA, was responsible to the Joint Chiefs of Staff and the

Secretary of Defense,
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Weapons Test Division (STWT) at Sandia Base, New Mexico,
carried out the weapon field testing responsibilities and seismic
research responsibilities (VELA-UNIFORM) for the Director, DASA.
This organization maintained close liaison with the AEC Nevada
Operations Office. Personnel from the STWT became the military
members of the Joint AEC-DOD test organization at the Nevada Test
Site and other continental United States test areas. All partic-
ipation of DOD agencies and their contractors in nuclear field
tests was coordinated and supported by STWT.

Nevada Operations Branch (NOB) located in Las Vegas, Nevada,
maintained daily liaison with the AEC/NVOO, and supervised the
STWT Test Site Section at the Nevada Test Site. In addition to
the continental test responsibilities, STWT provided key person-
nel for the military scientific test unit, and managed the tech-
nical and scientific programs for DOD agencies and contractors

during overseas tests.
1.5.3 Support Contractors

In keeping with its policy, the Atomic Energy Commission
utilized private contractors for maintenance, operation, and
construction (including military and civil defense construction)
at the Nevada Test Site. Personnel of the Nevada Operations
Office administered all housekeeping, construction, and related
services activity, but performance was by contractors. The major
contractors were the following:

Reynolds Electrical & Engineering Company (REECo) was the
principal AEC operational and support contractor for the NTS,
performing community operations, housing, feeding, maintenance,

construction, and scientific structures support services. REECo
maintained offices in Las Vegas and extensive facilities at the
NTS,
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Edgerton, Germeshausen & Grier, Inc., (EG&G) of Boston,
Massachusetts, was the principal technical contractor, providing
control point functions such as timing and firing, and diagnostic
functions such as scientific photography and measurement of deto-
nation characteristics. EG&G facilities were maintained in Las
Vegas and at the NTS.

Holmes & Narver, Inc., (H&N) performed architect-engineer
services for the NTS and was th2 principal support contractor for
the Commission's off-continent operations. H&N had a home office
in Los Angeles, and also maintained offices in Las Vegas and at
the NTS.

Fenix & Scisson (F&S) of Tulsa, Oklahoma, was the consultant
for NTS drilling activities.,

Numerous other contractors, selected on the basis of lump-
sum competitive bids, performed various construction and other
support functions for the AEC and the DOD.

1.6 THE NEVADA TEST SITE

An on-continent location was selected for conducting nuclear
weapons tests, construction began at the Nevada Proving Ground
(NPG) in December 1950, and testing began in January 1951. This
testing area was renamed the Nevada Test Site in 1955.

The original NPG boundaries were expanded as new projects
and testing areas were added. Figure 1.4 shows the present NTS
location bounded on three sides by the Nellis Air Force Range.
The area of NTS is about 1,350 square miles. The testing loca-
tion was selected for both safety and security reasons. The arid
climate, lack of industrialization, and exclusion of the public
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from the Nellis Air Force Range have combined to result in a very
low population density in the area around the NTS.

The only paved roads within the NTS and the Air Force Range
complex were those constructed by the government for access pur-
poses. The NTS testing areas were physically protected by sur-
rounding rugged topography. The few mountain passes and dry
washes where four-wheel-drive vehicles might enter were posted
with warning signs and barricades. NTS security force personnel
patrolled perimeter and barricade areas in aircraft and vehicles.
Thus, unauthorized entry to NTS was difficult, and the possibil-
ity of a member of the public inadvertently entering an NTS test-
ing area was extremely remote.

Figure 1.5 shows the NTS, its various area designations, and
the locations of the seven test events covered by this volume.
Generally, the "U" means an underground location, the number the
area, and the "a" the first test location in an area. In addi-
tion, for underground tunnels, the "a.03" indicates the third
drift in a tunnel complex as Ul6a.03 in Figure 1.5. A low moun-
tain range separates the base camp, Mercury, from the location of
early DOD atmospheric weapons effects tests on Frenchman Flat in
Area 5, A few shaft-type underground tests also were conducted in
this area. The elevation of Frenchman Dry Lake in the middle of
the Flat is about 3,100 feet.

A mountain pass separates Frenchman Flat from Yucca Flat
testing areas. The pass overlooks both Frenchman and Yucca Flats
and contains the control point complex of buildings including
Control Point Building 1 (CP-1) where timing and firing for most
atmospheric tests was performed, and Control Point Building 2
(CP-2) where radiological safety support was based.

Yucca Flat testing areas include Areas 1, 2, 3, 4, 7, 8, 9,
and 10. Underground tests were conducted in some of these areas
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and generally were shaft emplacement types. The elevation of
Yucca Dry Lake at the south end of Yucca Flat is about 4,300
feet. To the west of Yucca Flat, in another basin, is the Area
18 testing location. Some DOD atmospheric tests were conducted
in Area 18, and one DOD cratering event, DANNY BOY, was conducted
on Buckboard Mesa in this area at an elevation of about 5,500
feet. Area 16 is in the mountains west of Yucca Flat toward Area
18. The single Area 16 tunnel complex at an elevation of about
5,400 feet was a DOD underground testing location.

Rainier Mesa is in Area 12 northwest of Yucca Flat, and the
top of the Mesa is at an elevation of about 7,500 feet. All fun-
nel-emplacement type events on NTS that were not in the Area 16
tunnel complex or the Area 15 shaft and tunnel complex were in
Rainier Mesa. The major Rainier Mesa tunnel complexes were B, E,
G, N, and T tunnels.

Area 15 is in the foothills at the north end of Yucca Flat.
An access shaft drops nearly 1,500 feet below the surface eleva-
tion of 5,100 feet. Three DOD events were conducted in Area 15.
The first two events were discussed in the first volume of this
series., The third event utilized the access shaft for the first
event which was deepened to about 1,400 feet for this event, as
described in this volume.

38



CHAPTER 2

UNDERGROUND TESTING PROCEDURES

Underground tests conducted at NTS prior to 15 February 1962
primarily were for weapons development or safety experiment pur-
poses. The experience gained contributed substantially to the DOD
weapons effects testing program to be conducted underground. How;
ever, these later DOD underground tests generally were of greater
complexity than previous underground tests. Also, a number of
technical problems remained to be solved.

Obtaining satisfactory test data was an important objective,
but equally important was the objective of assuring safety of
test participants and the public. This chapter discusses under-
ground testing methods, problems encountered, and safety proce-
dures used during DOD underground weapons effects tests conducted
from 5 March 1966 to 26 June 1967.

2.1 EMPLACEMENT TYPES

The DOD conducted seven underground nuclear test events
during this period. Tabhle 2.1 lists these events and pertinent
data including emplacement type. An emplacement type not dis-
cussed in this volume is one that results in excavating or eject-
ing material from the ground surface to form a crater (see Crater
Experiment in the Glossary of Terms). There were three shaft and
four tunnel types of DOD events during the period covered by this
volume. These are discussed in this section.

2.1.1 Shaft-Type

A shaft-type nuclear detoration is intended to be contained
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TABLE 2.1
DOD TEST EVENTS

5 MARCH 1966 - 26 JUNE 1967
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underground. The shaft is usually drilled, but sometimes mined,
and it may be lined with a steel casing or be uncased. The nu-
clear device is emplaced at a depth established to contain the
explosion. This depth also is selected to allow formation of a
subsidence crater. At detonation time, a cavity is formed by va-
porized rock under pressure which holds surrounding broken rock
in place until the cavity cools sufficiently to decrease pres-
sure., As broken rock falls into the cavity formed by the detona-
tion, the chimney of falling rock reaches the surface and a sub-
sidence crater forms, Figure 2.1 shows a typical subsidence cra-
ter and postevent drilling operation.

2.1.2 Tunnel-Type

A tunnel-type nuclear detonation is intended to be complete-
ly contained. The nuclear device is emplaced in a mined opening
at a depth which usually does not allow chimneying of broken rock
to the surface. A tunnel emplacement may be at the end of a sin-
gle horizontal tunnel into a mountain or mesa, in one tunnel of a
complex of horizontal tunnels used for experiments and other nu-
clear detonations, in a horizontal tunnel from the bottom of a
vertical shaft, or in an opening of variable size and shape mined
from a tunnel or the bottom of a shaft. Figure 2.2 shows the por-
tal of a typical DOD tunnel complex.

2.2 DIAGNOSTIC TECHNIQUES

The major advantage of underground testing was containment
of radioactive material. One of the major disadvantages was in-
creased difficulty in determining characteristics of a detona-
tion. Photographing a fireball growing in the atmosphere was no
longer possible. Samples of a radioactive cloud for analysis no
longer could be obtained by sampling aircraft. Measurements of
thermal radiation, nuclear radiation, and blast were complicated

41



uotiexadp DBUTTITAQ IUSADISOJ pue I93eI1) 20USBPTSANg TedTdAL v

1"z @2anbtg

42



xa21dwo)

T2uung god T1eoT1dA] 3O [e3I0d

1v09 4NO St

ND11I000Y¥d

Z2'Z 2anb1jg

43



by the confining underground structures. These disadvantages were
overcome by developing new diagnostic techniques, some of which
are discussed below.

2,2.1 Radiation Measurements

Measurements of radiations from an underground detonation
were made possible by developing a system of remote detectors and
cabling to send signals to recording facilities located on the
surface. Detectors utilizing various physical characteristics of
the radiations to be measured were installed near the nuclear de-
vice. High-specification coaxial cable and connectors carried the
measurement signals to the surface where electronic equipment re-
corded the signals.

The detector signals were on the way to recording equipment
in billionths of a second after a detonation, before detectors
were destroyed. These measurement systems required the most ad-
vanced electronic technology available. Indeed, considerable re-
search and development was necessary to acquire and refine these
capabilities.

2.2.2 Radiochemical Measurements

Because clouds from atmospheric detonations no longer were
available to sample, techniques were developed to obtain samples
of debris from underground detonations for radiochemical analyses
and subsequent yield determinations. The first systems were ra-
diochemical sampling pipes leading directly from the device em-
placements to filtering equipment on the surface. These pipes
required fast-closure systems to prevent overpressure from vent-
ing radioactive effluent to the atmosphere after samples were

collected.

While these systems functioned as intended for most detona-
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tions, the systems did not function properly during some tests,
and radioactive effluent was released to the atmosphere. Subse-
quently, the use of radiochemical sampling pipes to the surface

was discontinued.

The major radiochemistry sampling method which continued in
use for shaft detonations was postevent core drilling. The objec-
tive of this drilling was to obtain samples of solidified radio-
active debris which had collected in a molten pool at the bottom
of the cavity produced by the detonation. This method required
and resulted in development of precise directional drilling tech-
niques and several advancements in the science of core drilling.

2.2.3 Line-of-Sight (LOS) Pipes

Most of the DOD shaft-type detonations included LOS pipes
from the device emplacement to the surface. These pipes allowed
effects experiments to be conducted as well as measurement of ra-

diations from the detonations,

However, the LOS pipes to the surface required fast-closure
systems as did the radiochemical sampling pipes, and use of LOS
pipes to the surface also resulted in some releases of radio-
active effluent to the. atmosphere. Thus, the €frequency of DOD
shaft-type events, including use of these pipes to the surface,
decreased, but the use of horizontal LOS pipes in underground
tunnel complexes became frequent and a valuable weapons effects

testing system.

2.3 EFFECTS EXPERIMENTS
Weapons effects experiments were the primary reason for con-

ducting DOD underground nuclear detonations. The effects of
blast, heat, and radiation from a nuclear detonation in the at-
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mosphere had been studied extensively. Structures, equipment,
and materials had been exposed to atmospheric detonations, and
military hardware also had been exposed to underwater detona-
tions. Underground testing provided an opportunity to study
effects of ground shock and motion, and, of particular impor-
tance, the effects of a nuclear detonation environment on equip-
ment and materials at a simulated high altitude.

The simulation of a high-altitude detonation was made pos-
sible by enlargement and improvement of the LOS pipe system dis-
cussed in section 2.2.3. Large-diameter pipes hundreds of feet
long were constructed underground. The device was emplaced at
the end of the pipe. An access tunnel sometimes was constructed
parallel or at an angle to the LOS tunnel, and tunnels connected
the two at intervals. Hatches allowed access to the LOS pipe and
sealing of the pipe. Equipment and materials were installed at
locations within the LOS pipe. The atmosphere in the LOS pipe was
reduced in pressure by vacuum pumps, to simulate a high altitude,
before the detonation. Thus, testing of weapons effects was
extended from atmospheric and underwater to underground and at
simulated high altitudes.

2.4 CONTAINMENT FEATURES AND PROBLEMS

Completely containing radioactive material underground while
accomplishing diagnostic measurements and effécts tests proved to
be a major engineering challenge. Original efforts considered
only detonation containment in competent rock formations. It was
necessary to modify the original efforts to consider 2zones of
weakness in rock caused by faults and containment failures caused
by diagnostic and experiment structures. In addition, decreased
compressibility of rock caused by high water content with subse-
quent greater ground motion and stress toward the surface caused

containment failure. Failures also were caused by unanticipated
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additional overpressure of secondary gas expansion or steam pres-
sure. The major containment features and problems that evolved

are discussed below.

2.4,1 Shaft Containment

Some of the first shaft-type safety experiments were in open
shafts. When nuclear yields were produced, the open shafts did
little to contain the radiocactive debris. The first method used
to contain nuclear detonations in shafts was stemming, or filling
the shaft with aggregate and sand after device emplacement. Later
stemming was used that had ground-matching characteristics, such
as transmission of shock waves and other properties that would

not contribute to containment failure.

Keyed concrete plugs at different depths in the shaft stem-
ming sometimes were used. The shaft diameter was enlarged at the
plug construction location so the poured concrete plug would key
into the ground surrounding the shaft and provide more strength
against containment failure. Combinations of concrete and epoxy
were used later, and epoxy has replaced concrete as a plug mate-
rial for some shaft-type emplacements.

Radiochemical sampling pipes, LOS pipes, and other openings
in stemming and plug containment features had to be closed rapid-
ly after the detonation to prevent venting of radioactive efflu-
ent to the atmosphere. Fast-gate closure systems driven by high
explosives or compressed air were developed to seal the openings.
After some of these systems did not prevent releases of effluent
to the atmbsphere, use of openings to the surface for diagnostic
or experiment purposes was discontinued for several years until

technology improved.

Scientific and other cables from the device emplacement to
the surface were another source of containment problems. While
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cables could be imbedded in concrete and epoxy, which‘effectively
prevented leakage along the outside of the cables, radioactive
gases under high pressure traveled along the inside of cables as
a conduit to the surface. This problem was solved by imbedding
thé inner components of cables in epoxy at convenient locations
or intervals, such as at coinectors, in a technique called gas

blocking.

The most serious containment problems were caused by unan-
ticipated geologic and hydrologic conditions at particular test
locations. Even careful and rigorous calculations, engineering,
construction, and preparations were inadequate when the presence
of a geologic zone of weakness near the detonation point and to-
ward the surface was unknown.

Another similar problem was the presence of higher water
content than anticipated in rock formations surrounding or near
the detonation point. This problem caused (1) greater shock
transmission and ground movement by decreasing rock compressibil-
ity, (2) additional secondary gas expansion when the water turned
to steam, (3) a much higher and longer-sustained pressure from
the detonation point toward the surface, and (4) subsequent fail-
ure of the geologic or constructed containment mechanisms.

Recognizing and understanding geologic and hydrologic condi-
tions at each test location was necessary before these contain-
ment problems could be solved. As additional information became
available through drilling and intensive geologic studies, these
problems were resolved by investigations of proposed detonation
locations and application of detailed site selection criteria.

2.4.2 Tunnel Containment

As with shaft-type detonations, containment methods used for

tunnel events were designed using basic characteristics of the
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nuclear detonation. Tunnel configurations were constructed with
device emplacements strategically located to cause sealing of the
access tunnel by force of ﬁhe detonation. Additional containment
features were used to contain radiocactive debris,

A short distance from the projected self-sealing location
toward the tunnel entrance (portal), one or more sandbag plugs
were installed Two plugs, each about 60 feet in length, were a
typical installation. Farther toward the portal, and before en-
tering the main tunnel in a complex with more than one test loca-
tion, a keyed concrete plug with a metal blast door was con-
structed. The blast door was designed to contain any gases, with
pressures up to 75 pounds per square inch (psi), that might pene-
trate the plugs.

Also as with shaft-type detonations, the unknown presence of
undesirable geologic and hydrologic conditions sometimes caused
venting of radioactive effluent either through the overburden
(ground above the tunnel) to the surface, through fissures opened
between the detonation point and the main tunnel, or through the
plugs and blast door to the main tunnel vent holes and portal.
More substantial containment features evolved as containment
problems became better understood and tunnel events became more

complex.

Generally, the sandbag plugs became solid sand backfill hun-
dreds of feet 1long, and the blast door evolved into a massive
overburden (equivalent) plug separating test 1location tunnels
from the main tunnel. The plug typically was 20 to 30 feet of
keyed concrete with a large steel door containing a smaller
access hatch, and was designed to withstand overpressure up to
1000 psi.

Use of the LOS pipe in tunnel events necessitated develop-
ment of additional containment and closure systems. The LOS pipe
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tunnel and its access tunnels were separated from the main tunnel
by the overburden plug. Additional containment and closure sys-
tems were for protection of the LOS pipe and its experiments as
well as preventing release of effluent to the surface.

Generally, the tunnel volume outside of the pipe was filled
with stemming, grouting, or by other means to facilitate contain-
ment, while the inside of the pipe and its experiments were pro-
tected by fast-closure systems. Various systems were in use in-
cluding comrgessed air or explosive-driven gates and doors which
closed off the LOS pipe .from the detonation within a small frac-
tion of a second after detonation time.

The same gas blocking techniques as used in shaft events
were used to prevent leakage of radioactive gases along or
through cables from the diagnostic and experiment locations to
the surface. Additionally, a gas seal door usually was installed
in the main drift nearer the portal than the overburden plug.
Utility pipes, such as for compressed air, that passed through
stemming and plugs also were sealed by closure systems,

Containment systems evolved to the point that release of
detectable radioactivity to the atmosphere seldom occurred.

2.5 TUNNEL AND DRILLING AREA ACCESS REQUIREMENTS

Access to underground workings and drilling sites was con-
trolled for a number of reasons. During construction, safety of
both workers and visitors in these locations could ‘have been
jeopardized by carelessness or seemingly harmless activities of
untrained and uncontrolled visitors. When security-classified
material was in these locations, only personnel with appropriate
security clearances were permitted access. The presence, or an-
ticipated presence, of radioactive material in these locations
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required access control for radiological safety purposes. Access
requirements established for the above purposes are discussed

below,
2.5.1 Tunnel Access Control

During construction and preparations for a DOD event in a
tunnel or other underground working, the tunnel superintendent
was responsible to the project manager for safety of personnel
underground. All persons going underground, or the supervisors
of working groups, were required to enter appropriate information
in the tunnel log book. Visitors and other personnel not assign-
ed to work in the tunnel obtained permission for entry from the
superintendent, or his representative, and were apprised of tun-
nel conditions and safety regulations. 1In the event of an acci-
dent or other emergency condition underground, the log book pro-
vided information o1r numbers of personnel and their locations

underground.

When classified material was in the tunnel, and during ini-
tial reentry after an event, the DOD Test Group Director, or his
representative, was responsible for entry and safety of personnel
underground. Security personnel checked for proper security and
entry clearances, and maintained records of all personnel enter-
ing the tunnel.

Control of tunnel access reverted to tunnel management per-
sonnel after tunnel reentry and recoveries. FEntry procedures and
use of the tunnel log book were then as discussed above.

Additional access controls were instituted for radiological
safety purposes after an event or during construction and event
preparations when radiocactivity from a previous event could be
encountered. Part or all of a tunnel complex could be estau
lished as a radiation exclusion (radex) area.
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All persons entering radex areas were logged on Area Access
Registers. Names and organizations represented were listed. Ra-
diation exposures for the year were listed upon entry and added
to with self-reading pocket dosimeter measurements upon exit.
This was to assure that personnel approaching radiation exposure
guide limits would not be allowed to enter radex areas and accu-
mulate exposures above guide amounts.

Before entry, personnel were dressed in anticontamination
clothing and respiratory protection as needed for the particular
radiological conditions in the tunnel. Upon exit, anticontamina-
tion clothing was removed, personnel were monitored for radioac-
tive contamination, and‘decontamination was accomplished, if nec-

essary.
2.5.2 Drilling Area Access Control

Access to drilling areas was controlled by the drilling
superintendent and the DOD Test Group Director for the same rea-
sons as controlling access to underground workings. During drill-
ing of an emplacement shaft, and during postevent drillback oper-
ations to recover radioactive core samples, personnel safety and
compliance with safety requlations were emphasized continuously.

During preevent drilling activities, all visitors were re-
quired to contact the drilling superintendent before entry to the
drilling site. Names of visitors and purposes of visits were en-
tered in the daily drilling report, and it was assured that visi-
tors had hard hats and understood safety regulations.

When classified materials, including the nuclear device,
were brought into the area for emplacement, the DOD Test Group
Director controlled access to the area with assistance from secu-
rity force personnel as in similar tunnel operations. After the
event, when the drill site was a rades area, during classified
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material removal, or during postevent drilling, both security and
radiological safety access controls were in effect as discussed
under Tunnel Access Control.

2.6 INDUSTRIAL SAFETY CONSIDERATIONS

Implementation of an effective industrial safety program was
an important part of any heavy construction operation. Mining
and drilling operations had a particularly high accident poten-
tial. These operations at the NTS involved additional safety
problems resulting from detonation-induced unstable ground condi-
tions and potential for encountering toxic gases, explosive mix-
tures, and radioactivity.

Tens of miles of underground workings were constructed. More
depth of big holes (three-foot diameter or larger) were drilled
than the total drilled in the rest of the world. Directional and
core drilling to recover radicactive debris samples after under-
ground nuclear detonations advanced the science of these drilling
techniques. These operations were accomplished under unusual
conditions with accompanying difficult safety problems.

However, the lost-time accident frequency for the NTS sup-
port contractor employing most of the NTS personnel (REECo) was
only one-tenth of the frequency for the heavy construction in-
dustry at large (as determined by annual surveys and reports for
300 heavy construction corporations). This excellent safety
record was attained by continuing attention to indoctrinating and
training NTS personnel, investigating and determining causes of
accidents at NTS, implementing and enforcing safety regulations,
and, most important, maintaining the safety awareness of NTS
personnel.,

This was a joint effort by the DOE and DNA, and their prede-
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cessors, and by the many other government agencies and contrac-
tors at the NTS. Administered by REECo, the safety program en-
joined all NTS personnel to conduct operations safely, and was
exemplified by the signs on the portal of a typical DOD tunnel
complex as shown in Figure 2.2, including "Safety With Production
Is Our Goal."

The safety procedures for all NTS operations are voluminous
and cannot be included in this report. Appendix C of this report
is an example of pertinent safety procedures: General Tunnel Re-

entry Procedures for Department of Defense and Sandia Laboratory
Tests. As these procedures indicate, several aspects of indus-
trial safety are interrelated. Information on monitoring levels
of radioactivity and personnel exposures to radiation is present-
ed in the next section, 2.7 Radiological Safety Procedures.

Monitoring of toxic gases and explosive mixtures was an im-
portant aspect of safety in underground workings, on drill rigs,
and in drillhole cellars (enlarged first part of drillhole for
valving and other equipment). Toxic gases and explosive mixtures
were created by both the nuclear detonations and the mining and
drilling operations. The Draeger multi-gas detector and MSA ex-
plosimeter were used to detect such gases. The Fyrite or J&W
oxygen indicators were used to determine the oxygen content of
the working atmosphere.

Requirements were that tunnel and drill rig breathing atmos-
phere contain at least 19.5 percent oxygen. During the period
covered by this volume, standard operating procedures of the Ra-
diological Sciences Department required that breathing air con-
tain less than the levels of toxic gases and explosive mixtures
listed in the following table.
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Gases Maximum Concentration

Carbon monoxide, CO 50 ppm
Carbon dioxide, CO2 5000 ppm
Nitric oxide plus nitrogen )
dioxide, NO + NO2 25 ppm
Nitrogen dioxide, NO, 5 ppm
Explosive mixtures 10% of LEL (lower

explosive limit)

Procedures for controlling explosive mixtures and toxic
gases after each test event are discussed in event chapters as
appropriate.

2.7 RADIOLOGICAL SAFETY PROCEDURES

Procedures were developed in an effort to evaluate radio-
logical, toxic, and other hazards, and protect workers and the
public from unnecessary exposures. The following were primary
written procedures and implementation methods used at the NTS
from 1966 through 1967.

2.7.1 U.S. Atomic Energy Commission Nevada Test Site Organiza-
tion - Standard Operating Procedure, Chapter 0524, Radio-

logical Safety

Chapter 0524, which appears as Appendix D to this volume,
defined responsibility, and established criteria and general
procedures for radiological safety associated with NTS programs.
Some but not all of the major areas discussed are film badge pro-
cedures, radiation surveys, entry into controlled areas and ra-
diation exposure guides. Roles of the onsite REECo Radiological
Sciences Department and the offsite United States Public Health
Service (PHS) are defined in NTSO Chapter 0524.
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2.7.2 Standard Operating Procedures for the Radiological Safety
Department, REECo, dated January 1961. These procedures
were updated annually beginning in 1966.

These procedures were prepared to address in more detail the
radsafe aspects discussed in the latest revision of AEC NTSO-SOP
Chapter 0524, The same major areas were discussed but in a more

detailed manner,

2.7.3 REECo Radiological Sciences Department Information Bul-

letins

The Information Bulletins were formalized instructions for
performing specific radiological safety and industrial hygiene
tasks. They defined a situation, delineated responsibhility, and
described methods to be used in performing the task.

2.7.4 Detailed procedures as outlined in REECo Radiological
Sciences Department Branch Operating Guides

These were informal internal procedures written to address a
particular known or anticipated operational activity.

2.7.5 Implementation of radiological procedures; required equip-
ment, devices, and capabilities for monitoring radiation levels
in the environment; and monitoring external and internal expo-

sures of personnel.

Equipment and devices used for these purposes and necessary

capabilities were as follows:

A. Portable Radiation Detection Equipment

- Eberline PAC 3G (alpha)
- Eberline PAC 1SA (alpha)
- Technical Associates Juno SRJ~7 (medium range alpha,

beta, gamma)
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- Technical Associates Juno HRG-7 (high range gamma)

- Teletector 6112 (high range beta, gamma)

- Standard SS-2 (tritium)

- Bendix T=-290 (tritium)

- Floor Monitor (alpha)

- Floor Monitor (low range beta, gamma)

- Portal Monitors (low range beta, gamma)

- Eberline E-112B (low range beta, gamma)

- Precision 111 (low range gamma)

- Eberline E-500B (high range gamma)

- Victoreen Radector AGB-500B SR (high range gamma)

-~ Jordan AGB 10 KG SR Rad Gun (high range gamma)

- UW-1, underwater (gamma)

- Gateway Monitor (gamma alarm)

- Eberline PNC-1 (neutron)

- FN-la (fast neutron)

- Technical Associates Hand and Foot Counters (low range
beta, gamma)

Air Sampling Equipment

Portable gasoline driven air sampling units (Model 102,
REECo-designed)

High-volume air samplers (Staplex and Gelman)
Low-volume air samplers (Gelman)

Continuous and sequential samplers

Laboratory Analysis Capability

The radiological safety laboratory analyzed air, soil,
water, surface swipe, fallout tray, nasal swab, urine,
and wound swab samples for some or all of the following
activities: gross alpha and heta, gross fission prod-
ucts, tritium, strontium-90, plutonium-239, and spec-
trographic analysis of specific gamma-emitting radio-
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nuclides. The laboratory also analyzed some of the
above samples for nonradiocactive materials, such as be-
ryllium, through use of an emission spectrograph and by
wet chemistry procedures. A spectrophotometer was used
to analyze other materials.

Monitoring of Personnel Exposures

The DuPont type 301-4 film packet was replaced with the
NTS combination personnel dosimeter and security creden-
tial holder in.1966 to provide increased personnel do-
simetry capability necessary to meet the radiation expo-
sure problems associated with nuclear rocket testing and
underground nuclear detonations. The holder, designed to
accommodate a DuPont type 556 film packet, a fast neu-
tron packet, an identification plate, criticality acci-
dent components, the security credential, and a snap-
type clip, had capabilities for determining beta, gamma,
X-ray, thermal neutron, fast neutron, high range gamma,
and high range neutron doses. The DuPont 556 film packet
contained two component films, type 519 (low range) and
type 834 (high range). Gamma exposure ranges of the two
components were 30 mR to 10R and 1l0R to 800R, respec-
tively. The NTS combination personnel dosimeter and se-
curity credential holder is shown in Figure 2.3.

Film badges were exchanged routinély each month for all
individuals, and upon exit from a radex area when it was
suspected that an individual had received 100 mR or more
of exposure.

Personnel entering radex areas also were issued self-
reading pocket dosimeters which indicated accumulated
exposure. Upon exit, pocket dosimeter readings were en-
tered on Area Access Registers and added to the yearly
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and quarterly accumulated exposures from the automated
daily NTS radiation exposure report. Pocket dosimeter
readings were only estimates because several factors
caused those readings to be less accurate than the doses
of record determined after processing film packets.

This use of Area Access Registers helped to maintain
personnel exposures below the whole-body exposure guides
in Chapter 0524: 3000 mrem per quarter and 5000 mrem
per year. Personnel with exposures from the report plus
any dosimeter reading since the report in excess of 2500
mrem per quarter or 4500 mrem per year were advised not
to enter radex areas apd their supervisory personnel
were so notified.

2.7.6 Additional methods used for control of radex areas and to
prevent spread of contamination to uncontrolled areas were as

follows:

A daily log book was maintained by Radsafe monitors for each
of the radex area locations. These logs were used to record the

following information:

A,

B.

Work accomplished: Where people worked and what work

was accomplished were briefly de-
scribed. Any unusual conditions,
such as equipment failure and oper-
ational difficulties, were listed.

Visitors: First and last names of visitors

were entered. Their destination
and reason for their visit were in-
cluded where possible. Time they
exited the area and results of per-
sonnel monitoring were recorded.
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C. Unusual occurrences: Any unusual events which occurred
during the shift were recorded.
This entry included accidents,

high=-volume water seepage, or any
other occurrence of an unusual
nature.

D. Surveys and samples: Information collected was recorded
as follows:

Survey type - Routine or Special*
Sample type - Routine or Special*
*Indicate requester's name for Special type.

E. Date and signature: The date and shift were entered at
the beginning of the work period
and the log book was signed before
leaving the shift.

Personnel leaving radex areas removed anticontamination
clothing and equipment and placed them in special containers for
later laundering or disposal at the designated NTS burial site.
Personnel then were monitored to assure radiation levels were be-
low those listed on page 250 of Appendix D, AEC NTSO-SOP Chapter
0524, Radiological Safety. Personnel decontamination was accom-
plished if radiation levels were above specified limits. Decon-.
tamination usually was accomplished by vacuuming, removing radio-
active particles with masking tape patches, washing hands or lo-
calized skin areas with soap and water, or showering with soap

and water,

Vehicles and equipment removed from radex areas were moni-
tored to assure radiation levels were below those listed on page
250 of Appendix D for release on the NTS. Limits for release of
vehicles and equipment off the NTS were 0.3 mR/h beta plus gamma
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radiation at contact and no detectable alpha activity. Vehicles
and equipment normally were decontaminated by vacuuming and steam
cleaning with water or detergent solutions.

2.8 TELEMETERED MEASUREMENTS OF RADIATION LEVELS

Beginning in the early 1960's, various applications of radi-
ation measurement telemetry were developed at the NTS to deter-
mine radiation levels at critical underground and surface areas
following nuclear detonations. Multi-detector systems with range
capabilities from 0.5 mR/h to 500 R/h and from 10 mR/h to 10,000
R/h, continuously monitored locations of concern after being
emplaced and calibrated prior to each test event. 1Ion chamber
detectors were hard-wire~linked by telephone trunk lines to expo-
sure rate meters at a central console in Control Point Building
2. Detector locations were as far as thirty-five miles from the
console,

These remote radiation monitoring systems provided data for
reentry personnel participating in radiation surveys and recovery
operations after detonation of a nuclear device. The systems
aided in substantially reducing radiation exposure of personnel
involved in reentry programs, and were useful in detecting any
venting or leaking of radioactive effluent to the atmosphere from
an underground detonation.

2.8.1 Evaluation and Development of Telemetry Systems
The' radiation telemetry systems developed and used had spe-

cific applications depending upon distance, terrain, environment,
and operational needs.
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A. Remote Area Monitoring Station (RAMS)

The primary method used was a system ¢f Tracerlab TA-6
(GM) tube gamma detectors with Model 261 direct readout
meters. The meter had a two-range scale, 0 to 10 R/h
and 0 to 100 R/h., This system was limited to a 35-mile
radius transmission range, and had limited shock resist-
ance capability.

B. Radio-Link Telemetry

This EG&G-developed system was a line-of-sight radio-
linked system, transmitting the desired information on
VHF frequencies from a field unit to a main control con-
sole. The ionizing radiation-induced signal was then
read out as cycles per second on an event-per-unit-time
meter.. Detectors provided information which was auto-
matically displayed on digital tape showing the time of
measurements, locations, and radiation intensities.

2.8.2 Remote Area Radiation Detection Monitoring Support

Approximately two hundred remote radiation detector channels
were available to continuously monitor radiological conditions
and assess exposure rates before the test area was entered after
detonation. Approximately 16 detector units were positioned in
the test area before a shaft-type event. Detectors were placed
in circular arrays at appropriate distances from SGZ which varied
with device yield and predicted wind direction (see Figures 2.4
and 2.5)., Variable numbers of detectors were used aboveground and
underground during tunnel-type events. An additional 20 to 35
permanently established remote radiation detector stations oper-
ated continuously at living areas, work areas, and other 1loca-
tions throughout NTS (Figure 2.6). A large number of additional
channels were available for additional detector 1locations and
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substitute channels. Event-related telemetry detectors operated
from zero time until it was determined that no release of radio-
activity would probably occur, or until any released radioacti-
vity had decayed to near-background levels at the telemetry sta-
tions. As telemetry systems evolved, readout locations were posi-
tioned near the FCP or at locations where telephone lines were
available, in addition to those events where readouts were locat-
ed at CpP-2,

Radiation telemetry data were supplemented with information
collected by a mobile air sampling program. Model 102 air sam-
pling units were used to obtain samples of any radioactive efflu-
ent released at event time or during the postevent drilling op-
erations. Test Groups used an average of 21 units during each
test event. Prior to each nuclear experiment, these samplers
were placed at specified locations around the test area and re-
mained in position until drillback operations were completed or
the Test Group Director authorized the removal of the units.

2.9 AIR SUPPORT REQUIREMENTS

The AFSWC provided direct support to NTSO for DOD under-
ground tests, and other Air Force organizations provided support
under AFSWC control as described in section 1.3.3 of this report.
However, less air support was required as the probability of
venting radiocactive effluent to the atmosphere decreased with de-

velopment of more effective containment techniques.
2.9.1 Changes in Air Support Requirements

After 1962, Air Force cloud sampling and cloud tracking air-
craft generally were not required, except for AEC cratering
events where radioactive effluent clouds were anticipated. The
value of analyzing particulate and gaseous cloud samples to de-
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termine characteristics of a detonation decreased., Passage of
the radioactive effluent through variable amounts and tempera-
tures of rock and other media selectively retained some radionu-
clides underground, and changed known ratios of fission products
previously used during analysis of atmospheric detonation cloud
samples.

The first change in cloud sampling and tracking support was
to a lighter Air Force aircraft, the U-3A, with an Air Force
pilot and PHS monitor. The PHS monitor also performed aerial
monitoring of selected locations near surface ground zero and
along the path of any effluent cloud. This air support later was
performed by PHS and contractor personnel in their own aircraft.

The Air Force L-20 or a U-6A aircraft, with an Air Force
pilot and a security guard from the NTS security force, continued
to provide security sweep coverage of the NTS perimeter and test
areas until use of helicopters began in 1968. Perimeter sweeps
were conducted daily, during reasonable flying weather, to assure
that unauthorized vehicles were not entering the NTS over rough
terrain or around security barricades on secondary roads. Air
security sweeps of the immediate test area were conducted for a
few hours before each detonation to assist in clearing the test
area and to assure that unauthorized vehicles were not approach-
ing it from directions not controlled by manned security sta-

tions.,

Air support for photography missions during test events and
initial radiation surveys after each event did not change. Heli-
copters with Air Force pilots generally were used with contractor
photographers and Radsafe monitors.

2.9.2 Radsafe Support for Indian Springs AFB

Radsafe support facilities had been established at ISAFB

68



during the atmospheric nuclear device testing series. During
1962 tests, and subsequent DOD underground tests requiring sup-
port aircraft staged from ISAFB, REECo provided all radsafe
support functions available at the NTS. This included Radsafe
monitors stationed at the ISAFB radsafe quonset facility, and a
complete stock of film dosimeters (badges), radiation detection
instruments, and anticontamination clothing and equipment for use
by aircrews and ground crews.

Radsafe monitors issued and exchanged film dosimeters (bad-
ges), issued self-reading pocket dosimeters, dressed Air Force
personnel 1in anticontamination clothing, provided respiratory
protection equipment, monitored aircraft and personnel after
events, decontaminated personnel, and assisted ground crew per-
sonnel with decontamination of aircraft.

Figures 2.7 through 2.9 show decontamination and monitoring
of typical B-57 cloud sampling aircraft used during the 1960's
for cratering events, and other events when the possibility of
radioactive effluent was anticipated.

Aircrews departing from contaminated aircraft removed anti-
contamination clothing and equipment at the radsafe facility,
showered, and were monitored to assure complete decontamination
before they dressed in regulation clothing and were released.
Ground crews who removed particulate and gaseous cloud sample
collection media from aircraft or who participated in aircraft
decontamination were subject to the same personnel deconta-

mination procedures.
2.9.3 Radsafe Support for Helicopters
Although ISAFB radsafe support extended to all participating

aircraft, special helicopter radsafe procedures were implemented
because these aircraft landed at NTS and staged from helicopter
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pads located east of Mercury Highway at the Control Point area
and near a Test Director's Forward Control Point (FCP) establish-
ed for a particular underground event. Helicopter pilots usually
landed at these locations, and were briefed at the Control Point
or particular Forward Control Point regarding their scheduled
missions or other operational missions.

If the mission involved possible contamination of the air-
craft, Radsafe monitors lined the floor of the aircraft with
plastic, or kraft paper, and masking tape to facilitate decontam-
ination. Pilots and crew members were dressed in anticontamina-
tion clothing and provided with film badges, pocket dosimeters,
and respiratory protection equipment if airborne radioactive
material was anticipated.

Upon completion of missions, helicopters returned to the
landing pads where they were decontaminated by Radsafe monitors.
Pilots and crew members were decontaminated at an adjacent for-
ward Radsafe base station, or at Control Point Building 2 where
the pocket dosimeters were collected and read, and film badges
were exchanged if exposures of 100 mR or more were indicated by
pocket dosimeters.
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CHAPTER 3

RED HOT EVENT

3.1 EVENT SUMMARY

The RED HOT event was a DOD underground nuclear detonation
with a yield less than 20 kt conducted at 1015 hours Pacific
Standard Time (PST) on 5 March 1966 at tunnel site Ul2g.06 in
Area 12 of the NTS. The device was emplaced 1,330 feet bheneath
the surface, in a tuff medium, on the flat surface of a hemis-
pherically-shaped cavity (Figugxe 3.1). The experiment was a
weapons effects test to study ground shock. Eleven projects were
involved including safety documentation, structural support, and
scientific studies. The detonation was not completely contained;
some physical damage and contamination of the tunnel complex re-
sulted, and minor levels of radioactive effluent from this event
were detected offsite. Additional information is in section 3.3
"Event-Day and Continuing Activities."

3.2 PREEVENT ACTIVITIES
3.2.1 Responsibilities

The DOD Test Group Director was responsible for the safe
conduct of all RED HOT activities in Area 12. Responsibilities
of AEC and AEC-contractor personnel were in accordance with
established AEC/DOD agreements or were the subject of separate
action between Field Command, DASA, and the AEC Nevada Operations
Office. The DOD was responsible for preevent installation and
postevent removal of equipment necessary for its project activi-

ties.
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3.2.2 Planning and Preparations

A "RED HOT Recntry Plan" described preevent preparations and
postevent procedures used to assure safe and ceconomical reentry.
Radiation sensing instruments and tunnel condition indicators
were located throughout the event complex. In addition, REECo
Radiological Sciences Department (Radsafe) personnel were provid-
ed with "Detailed Initial Reentry Procedures" for reentry and re-
covery operations. Stemming design in the access tunnels incor-
porated necessary provisions to maximize safety of reentry. Geo-
phones were installed to monitor cavity activity and collapse.

Figure 3.1 shows the tunnel complex for the RED HOT event
including the tunnel used for the MADISON event (a weapons-
related event detonated 12 December 1962), and the drift for the
Deep Well experiment (an experiment related to RED HOT). Air
sampling pipes were installed through both the sand bag plugs and
the gas seal door. These were used during reentry to sample air
just forward of the door and plugs for immediate analysis and
evaluation. Two 10,000 cfm positive displacement blowers with
balanced flow rates were used to provide necessary tunnel venti-
lation. Three evacuated flasks for obtaining air samples through
plug No. 4 from the GZ side were placed on the portal side of the
plug. Tunnel vent lines from the portal to plug No. 4, to the
general area of Station 42+00 in the main drift, to the general
area of Station 3+50 in the Deep Well drift, to the MADISON
drift, and to blind dArifts were in place at zero time. Vent line
monitors and air samples were used to determine the quantity and
quality of any radioactive effluents released to the atmosphere

during tunnel ventilation,

A. Radiological Safety Support

Detailed radiological safety reentry plans were sub-
mitted to participating agencies prior to the event.
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Test area maps with appropriate reference points were
prepared. Reference markers, radiation decay recorders,
and air sampling equipment were positioned in the test
area. Reentry routes into the test area were establish-
ed during "dry runs." Party monitors were briefed re-
garding reentry, sample recovery, manned stations, and
security station requirements.

A mobile issue facility for anticontamination clothing,
respiratory devices, instruments, and dosimetric devices
was positioned prior to the event at the security barri-
cade near the FCP. A personnel and vehicle decontamina-
tion facility was established adjacent to the mobile
issue facility. When authorized by the Test Group Dir-
ector, these facilities were repositioned to a conven-
ient location near the tunnel portal.

Radsafe monitors were stationed at all Wackenhut Serv-
ices, Inc. (WSI) security roadblocks and at all work
areas within the exclusion areca to perform surveys and
provide other support as directed.

All personnel at manned stations were provided with
appropriate anticontamination clothing and equipment,
and Radsafe monitors were in attendance. Radsafe had
personnel stationed at the DOD Test Group Director's FCP
prior to the RED HOT detonation ready to perform surveys
and provide emergency support as directed; provide and
issue anticontamination equipment, portable instruments,
.and self-reading pocket dosimeters; operate area control
check stations; and perform personnel, equipment, and

vehicle decontamination as cequired.

Anticontamination materials available included cover-
alls, head covers, shoe covers, full-face masks, sup-
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plied-air breathing apparatus, plastic suits, gloves,
plastic bags, and masking tape.

Telemetry and Air Sampling Support

A remote area monitoring system (RAMS) was installed
with the detection units located underground and on the
surface and readouts located outside the controlled
area. This system was functioning at zero time so that
tunnel and surface radiation conditions could be deter-
mined. RAMS console readings were recorded every 15
minutes until tunnel ventilation was started. All tele-
metry stations remained active until the DOD Test Group
Director requested their deactivation.

There were 45 RAMS units, 13 inside the tunnel complex
and 32 on the surface, which recorded da:a (Tables 3.1
and 3.2). The detection range of the units was 1 mR/h
to 1,000 R/h.

Readout information from these detectors was recorded at
CP-1 and CpP-2,

Thirty-five air sampler trailer units were positioned at
various locations in the test area for this event. These
were started a minimum of three hours prior to scheduled
device detonation and were set on continuous sampling

mode.

Security Coverage

Muster and control stations were established on D-day.
All personnel entering or exiting the controlled area
were required to stop at the muster or control stations
for issuance or return of their muster or stay-in bad-
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TABLE 3.1
RED HOT EVENT

RAMS UNIT LOCATIONS
5 March 1966

Station Location

UNDERGROUND

2+75 feet (275 feet; main drift)

0+25 feet (25 feet; main drift)

43+00 feet (4,300 feet main drift; just outside plug
No. 3)

5+00 feet (500 feet; deep well drift)

2+89 feet (289 feet; deep well drift)

3+25 feet (325 feet; deep well drift)

39400 feet (3,900 feet; main drift)

58+28 feet (5,828 feet; main drift)

32+00 feet (3,200 feet; main drift

10 5+00 feet (500 feet; MADISON drift)

11 24+50 feet (2,450 feet; main drift)

12 15+50 feet (1,550 feet; main drift)

13 39+00 feet (3,900 feet; main drift)

O ®© Jd O U1
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TA

BLE 3.2

RED HOT EVENT

RAMS UN
5 M

IT LOCATIONS
arch 1966

Station Location
14 447 feet from SGZ at 45° Azimuth
15 451 feet from SGZ at 71° Azimuth
16 385 feet from SGZ at 113° Azimuth
¥7 439 feet from SGZ at 161° Azimuth
18 538 feet from SGZ at 176° Azimuth
19 608 feet from SGZ at 331° Azimuth
20 605 feet from SGZ at 343° Azimuth
21 594 feet from SGZ at 305° Azimuth
22 1,024 feet from SGZ at 193° Azimuth
23 827 feet from SGZ at 206° Azimuth
24 884 feet from SGZ at 237° Azimuth
25 889 feet from SGZ at 274° Azimuth
26 916 feet from SGZ at 298° Azimuth
27 1,406 feet from SGZ at 333° Azimuth
28 1,072 feet from SGZ at 2° Azimuth
29 1,034 feet from SGZ at 44° Azimuth
30 1,065 feet from SGZ at 74° Azimuth
31 1,021 feet from SGZ at 92° Azimuth
32 2,030 feet from SGZ at 119° Azimuth
33 2,450 feet from SGZ at 63° Azimuth
34 3,306 feet from SGZ at 346° Azimuth
35 1,815 feet from SGZ at 323° Azimuth
36 2,434 feet from SGZ at 310° Azimuth
37 2,434 feet from SGZ at 272° Azimuth
38 3,583 feet from SGZ at 272° Azimuth
39 " 4,165 feet from SGZ at 293° Azimuth
40 4,684 feet from SGZ at 315° Azimuth
41 5,250 feet from SGZ at 56° Azimuth
42 3,053 feet from SGZ at 87° Azimuth
43 5,515 feet from SGZ at 125° Azimuth
44 4,074 feet from SGZ at 160° Azimuth
45 3,806 feet from SGZ at 204° Azimuth
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ges. All personnel were required to have proper secu-
rity clearances for the area. Control of the area was
maintained by the use of roadblocks, access authoriza-
tions and a Schedule of Events. Parties could enter the
controlled area only with the permission of the Test
Group Director or Test Manager. Wackenhut Services
Incorporated security guards were responsible for acti-
vating roadblocks and directing the flow of traffic.

Air Support

Lookout Mountain Air Force Station (LMAFS) photo person-
nel and DOD aerial photo personnel were in a UH=-43D
helicopter positioned a safe distance from the tunnel
portal at zero time. In addition to the two photo heli-
copters, an Air Force U-3A aircraft, a pilot and a co-
pilot were made available to a PHS aerial monitoring
team for cloud tracking purposes. The PHS also operated
two Turbo-Beech and one C-45 aircraft for cloud sampling
purposes. The EG&G Martin 404 (NATS) aircraft was on
standby in Las Vegas. The three PHS aircraft were code
naned Vegas 2, Vegas 7, and Vegas 8, respectively.

Vegas 2 was the primary cloud locating and sampling
plane. 1t was equipped with cryogenic and electrostatic
precipitator sampling systems, an Andersen sampler, a
gross activity air sampler, and gamma detection equip-
ment. Vegas 7 was equipped for its first mission with a
variable time-controlled sequential air sampler, an

‘electrostatic precipitator and 1low background beta

counter, differential beta-gamma detection egquipment,
and a gross gamma detection system. For the second mis-
sion it was equipped with a cryogenic sampler, a gross
air sampler, beta-gamma detection equipment, and a gross
gamma detection system. Vegas 8 was assigned to cloud
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tracking and carried a high volume tracking filter, se-
quential air sampler, low background beta counter, and
gamma detection system,

3.2.3 Late Precvent Activities

RED HOT detonation was originally scheduled for 1000 hours
on 1 March 1966. The muster station was activated at 0000 hours
on 1 March and the first security sweep was completed at 0200
hours. A second security sweep began at 0300 hours and was com-
pleted at 0500 hours. Experimenter personnel from SC, EG&G, DOD,
Stanford Research Institute (SRI), and Engineering Physics (EPCO)
were in the area performing button up activities from 0530 hours
to 0630 hours. At that time, Area 12 was cleared and the muster
station moved to the junction of Orange Road and Rainier Mesa
Road (southeast of Area 12). The arming party entered the area
at 0720 hours, the muster station was moved to the junction of
Rainier Mesa Road and Area 2 Road (further southeast from the
event), and at 0733 WSI personnel beqan a security sweep of Area
12. At 0833, arming was complete and the party exited the closed
area.

The event was "scrubbed" at 0848 hours; however, WSI person-
nel were advised to maintain the closed area until the arming
party disarmed the device. This was accomplished between 0900
hours and 0930 hours; thereafter, the area was reopened.

A 24-hour delay was called at 1945 hours on 1 March 1966.
Preliminary steps were taken toward test execution on 2 March and
3 March; however, both days the event was "scrubbed."

On 4 March 1966, the first and second security sweeps were
completed at 0430 and 0600 hours respectively. A Test Manager's
readiness briefing was held, and the arming party entered the
area at 0850 hours. Permission to arm was granted at 0930 hours,
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and the arming party left the area at 0942 hours. After several
delays from 1031 hours to 1432 hours, the decision was made to
delay for an additional 24-hours. At 1445 hours the arming party
departed for GZ to disarm the device, completing the task at 1520
hours.

3.3 EVENT-DAY AND CONTINUING ACTIVITIES

Between 0000 and 0600 hours on 5 March 1966, the following
experimenter activities were being conducted:

- REECo personnel performed ,(final checks of CCTV camera

equipment.

- SC personnel made final instrumentation adjustments at G2,
checked recording equipment at the Hydyme trailer, and made
final adjustments on three geophones located 2,450 feet east
of G2 and three geophones located 3,900 feet east of GZ all in
the tunnel. Final adjustments also were made in van GMT-2 lo-
cated in the trailer park outside the tunnel portal, and in
van E-12 located two miles east of the tunnel portal.

- EG&G personnel loaded cameras and turned on equipment at photo
stations No. 1 and No. 2.

- SRI personnel performed final checks and button up of vans
located at the tunnel portal, and proceeded to SGZ on Rainier
Mesa to make final instrument checks and button up an instru-

ment van.

- EPCO personnel conducted final checks and button up of their

instrument van.

- BRL personnel checked system battery conditions and took final
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pressure, temperature, and humidity readings at their
instrument van.

Most of the above activities occurred on each previous at-
tempt to execute this event.

The first and second security sweeps were conducted from
0140 hours to 0400 hours. A Test Manager's readiness briefing
was conducted at 0715 hours with a scheduled zero time of 1000
hours., The muster station was relocated to just north of the
Area 2 access road at 0800 hours. Arming was complete at 0803
and the area was clear of personnel by 0813 hours,

Radsafe personnel arrived at the Test Director's FCP at 0840
hours, opened the mobile check station, and dressed out reentry
personnel in anticontamination clothing and equipment.

At 0915 hours, a photo party of two LMAFS personnel plus a
USAF crew in a UH-43D helicopter were in position 3,000 feet east
of the portal at an altitude of 3,000 feet. A DOD photo party of
three plus a USAF crew in a UH-43D helicopter were in position
1,500 feet east of the portal at an altitude of 1,500 feet.

The required countdown began at 0930 hours on radio nets 1,
2, 6, and 8. Ten minutes prior to scheduled device detonation the
siren on CP-1 ran for 30 seconds, and the red lights on top of
the building were turned on until after detonation.

RED HOT zero time was 1015 hours PST on 5 March 1966.

A dust cloud formed outside the portal after detonation.
There was no radiation above background associated with this
cloud (or elsewhere outside the tunnel) until eight minutes after
device detonation when venting began. All RAMS units inside the
portal except stations 10, 11, and 12 ceased functioning immedi-
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ately. Within two minutes, RAMS No. 11 had risen to 900 R/h;
within six minutes RAMS No. 10 in the MADISON drift had risen to
100 R/h and continued increasing. Ventilation was turned on so
that the imminent release of activity could be filtered, and RAMS
No. 12 readings promptly increased to 110 R/h. Thereafter, RAMS
units outside the portal indicated varying levels of activity
during the release, which continued for more than six hours. The
highest RAMS reading outside the tunnel was 200 R/h at H+19 min-
utes. After 48 hours, however, all onsite radiation levels had
decreased to background with the exception of those within the
tunnel and at the tunnel portal.

3.3.1 Cloud Tracking and Monitoring

Approximately 20 minutes after zero time (1015 PST), Vegas 2
made its first pass over SGZ at 7,000 feet above mean sea level
(MSL) where 50 mR/h was measured. Two additional passes over SGZ
showed activity levels continuing to rise, reaching 450 mR/h by
1041 hours. Additional circling of SGZ further indicated the re-
lease was moving in a general westerly direction. Based on this
information, a sampling flight path was established 2.7 miles to
the west of SGZ at 7,500 feet MSL and normal to the expected
cloud trajectory. First contact with the cloud's leading edge
occurred at 1051 hours. Position of the contact point indicated
the cloud was initially moving on a course of 250 degrees true at
about 6.5 mph, Sample collection continued until 1127 hours on
the initially established course. The final sampling pass was
made from a position 1.5 miles farther to the west at the same
altitude and flown directly back toward SGZ upon reaching the
cloud center line. A minimum dose rate reading of 5 mR/h on the
axial pass was observed at the starting position with the maximum
readings of 50 mR/h occurring approximately 0.25 miles west of
SGZ. Peak dose rate readings for all previous sample runs were
approximately 25 mR/h to 30 mR/h.



Gross gamma information obtained on the last sample pass
along the cloud axis indicated westerly movement of the cloud had
ceased. Similar information was obtained at this time by Vegas 7
making cloud height and trajectory measurements. Flying at 8,300
feet MSL at 1137 hours, Vegas 7 reported the leading edge had
reached the PHS farm in Area 15, thereby establishing a trajec-
tory of approximately 70 degrees true.

Between 1035 and 1140 hours, cloud height measurements had
determined the lower limit to bhe at an average altitude of 6,500
feet MSL and the top at 9,000 feet MSL., At this time, it had
developed a length of 11 miles, an average width of 1.8 miles,
and a depth of 2,500 feet, with a resultant volume of 3 x 1012
cubic feet,

Vegas 7 returned to the area on a sampling mission between
1320 and 1410 hours. Repeated flights at 7,500 feet MSL were
made over SGZ and in circular patterns in the immediate vicinity
of SGZ to determine the existence of any continuing release. No
continuing release was detected.

At 1520 hours, Vegas 8 departed McCarran Airport for a cloud
tracking mission in the area immediately to the north of SGZ. At
1618 hours, mid-time of the first sample of Vegas 8's tracking
mission, the northern edge of the cloud was located at 9,500 feet
MSL and was found to extend from Gold Reed to the northern tip of
the Belted Range. Activity varied from approximately two times
background over Gold Reed to ten times background over the Belted
Range. A second sample run was flown on a reciprocal heading
over the first sample run course confirming the first results.
At 1710, sample run number three began over the southern tip of
the Kawich Range at 9,500 feet MSL on a true course of 180 de-
grees terminating at the northern boundary of NTS. The cloud was
first detected over Gold Reed at three times background and in-
creased rapidly to approximately 75 times background at the ter-
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minal position. Sample run number four began at 1742 hours over
Black Mountain at 9,500 feet MSL on a true course of 90 degrees,
continued to the western boundary of Groom Lake then north on a
true course of 00 degrees terminating five miles southwest of
Queen City Summit. Cloud activity twice background was first de-
tected four miles east of Black Mountain and continued uninter-
rupted to a position directly east of the northern tip of the
Belted Range. Maximum activity of approximately 140 times
background occurred at 1748 hours five miles north of Gate 700.

On D-day from H+4 hours to H+8 hours, an Air Force Tactical
Air Command (AFTAC) C-54 aircraft tracked and sampled from NTS
north-northwest to approximately 38 deqgrees north, 117 degrees
west at 7,000 to 9,000 feet MSL.

On 6 March, Vegas 8 departed McCarran Airport for a cloud
trajectory mission through north central Nevada. Flight sample
runs were made between each of the following locations in order
as given: Mercury, Beatty, Lida Junction, Tonopah, a point 60
miles from Tonopah on a true heading of 28 degrees, Currant,
Austin, a point 10 miles north of Battle Mountain, Austin, and a
point 30 miles south of Austin.

A C-130 aircraft operating from Tonopah found activity in
Big Smokey and Monitor Valleys at about 7,000 feet MSL. A C-135
also searched east of NTS in an area bounded by Salt Lake City,
Ogden, and Rock S$prings, Utah; and Grand Junction, Colorado at
altitudes between 10,000 and 13,000 feet MSL. Results from this
flight were negative.

3.3.2 Surface Reentry Activities

Initial safety and radiological surveys were performed under
the direction of the Test Group Director in accordance with the
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"Radiological Safety Support Plan for RED HOT." The initial ra-
diation survey began at 1111 hours and was completed at 1153
hours on 5 March 1966.

Two vehicle-borne Radsafe teams, consisting of two radiation
monitors each, performed the initial ground survey. They were
referenced as team No. 1 and team No. 2, After release by the
DOD Test Group Director, the two parties proceeded from the FCP
via the Area 12 Main Access Road toward the Ul2g portal area,
surveying enroute. Initial radiation survey readings are shown
in Table 3.3. The maximum measurement of 7,000 mR/h was at the

rope fence in the portal area.

Radsafe Team No. 1 proceeded to the vicinity of the portal
and as radiation intensities allowed, obtained radiation meas-
urements at the portal and other locations of interest in the
area. Upon completion of the survey, team No. 1 proceeded to a
point immediately outside the newly established radex area near
the entrance to the portal area. A temporary mobile check sta-
tion facility was then established at this location.

Team No. 2 proceeded to the film-instrumentation trailer
park, surveying enroute. During this survey, film was recovered
from the trailers. Four SRI personnel were escorted to the
trailer area by a Radsafe monitor to perform experiment recovery.
After completion of the trailer park survey, team No. 2 con-
trolled access to the portal area.

Fach area and all contaminated or radioactive materials were
marked to indicate radiation levels present. Personnel entering
radiation areas or working with contaminated material were brief-
ed concerning potential exposure and safety precautions and pro-
vided with anticontamination clothing, equipment, and materials.
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TABLE 3.3
RED HOT EVENT

INITIAL RADIATION SURVEY DATA
5 March 1966

Gamma Exposure Rate

Time Location (mR/h)
1111 Stake M-143 (7.2 miles SE of portal) Bkg*

Stake M-147 (6.2 miles SE of portal) Bkg*

Stake M-151 (5.2 miles SE of portal) Bkg*

Stake M-155 (4.3 miles E of portal) Bkg*

Stake M-162 (3.5 miles NE of portal) Bkg*

Stake M-163 (3.4 miles NE of portal) Bkg*
1130 Stake M-167 (2.8 miles NE of portal) 0.2
1138 Stake M-170 (2 miles NE of portal) 0.5
1139 Stake M-175 (1.4 miles NE of portal) 1.0
1140 Stake 12-G-6 (1.1 miles NE of portal) .8
1141 Stake 12-G-7 (1.0 mile NE of portal) - 15,0
1141 G Tunnel pad entrance 50.0
1145 Cable run west 500.0
1145 Rope fence (center)** 1,000.0
1146 Rope fence (west) 1,500.0
1151 Rope fence (west) 7,000.0
1153 Rope fence (east) 5,000.0

*Background radiation measurement
**Because the possibility of venting had bheen considered, the
area in front of the tunnel portal had been roped off to pre-
vent anyone from getting in a direct line with the tunnel. The
rope ran east and west across the portal area, parallel to the
axis of the tunnel, and 100 feet north of the portal.
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After use, anticontamination clothing and equipment were
laundered and returned to stock for subsequent reissue. Those
items which could not be decontaminated to permissible levels
were buried at the designated disposal site in Area 5.

On 5 and 6 March, reentries were made to the portal area to
recover film and various other experiment data. According to
plan, tunnel reentry was not to take place prior to 21 March
1966.

On March 6 at 0720 hours, the security and Radsafe control
station was moved to the junction of Orange Road and Mercury
Highway in Area 12. From 0940 hours to 1400 hours, four DOD per-
sonnel, five SC personnel, and two LASL personnel entered the
closed area to recover film and tapes. At 1510 hours, a Radsafe
monitor, one DOD representative, and mining department personnel
entered the controlled area to seal the portal. They completed
the task and exited the area at 1522 hours.

At 1730 hours, an air sampling trailer was placed in front
of the tunnel portal. On 7 March 1966, sometime between a radia-
tion survey at 0230 hours and the next entry into the area at
0530, an explosion took place. The air sampling trailer was de-
stroyed by the explosion. Portal gates, portal coverings, and
vent lines were damaged. The explosion was caused by explosive
gas trapped underground which ignited for some unknown reason.
No personnel were in the area at the time. The rope and barri-
cade fence which had been constructed before the event completely
blocked access into the portal area. Before and after the explo-
sion anyone proceeding beyond the barricade was accompanied by a
Radsafe monitor and wore appropriate respiratory protection. The
portal gates and coverings were repaired, and no reentries into
the tunnel were permitted until 17 March.

No other experimenter reentries were recorded between 7
March and 16 March.
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3.4 POSTEVENT ACTIVITIES
3.4.1 PHS Ground Monitoring Support

Winds on D-day were light and variable, moving the radio-
active effluent very slowly to the north-northeast. By the time
the cloud had penetrated into the offsite populated areas, it was
diffused over a large area and most of the very short lived radi-
onuclides were not detected.

Eight PHS ground monitoring personnel were located north and
northeast of SGZ. Four were stationed onsite and four were off-
site along Highway 25 from Hancock Summit to Warm Springs. One
of these monitors later checked along Highway 6 from Warm Springs
to Clark Station. No radiation intensities above background were
measured by any ground monitors in the offsite areas.

Six milk samples were collected following this event. Each
milk sample was counted for 40 minutes using a 400-channel ana-
lyzer viewing an energy range from 0 to 2 MeV. No radioiodines
were detected in these samples. Chemical analyses indicated that
strontium isotopes were all below 20 pCi/l.

Vegetation samples were collected in the projected effluent
trajectory to detect any deposition on the ground. They also
were obtained at most milk sampling locations, with an effort
made to take samples representative of the cows' feed. Twenty-
seven vegetation samples were collected from offsite locations
and analyzed for gamma emitting isotopes. Only one sample, col-
lected at Battle Mountain, Nevada, on 7 March, showed the pres-
ence of fresh fission products (iodine-131 and iodine-133).

One water sample was collected from a stock tank at Nyala,
Nevada, on 7 March. Another sample was collected at Nyala and a
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sample was obtained at Twin Springs Ranch on 8 March. None of
these samples contained fresh fission products.

Small (less than 1 to 81 picocuries per m3) amounts of ra-
dioiodine isotopes were found on filter media from thirteen off-

site air sampling stations.
3.4.2 Tunnel Reentry

The ventilation blowers were restarted on 17 March 1966. At
0945 hours on 24 March, a work party accompanied by a Radsafe
monjtor entered the area to remove the gate from the tunnel por-
tal. The gate was removed at 1100 hours and miners hegan hooking
up the vent line to the main blowers.

On 6 April 1966 at 1225 hours, the reentry team entered the
tunnel which was found to be blocked by debris approximately
2,500 feet in from the portal. Bioassay samples were taken from
reentry personnel before and after tunnel entry.

On 7 April at 1000 hours, a party entered to perform explo-
sive mixture checks of tunnel air before the work party entered.
They entered as far as the MADISON drift turnoff, noting signifi-
cant amounts of debris, but no toxic gas or explosive mixtures.
Because of problems with the MADISON fan generator, no reentries
were made for the remainder of the day.

Reentry mining and debris removal continued until the
MADISON drift was reentered on 9 May 1966 from 1330 hours to 1530
hours. At this time, a decision was made not to mine through the
main drift but to drive a parallel bypass drift from the MADISON
drift toward the Deep Well drift. Work on the bypass drift began
on 27 April at 1330 hours. On 29 June 1966 reentry teams reen-
tered the main drift through a crossover from the bypass drift.
Contact readings of 7 R/h were recorded in the main drift. DOD
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photo team, SC inspection party, and visitor party personnel en-
tered the main drift from 1530 to 1615 hours. Upon their exit
the entrance to the crossover drift was barricaded.

3.4.3 1Industrial Safety

Checks were made on each shift for radiation levels, toxic
gases, and explosive mixtures. These measurements were then
recorded in the monitors' log book. Maximum industrial hygiene
readings for the RED HOT event were:

1. 70,000 ppm CO in the cavity above the "Y" in the tunnel
on 26 April 1966.

2. 100 percent of the LEL in the main drift on 19 April
1966.

3. 10 ppm NO + NO2 at the reentry mining face on 19 May
1966.

Industrial safety <codes, including specific codes for
mining, tunneling, and drilling were established by REECo and
were emphasized during all operations.

3.4.4 Postevent Drilling Activities

On 30 April 1966 at 2230 hours, drillback from the top of
Rainier Mesa into the RED HOT cavity began. The abandonment
valve was closed after completion of the drillback operation on 3
May 1966 at 1545 hours. No core samples with sufficient activity
for radiochemical analyses were obtained.

Later in the day on 30 April, DOD had a blower hooked onto
the abandonment valve so that air could be removed from the
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cavity, thus reducing pressure in the cavity. Cavity ventilation
was conducted through 5 May 1966.

3.5 RESULTS AND CONCLUSIONS

Telemetry coverage began at 1015 hours on 5 March 1966 and
continued until 1500 hours on 13 April 1966. Maximum measure-
ments underground and on the surface were:

Greater than 1,000 R/h at Station 5+00 (500 feet inside
MADISON drift) at 1205 hours on 5 March 1966.

200 R/h at surface station 161 degrees azimuth 439 feet from
the portal at 1034 hours on 5 March 1966.

The initial reentry survey began at 1111 hours and ended at
1153 hours on 5 March 1966. The maximum measurement of 7 R/h was
at the rope fence around the portal area at 1151 hours on 5 March
1966.

Postevent mining began on 6 April 1966 at 1255 hours. Mining
and recovery operations were completed on 26 July 1966.

Surface drillback into the RED HOT cavity began at 2230
hours on 30 April 1966 and was completed at 1545 hours on 3 May
1966. The maximum radiation measurement was 10 mR/h on the drill
platform at 1535 hours on 3 May 1966.

The highest alpha radiation measurement was 3,500 cpm at
1430 hours at the Radsafe alcove on 29 June 1966.

No radiation intensities above background were measured in

offsite areas by ground monitors, dose rate recorders, or film
badges. Small amounts of radioiodines were found on filter media
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from 13 offsite air sampling stations. No fresh fission products
were found in milk or water samples taken.

Personnel exposures received during individual entries to
RED HOT radex areas from 5 March 1966 through 26 July 1966 are
summarized below. Average exposures are from self-reading pocket
dosimeters as recorded on Area Access Registers., Maximum expo-
sures are from film dosimeter records.

Maximum Average
No. of Entries Exposure Exposure
Logged (mR) (mR)
All Participants 3921 740 16
DOD Participants 140 80 19

It was the opinion of the PHS that no health hazard in the
offsite area was produced by the RED HOT event.
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CHAPTER 4

PIN STRIPE EVENT

4.1 EVENT SUMMARY

PIN STRIPE was a DOD underground detonation with a yield of
less than 20 kt conducted at 1133 hours Pacific Daylight Time
(PDT) on 25 April 1966 at shaft site Ullb in Area 11 of NTS. The
device was emplaced in a mined shaft at a depth of approximately
970 feet. The event was conducted to study the effects of a nu-
clear detonation environment on equipment and materials. An LOS
pipe with a maximum diameter of 36 inches extended to the surface

as part of the study.

Venting began one minute after detonation and continued
until cavity collapse occurred approximately five minutes after
detonation. Seepage from the SGZ area began seven hours after
detonation and continued until 28 hours after detonation. Venting
was not through the LOS pipe or shaft stemming but through an un-
anticipated geologic fissure. Radioactive effluent from this
event was detected both onsite and offsite. These occurrences are
discussed in greater detail in section 4.3. The event was fielded
for the NDOD by Sandia Laboratory, which was responsible for fur-
nishing, emplacing, and detonating the PIN STRIPE device. Four-
teen projects were conducted by the DOD, laboratories, and con-

tractors.

4.2 PREEVENT ACTIVITIES
4.2.1 Responsibilities

The DOD Test Group Director was responsible for safe conduct
of all PIN STRIPE project activities in Area 1ll. Responsibili-
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ties of AEC and AEC contractor personnel were in accordance with
established AEC/DOD agreements or were the subject of separate
action between Field Command, DASA, and the WNevada Operations
Office. The DOD was responsible for preevent installation and
postevent removal of equipment necessary for their project activ-
ities.

4.2.2 Planning and Preparations

The "PIN STRIPE Reentry Plan" described preevent prepara-
tions and postevent procedures used to conduct safe and econom-
ical reentry and recovery within the desired time frame. In addi-
tion, Radsafe personnel were provided with "Detailed Initial Re-
entry Procedures" for reentry and recovery operations.

A. Construction and Experiment Readiness

Construction at the PIN STRIPE site started in October
1965 with preparation for shaft mining. Actual mining
commenced in November, and the shaft was completed in
early March 1966. 1Installation of cable troughs, sci-
entific cabling, trailer park, and preparation of the
mobile tower proceeded in parallel and was completed in
February 1966 (Figure 4.1). The main trailer park was
established 650 feet east of SGZ, 100 feet closer than
for WISHBONE and DILUTED WATERS (these events were de-
scribed in the first volume of this series), to save on
cabhle and decrease signal losses. Two trailers were more
heavily shock-mounted and placed 350 feet from SG7 to
allow recording of low level signals with little or no
amplification and low signal loss.

During this field construction phase, all experimenters
were completing fielding preparations and fabricating
their experiments. These activities were accomplished
at a relatively easy pace due to stretchout in the PIN
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STRIPE test schedule. Experimenters started arriving
onsite in late January 1966 to set up and check out
their instrumentation trailers and prepare experiments
for mounting on a mobile tower in February and March.

Early in the field installation phase, advantages of
electric motor-driven generators for furnishing iso-
lated, regulated, power to instrumentation trailers over
the previously used diesel-engine-driven generators were
considered. While motor generators offered better over-
all reliability, there was some question as to possible
difficult ground isolation and power losses during area
power outages before and just after zero time. The con-
troversy was settled when it became apparent that only a
very few motor-driven generators could be made avail-
able. Thus, most instrumentation trailers were powered
by the usual diesel generators while only a few, the
Harry Diamond Laboratories (HDL) trailers, were powered
by motor generators.

The line-of-sight (LOS) pipe and closure hardware were
delivered several pieces at a time during February and
March 1966 and were installed one section at a time
starting from the bottom of the shaft. This installa-
tion procedure was in contrast to installation of the
entire pipe string from the surface as had been done in
previous drilled-hole LOS pipe tests. Installation of
pipe sections and closure hardware into the shaft piece-
wise allowed continuing access to them until stemming
took place. Just prior to starting pipe installation it
was discovered that bolts to be used to fasten pipe sec-
tions together were of substandard quality (lacking in
tensile strength). Although no major problem was encoun-
tered, pipe installation and dry runs were delayed sev-
eral days while new bolts were procured.
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Signal dry runs began in late February for a planned
period of four weeks prior to the full power, full
frequency (FPFF) dry run. Several electrical leakage
paths between various signal cable shields and earth
ground were discovered and subsequently eliminated.

Once the LOS pipe was installed and checked out, walls
were removed from the tower sides and access was reduced
for safety reasons. The mobile tower was then moved to
its final position, straddling the pit from which the
top of the LOS p'ipe protruded. The cables leading from
the experiments back to the instrumentation trailers
were supported on scaffolding-type cable towers adjacent
to the test tower. Due to the movement of the tower and
scientific cables and the 1long intervening time since
the FPFF dry run, a mandatory participation dfy run was
held to once more check continuity and operation of the
entire experimental and electrical system.

Radiological Safety Support

Detailed radiological safety reentry plans were sub-
mitted to participating agencies prior to the test
event. Test area maps with appropriate reference points
were prepared. Reference markers, radiation decay re-
corders, and air sampling equipment were positioned in
the test area. Reentry routes into the test area were
established during "dry runs." Party monitors were
briefed regarding reentry, sample recovery, manned sta-
tions, and security station requirements.

Remote area monitoring stations and air sampling units
were installed according to DOD and laboratory specifi-
cations. Radsafe monitors were stationed at all WSI
security roadblocks and work areas within the exclusion
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area to perform surveys and provide other support as
directed.

Documenting any radioactive effluent release was the
primary mission of Radsafe personnel assigned to manned
stations., All additional personnel at manned stations
were provided with appropriate anticontamination cloth-
ing and equipment, and Radsafe monitors were in attend-

ance.

Radsafe provided monitoring teams and supervisory per-
sonnel for initial surface radiation surveys, aerial
surveys by helicopter, and reentry parties as needed.
Radsafe personnel were standing by at the FCP prior to
detonation ready to perform surveys and provide emer-
gency support as directed; provide and issue anticon-
tamination equipment, portable instruments, and dosim-
eters; operate area control check stations; and perform
gersonnel, equipment, and vehicle decontamination as

required.

Anticontamination materials available included cover-
alls, head covers, shoe covers, full-face masks, sup-
plied~-air breathing apparatus, plastic suits, gloves,
plastic bags, and masking tape.

Telemetry and Air Sampling Support

RAMS units were located as follows:

8 - underground stations

1l - SGZ
4 - 100 feet from SGZ at 90° intervals beginning at 45°
azimuth
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6 - approximately 500 feet from SGZ at varying degrees
azimuth
5 - approximately 710 feet from SGZ at varying degrees
azimuth
12 - 1,000 feet from SGZ at 30° intervals beginning at
15° azimuth
12 - 2,000 feet from SGZ at 30° intervals beginning at
0° azimuth

Security Coverage

Muster and control stations were established on D-day.
All personnel entering or exiting the controlled area
were required to stop at the muster or control stations
for issuance or return of their muster or stay-in bad-
ges. All personnel were required to have proper secu-
rity clearances for the area. Control of the area was
maintained by using roadblocks, access permits, and a
Schedule of Events. Parties could enter the controlled
area only with permission from the Test Manager or the
DOD Test Grour Director. WSI security guards were re-
sponsible for activating roadblocks and directing traf-
fic flow.

Air Support

The two PHS sampling aircraft were Vegas 8, a PHS twin
turboprop Beechcraft; and Vegas 2, a PHS twin-engine
Beechcraft C-45. Only Vegas 2 was used on this event
because the other twin-turboprop Beechcraft, Vegas 7,
was undergoing manufacturer's engine changes and struc-
tural modifications, The main sampling aircraft was
Vegas 8, which provided initial monitoring and sampling,
and also flew two trajectory missions--one on the day of
the event, and the other on the following day. Vegas 2
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was flown to obtain a gas sample four hours after the
event. The EG&G/NATS aircraft, a Martin 404, was on
standby at McCarran Airport in Las Vegas.

4.2.3 Late Preevent Activities

Final checks were made on all systems, and the test was
scheduled for 19 April. Unfavorable winds (both speed and direc-
tion) plagued the test for six days. Although an unsuccessful
attempt to execute on one other day (between 19 and 25 April) was
made, PIN STRIPE was not executed until 25 April.

4.3 FEVENT-DAY AND CONTINUING ACTIVITIES

The readiness briefing on 24 April initially scheduled the
test event for 1000 hours on the morning of 25 April. However,
undesirable wind direction and low wind speeds caused postpone-
ment at that time. NTS and PIN STRIPE surface wind criteria re-
quired a southerly wind of at least 5 knots (approximately 5.8
mph) to provide adequate fallout protection for the trailer park
as well as the rest of the test site, and to comply with the
Limited Nuclear Test Ban Treaty. The 30-minute countdown finally
began at 1108 hours. PIN STRIPE was detonated at 1138 hours PDT
with detonation time surface winds of 6 mph from 190° azimuth.

For about the first minute after detonation, all indications
were as expected; i.e., the ground heaved and some amount of dust
was thrown into the air. At H+l minute, the winches were started
to withdraw the mobile tower from the expected subsidence area.
At approximately the same time, effluent began to emerge from the
ground at a point some 150 feet southwest of SGZ. The point of
emergence lengthened into a line extending toward SGZ in a few
seconds and further away from SGZ a few tens of seconds later. A
gray cloud formed, growing until subsidence occurred. The subsi-
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dence crater was a maximum of only 14 feet deep and elliptical,
approximately 135 by 245 feet, elongated in the direction of the
surface crack from which the effluent emerged. Crater volume was
33,000 cubic yards.

The cloud rose to an altitude of about 2,000 feet over the
test area as it was blown by winds in a north-northeast direc-
tion. As planned for such an occurrence, winds did not take
effluent directly over the trailer park. However, significant
radiation exposure of trailers and recording equipment inside
them was caused by gamma shine from the radioactive material in
the cloud. Winds continued to blow the cloud over the north-
eastern portions of the NTS and offsite.

RAMS unit measurements of radiation levels in the trailer
park rose to 400 R/hour for 2 to 3 minutes. Radioactivity
decayed rapidly, until at about H+20 minutes, the readings had
decayed to 15 to 20 R/hour. Permission was granted by the Test
Manager at H+20 minutes to proceed with high priority data
recovery. The initial hazards survey party and priority film
recovery parties then departed the reentry assembly area with
instructions not to enter areas where the exposure rate was
greater than 17 R/hour. All high priority film recovery was
completed by H+35 minutes. The remainder of the film and
oscillograph paper was recovered by H+80 minutes.

Since very little radioactive material ‘was deposited in the
PIN STRIPE area, the radiation readings dropped fairly rapidly.
Crews had disassembled the mobile tower and prepared it for ex-
periment recovery by H+6 hours. Radiation dosimetry devices on
the tower were recovered and several experiment packages were re-
moved from the tower by H+7-1/2 hours.
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4.3.1 Cloud Tracking and Sampling, and Offsite Monitoring

The effluent cloud rose to about 5,500 feet MSL within 9
minutes after detonation, and to 10,500 feet MSL by one hour
after detonation with a north-northeast trajectory. After
approximately three hours travel time at about 10 miles per hour,
it turned easterly and began to spread out. By the time the
cloud had traveled about 90 miles with increasing speed (to near
20 miles per hour), the cloud front extended approximately 90
miles.,

PHS provided aerial sampling and measurements for the PIN
STRIPE event. Also, AFTAC, Nevada Aerial Tracking System (NATS),
and Aerial Radiation Monitoring bystem (ARMS) aircraft tracked
and sampled the cloud during the night. The two PHS sampling
aircraft were Vegas 8, a PHS twin-turboprop Beechcraft, and Vegas
2, a PHS twin-engine Beechcraft C-45. Vegas 8 provided initial
monitoring and sampling, and also flew two trajectory missions--
one on the day of the event and the other on the following day.
Vegas 2 was flown to obtain a gas sample four hours after the

event.

Shortly after the event, Vegas 8 began overflying the cloud
to determine radiation levels and trajectory. On the basis of
the levels of activity, it was decided to wait until H+1l hour
before entering the cloud. Vegas 8 then entered the cloud path
to obtain information on the size and shape of the release and to
collect samples for subsequent laboratory analysis. After close-
in cloud characterization, trajectory flights were made to deter-

mine the path taken by the release.

Prior to the start of sampling, the direction of the visible
cloud was noted and a circuit of the cloud was flown to obtain an
estimate of size and shape. A sampling pattern was set up across
the projected cloud trajectory and was flown repeatedly while
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sampling. A sampling altitude was selected by visually examining
the cloud rather than during a vertical penetration so as not to
unduly contaminate the aircraft before beginning sampling. After
collecting samples and data on cloud size, two spiral descents
were made through the cloud to determine the vertical distribu-
tion of activity.

The first trajectory flight served mostly to determine the
rate of dispersion and decay in concentration of activity to aid
in planning for the next day. This flight consisted of two legs
across the cloud position as reported by the NATS aircraft.

The sampling path for cloud quantitation was established
initially between the south end of Papoose Lake and Camera Sta-
tion Butte in Area 3. Cloud arrival time at Papoose Lake was 1240
hours, establishing the average speed at 10 miles per hour.

Clearance was requested for Vegas 8 to enter the Bombing and
Gunnery Range and was received at 1309 hours. The cloud at that
time was traveling at about 29° from SGZ, was 12 miles wide, and
8 miles long.

The end view of the visible cloud at 1220 hours was similar
to the view shown in Figure 4.2, It was because of this saddle
that sampling was performed at 7500 feet MSL in order to remain
in the main body of the cloud.

Four sets of six sequential samples were collected during
passage through the cloud. Since the cloud was wider than
anticipated, the first two sets of sequential samples covered
only about one-~half of the cloud width. The last two essentially

spanned the cloud.

Two additional sequential sample sets were collected during
spiral descents through the cloud over the pass seven miles
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DASHED LINE INDICATES CLOUD TO SAME SCALE AS THE BASE,
SOLID LINE INDICATES AN EXAGGERATED VERTICAL SCALE.

Figure 4.2 End View of Cloud at 1220 Hours - Looking North
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northeast of Groom Lake. On the basis of information from the
other aircraft, the first descent began at 15,000 feet MSL at
1348 hours at a planned rate of descent of 2,000 feet per minute
with 45-second sampling intervals. Once the descent started, the
press of radio communications made it impossible for the pilot to
maintain this rate, and the sixth sample was completed at 9,100
feet MSL. However, the cloud top was located at 11,800 feet MSL.
A second descent was made from 13,200 feet MSL at a rate of 1,000
feet per minute with one-minute sampling intervals.

Vegas 2 was the gas sampling aircraft. It had an elevator-
type platform that was lowered to approximately five feet below
the aircraft with five sampling probes mounted on the platform.
Tubing conducted the air sample into the airplane with sweeping
"S" bends to the cryogenic sampler, which was the only sampling
equipment used in Vegas 2.

Vegas 2 was called in to collect a cryogenic sample and met
Vegas 8 in the vicinity of the spiral descents. Sampling began at
1504 hours near Highway 25 west of Hancock Summit, and continued
until 1606 hours. Low levels of activity prevented cloud edge
measurement which, in turn, precluded cloud volume calculation

for this mission. B

Vegas 8 was washed with water and detergent to reduce low
level contamination and detection instrument background. It then
flew a cloud trajectory mission between 1805 and 2030 hours.
Shortly after takeoff the power inverter supplying the sensitive
detection systems failed. Information from NATS at 1825 hours in-
dicated cloud activity from Caliente to north of Pioche.

Between 1913 and 1925 hours, a set of sequential samples was
collected from 37 miles north of Pioche to Pioche at 13,000 feet
MSL. A second set of samples was collected between 1940 and 2004
hours from Pioche to 72 miles south.
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Vegas 8 again departed on 26 April, still without the use of
permanently-installed detection systems. It was hoped that on-
board beta counting of the collected samples would enable the
crew to locate the cloud. However, the low levels of activity
and high background prevented this. The two-inch diameter in-
terval samples were collected for consecutive ten-minute periods
along the flight path at 13,000 feet MSL. Laboratory counting of
samples collected on this flight indicated the possibility of
some activity over Utah, hut with positive contact from between
Grand Junction and Meeker to just south of the Colorado border.

The PHS-NV extended milk sampling network was placed in op-
eration tliroughout Utah, Colorado, Wyoming, and southern Idaho.
Also, the extended air sampling network was fully alerted. A
peak radiation reading of 8 mR/h was recorded about 14 miles east
of Coyote Summit, NV (about 50 miles from SGZ). This reading de-
creased to 2 mR/h within 30 minutes after the peak reading. The
cloud transport speed was approximately 10-15 knots. 1Indications
were that the cloud was dispersing.

The NATS plane had a positive contact with the cloud on 26
April with the cloud approximately 300 miles due east of NTS;
airborne readings registered from two to ten times background.
The air mass containing effluent also was located on 26 April
over an area extending from southern Wyoming south to south-
western Kansas. The cloud mass appeared to be dispersing, and
there was evidence that its radioactive content was being dif-
fused., The last positive aerial contact made by the ARMS air-
craft was on 26 April at the southeastern Colorado border late in
the afternoon.

Vegas 8 intercepted the cloud between Denver and Pueblo,
Colorado at approximately 1230 hours 26 April, at 14,000 feet
MSL. The air mass had shifted to the north and was located
between central Minnesota and central Kansas. Rain showers were
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encountered by the cloud in its passage. The rain and snow in
North Dakota, Minnesota, and Kansas had a leaching effect on any
effluent still present in the air mass. PHS, NATS, ARMS, and
USAF aircraft continued to track the air mass until no further
positive identification could be made that day.

During daylight hours of 27 April, the NATS aircraft flew a
pattern from Wichita, Kansas, north to International Falls, Min-
nesota and returned to Minneapolis, Minnesota. The last positive
contact with airborne radioactivity was at 13,000 feet MSL over
Pawnee City, Nebraska, about 1320 hours EDT. The NATS mission was
terminated in Minneapolis at approximately 1800 hours Eastern
Daylight Time (EDT), on 27 April. During the flight, extreme
turbulence (as well as snow and rain) was encountered. The NATS
aircraft later returned to Nevada. The ARMS aircraft was grounded
at Scottsbluff, Nebraska, because of high winds.

The highest radiation level in a populated area near NTS was
1.45 mR/h at Hiko, Nevada, at 1600 hours PDT on 25 April. The 8
mR/h level at Coyote Summit was in an unpopulated area.

External exposure rates at Hiko were well below levels of
concern, resulting in a calculated maximum whole-body exposure of
12 mR compared to the 500 mR per year offsite indivi~ 1l whole-
body exposure guide (see Appendix D). Although internal expo-
sures were expected to be low, precautionary measures were taken
to minimize radioiodine doses to the thyroid through the milk
chain (possible through fallout on feed for dairy cows).

Arrangements were made for 134 dairy cows at one Hiko dairy
to be placed on dry feed (hay). This was implemented following
the afternoon milking on 27 April. Also, a mobile thyroid count-
ing trailer was moved from PHS-NV to the Alamo-Hiko, Nevada, area
on 27 April,
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From 27 through 30 April, thyroids of 78 adults and children
from surrounding towns were measured for radioiodines. Based on
these measurements, the projected thyroid doses averaged about 50
mrem, with two persons receiving thyroid doses in the range of
150 to 300 mrem. For comparison, the offsite individual thyroid
exposure guide established by AEC Headquarters was 1500 mrem per

year.

Milk samples collected and analyzed by the PHS network for
Wyoming, Utah, and Colorado showed no detectable radioiodine
except for samples collected near Provo, Utah. These samples
showed small amounts of iodine-131. Subsequent sample results
indicated background levels within two days for this area.

4.3.2 Radiation Surveys and Reentry Activities

The PIN STRIPE initial radiation survey began at 1213 hours
and was completed at 1223 hours on 25 April 1966. Readings are
shown in Table 4.1. Additional surveys of the test area were
continued until 2400 hours and are shown in Table 4.2,

All survey data were reported, as collected, to the net 3

radio control operator.

Radsafe personnel were stationed at the DOD Test Group
Director's FCP to perform initial and subsequent ground surveys
as required; provide emergency rescue and support as directed;
provide and issue anticontamination equipment, portable instru-
ments, and dosimetric devices; perform personnel, equipment, and
vehicle decontamination; and operate a sample return station. A
mobile facility for issue of anticontamination equipment, por-
table instruments, and dosimetric devices was positioned at the
FCP along with a mobile decontamination unit.
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TABLE 4.1
PIN STRIPE EVENT

INITIAL RADIATION SURVEY DATA
25 April 1966

Gamma Exposure Rate

Time Location (from SGZ) (mR/h)

1213 Stake UESF (1 mile SW) 0.6
1215 Ullb equipment yard 70.0
1215 Stake Ul1B4 (1/2 mile SE) 80.0
1216 Trailer Compound 5,000.0
1218 10 feet east of tower 17,000.0%
1221 Stake 5C35 (1/4 mile SW) 1,700.0
1223 100 yards from SE perimeter 7,000.0

*This exposure rate was measured at contact with the ground, and
was not a personnel exposure rate.

112



TABLE 4.2
PIN STRIPE EVENT
RADIATION SURVEY DATA
25 April 1966

Gamma Exposure Rate

Time Location (from SGZ) (mR/h)
1614 Stake 5C20 (3-1/4 miles SW) 12.0
1626 Stake 5C25 (2-1/4 miles SW) 80.0
1633 Stake 5C29 (1-1/2 miles SW) 120.0
1633 Stake 5C29 (1-1/2 miles SW) 250.0*
1643 Stake 5C33 (3/4 mile SW) 55.0
1646 Stake 5C36 (SG2Z) 6.5
1658 Stake 5C42 (1-1/2 miles SE) 2,0
1719 Stake 5C51 (2-1/2 miles NE) 1.4
1719 Stake 5CS51 (2-1/2 miles NE) 1.5*
1743 Stake 5C42 (1-1/2 miles SE) 1.1
1745 Stake 5C36 (SGZ) 4.0
1759 Stake 5C33 (3/4 mile SW) 35.5
1807 Stake 5C29 (1-1/2 miles SW) 85.0
1817 Stake 5C25 (2-1/4 miles SW) 50.0
1826 Stake 5C20 (3-1/4 miles SW) 8.0
2200 Security Station 256-C 5.0
2320 Security Station 256-C 2,5
2400 Security Station 256-C 0.2

*Contact reading
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Decontamination units were positioned at entrances to con-
trolled areas. Personnel and equipment were monitored and decon-
taminated as necessary. Drill rigs and associated equipment used
in postevent activities also were monitored and decontaminated as

necessary.

Each area and all contaminated and radioactive materials
were marked to indicate radiation levels present. Personnel
entering radiation areas or working with contaminated material
were briefed concerning potential exposure and safety precau-
tions, and were provided with anticontamination clothing, equip-

ment, and materials.

4.4 POSTEVENT ACTIVITIES
4.4.1 Subsidence Crater Reentry

From approximately 1620 hours to 1635 hours on 11 May 1966,
reentry party personnel dressed in anticontamination clothing for
entry into the crater area. Each person was issued one 200 mR and
one 1 R pocket dosimeter in addition to one Victoreen Radector
radiation detection instrument. Acme full-face masks and MSA
masks were readied and placed in a large plastic bag to be issued
at the crater site if there was an indication of escaping gases
or airborne dust particles. The party then traveled to the for-
ward security barricade (located on the access road at the east
side of the trailer compound), and subsequently was cleared into
the area at 1645 hours.

The party entered the crater area inside the perimeter fence
from the west and proceeded to the west side of the crater (1 R/h
gamma field) (Figure 4.3). Then the party walked the crater edge
to the fissure area on the south side of the crater (exposure
rate varied from 1 R/h gamma to a maximum of 5 R/h gamma at three
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feet above ground, and 15 R/h gamma contact). This survey was
completed in three to four minutes. The party entered the crater
area from the south side and walked to the shaft area where they
spent three to four minutes. They exited the crater at approxi-
mately 1705 hours. Upon arrival at the vehicles, shoe covers,
hoods, and gloves were removed, This was to avoid contamination
of vehicles. The party exited the area at 1715 hours.

Upon arrival at the Radsafe facility, the entry party per-
sonnel undressed, were monitored, were decontaminated as neces-
sary, and had film badges exchanged. The average exposure reading
per pocket dosimeter was 155 mR. Vehicles were surveyed and per-
sonnel exited the area.

4.4.2 Postevent Drilling

The postevent drill rig and crew arrived at the drill site
and began setting up on 14 July. Between 18 July and 28 July
1966, continuous drilling problems were experienced. As a result
of the problems the operation was suspended, the rig dismantled
and decontaminated, and the cap welded on the hole by 2030 hours
on 28 July 1966. The maximum radiation reading recorded during
postevent drilling activities was 100 mR/h in the cellar at 0040
hours on 17 July 1966.

4.4.3 Industrial Safety
Toxic gas levels and explosive mixtures were monitored fre-
quently. Industrial safety codes, including specific codes for

mining, tunneling, and drilling were established by REECo and

were emphasized during all operations.
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4.5 RESULTS AND CONCLUSIONS

The maximum telemetry reading was greater than 1,000 R/h at
a station 100 feet from SGZ on 25 April 1966 at 1139 hours. The
initial survey began at 1213 hours and was completed at 1223
hours on 25 April 1966. The maximum gamma reading was 17 R/h
(ground contact) 10 feet east of the tower at 1218 hours on 25
April 1966. No alpha radiation was detected.

Postevent drilling began during day shift on 14 July 1966,
and the rig was dismantled and equipment removed on 28 July 1966.
The maximum gamma exposure rate detected was 100 mR/h in the
cellar at 0040 hours on 17 July 1966. No alpha radiation was
detected.

Personnel exposures received during individual entries to
PIN STRIPE radex areas from 25 April 1966 to 1 August 1966 are
summarized below. Average exposures are from self-reading pocket
dosimeters as recorded on Area Access Registers. Maximum expo-
sures are from film dosimeter records.

Maximum Average

No. of Entries Exposure Exposure
L.ogged (mR) (mR)
All Participants 1873 835 48
DOD Participants 185 215 102

Radioactivity from the PIN STRIPE event was detected off-
site. Calculated external and internal exposures at the offsite
populated area with the highest exposure rates were less than AEC
Chapter 0524 offsite exposure guides.
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CHAPTER 5

DISCUS THROWER EVENT

5.1 EVENT SUMMARY

The DTYSCUS THROWER event was a DOD underground detonation
with a yield of 22 kt conducted at 1300 hours PDT on 27 May 1966
at shaft site UBa in Area 8 of the NTS. The device was emplaced
in a 36~-inch diameter shaft at a depth of 1,105 feet, and a short
distance above an interface between two rock formations. The
event was conducted to study ground shock transmission and char-
acteristics in this type of geologic structure. The primary pro-
ject consisted of 13 inst.umented drill holes spaced at intervals
in a line out to about 4,000 feet from the emplacement hole.
Fourteen projects were conducted by DOD agencies and contractors.
A subsidence crater formed 53 minutes after detonation. No ra-
dioactive effluent from this event was detected onsite or off-

site,

5.2 PREEVENT ACTIVITIES
5.2.1 Responsibilities

The DOD Test Group Director was responsible for the safe
conduct of all DISCUS THROWER project activities in Area 8.
Responsibilities of AEC and AEC contractor personnel were in
accordance with established AEC/DOD agreements or were the
subject of separate action between Field Command, DASA, and the
AECT Nevada Operations Office. LASL was responsible for furnish-
ing, emplacing, and detonating the DISCUS THROWER device. The
DOD was responsible for preevent installation and postevent re-
moval of equipment necessary for their project activities,
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5.2.2 Planning and Preparations

The

"DISCUS THROWER Reentry Plan" described preevent prepa-

rations and postevent procedures used to conduct a safe and eco-
nomical reentry within the desired time frame.

A.

Construction and Test Readiness

The experimental layout was completed by 31 March 1966,
except for Hole No. 13, which was added in late April.
The full power full frequency dry run was held on 16 May
1966, and the device was placed downhole on 23 May 1966.
Except for several power outage problems beyond experi-
menter control, all systems functioned satisfactorily
during the dry runs.

Radiological Safety Support

Detailed radiological safety reentry plans were submit-
ted to participating agencies prior to the test event.
Test area maps with appropriate reference points were
prepared. Reference markers, radiation decay recorders,
and air sampling equipment were positioned in the test
area. Reentry routes into the test area were estab-
lished during "dry runs." Party monitors were briefed
regarding reentry, sample recovery, manned stations, and
security station requirements.

Radsafe pgovided monitoring teams and supervisory per-
sonnel for initial surface radiation surveys, aerial
surveys by helicopter, and reentry parties as needed.
Radsafe personnel were standing by at the FCP prior to
detonation to perform surveys and provide emergency sup-
port as directed; provide and issue anticontamination
equipment, portable instruments and dosimeters; operate
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area control check stations; and perform personnel,
equipment, and vehicle decontamination as required.

Radsafe manned stations had as a primary mission the
documentation of any radioactive effluent released. All
personnel at other manned stations were provided with
appropriate anticontamination clothing and equipment,
and Radsafe monitors were in attendance. Radsafe moni-
tors were stationed at all WSI security roadblocks and
work areas within the exclusion area to perform surveys
and provide support as directed.

Anticontamination materials available included cover-
alls, head covers, shoe covers, full-face masks, sup-
plied-air breathing apparatus, plastic suits, gloves,
plastic bags, and masking tape.

Sufficient Radsafe personnel were standing by at the FCP
to implement rescue and emergency support, and to pro-
vide radiological area control as exclusion areas were
estahlished based upon reported survey data.

A mobile issue facility for anticontamination clothing,
respiratory devices, instruments, and dosimetric devices
was positioned prior to the event at the security barri-
cade near the FCP. When authorized by the Test Group
Director, this facility was repositioned to a convenient
location. A personnel and vehicle decontamination faci-
lity was established adjacent to the mobile issue faci-

lity.

Telemetry and Air Sampling Support

All remote area monitoring stations and air sampling
units were installed according to DOD and LASL speci-
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fications. Twenty-nine remote area monitoring system
units were located as follows:

- Near SGZ

- 90 feet from SGZ at 0° Azimuth

- 50 feet from SGZ at 180° Azimuth

120 feet from SGZ at 180° Azimuth

- 4,800 feet (trailer park) from SGZ at 180° Azimuth

- 30° intervals on the 1,000-foot arc beginning at
15° Azimuth

12 - 30° intervals on the 2,000-foot arc beginninag at 0°

Azimuth

I I T
[}

All telemetry stations remained active until the DOD
Test Group Director requested their deactivation.

Air sampling units with radiation detector recorders
were in operation at zero time on the 2,000-foot arc at

30° intervals beginning at 15°.

Security Coverage

Muster and control stations were established on D-day.
Stations were established at the intersection of Orange
and Area 12 roads, Gate 700, and at manned stations. All
personnel entering or exiting the controlled area were
required to stop at muster or control stations for issu-
ance or return of their muster or stay-in badges. All
personnel were required to have proper security clear-
ances for the area. Area control was maintained using
roadblocks, access authorizations, and a Schedule of
Events. Parties could enter the controlled area only if
they were listed on the Test Manager's Schedule of
Events or with the permission of the Test Group Direc-
tor. WSI security guards were responsible for acti-
vating roadhlocks to direct traffic flow.
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E. Air Support

Two Air Force aircraft were required to support DOD
documentry photography projects. A UH-43D helicopter
from Indian Springs AFB, Nevada, was utilized for still
aerial photography and a U-6A fixed wing aircraft was
used for motion aerial photography of the area around
SGZ at zero time in order to document surface effects
and effluent release, if any. The PHS used a U-3A air-
craft for cloud tracking.

On standby, in the event they were needed were a UH-43D
helicopter at CP-1 for use as needed by the Test Man-
ager, a Martin 404 (NATS) aircraft for cloud tracking to
be conducted by EG&G, and a C-45 aircraft for cloud sam~
pling to be performed by PHS. A Cessna 206 was utilized
by American Aerial Survey (AAS) for the postevent aerial
survey.

5.2.3 Late Preevent Activities

On 26 May, 14 DOD/DASA personnel were in the trailer park
near SGZ for final preparations. In addition, one DOD person was
in the trailer park to check photo equipment. Three Air Force
Weapons Laboratory (AFWL) personnel installed magnetic recording
tape. Nine SC personnel made a final check of the recording
equipment at the recording trailer park and five SC personnel
made checks of the RAMS and air samplers in the trailer park near
SGZ. Seven Waterways Experiment Station (WES) personnel made fi-
nal adjustments at the trailer park and two WES people checked
the equipment in hole No. 13, fifty feet northwest of SGZ. Four
U.S. Coast & Geodetic Survey (USC&GS) personnel installed seismic
equipment in Areas 2, 4 and 8. Four EG&G personnel checked the
photo equipment at photo stations 1 and 2.
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5.3 EVENT-DAY ACTIVITIES

On 27 May from 0001 hours to three hours before scheduled
device detonation, DOD/DASA personnel were at the trailer park
near SGZ for final preparations and to check the photo equipment.
USC&GS made final adjustments to the seismic equipment in Areas
2, 4 and 8. During this same time period Radsafe personnel
started the air sampling trailers and AFWL personnel made final
instrument checks.

EG&G photo personnel loaded the cameras and activated equip-
ment at stations 1 and 2. SC personnel made final adjustments at
the trailer park, adjusted geophones, and checked RAMS and air
samplers in the trailer park.

At 0100 hours WSI made the first security sweep of the area
in a U-6A aircraft. At approximately 0121 hours the second secu-
rity sweep was begun, and it was completed at 0307 hours.

From 0800 hours to 1230 hours USAF and security personnel
made sweeps of the closed area.

A Test Manager's readiness briefing was held at approxi-
mately 0900 hours. At this time, permission was granted to arm

the device.
The UH-43D photo helicopter was in position at 1005 hours.

Due to a power failure at CP~1 at 1018 hours, the arming
party was authorized to reenter the area at 1030 hours. At 1200
hours, after the power failure problem was solved, permission was
granted for the device to be rearmed, and by 1206 hours the de-
vice was again armed and the arming party was on their way out of

the area.

The required countdown began on radio nets 1, 2, 6, and 8.
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Ten minutes before device detonation the siren on the CP-1 build-
ing ran for 30 seconds, and the red lights on top of the building
were turned on until after device detonation.

DISCUS THROWER zero time was 1300 hours PDT on 27 May 1966.

Reentry into the area was authorized at 1400 hours, and the
postevent aerial survey was authorized to begin at approximately
1450 hours.,

5.3.1 Radiation Surveys and Reentry Activities

The initial radiation survey began at 1403 hours and was
completed at 1510 hours by Radsafe monitoring personnel. All sur-
vey data were reported to the net 3 radio control operator when
measurements were made. No readings above "background" were de-
tected.

D-day experiment recoveries were performed by LMAFS, DNA,
AFWL, SC, WES, USC&GS, and EG&G personnel., Only background
radiation readings were recorded.

Air samplers on the 2,000-foot arc remained in continuous
sampling mode, and filters were collected every four hours after
the initial pickup until it was determined that there was no re-

lease, at which time the sampler filters were collected every

eight hours.

5.4 POSTEVENT ACTIVITIES
5.4.1 Postevent Drilling

An Ideco 40 drill rig designated PS-2D was set up and drill-
ing began at 1018 hours on 10 August 1966. After several attempts
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to clear an obstruction and continue drilling, a decision was
made at 1455 hours to cease work on PS-2D and move to PS-1D.

The Ideco 40 was moved to PS-1D and drilling began on 11
August at 0455 hours. Drilling continued until approximately 1100
hours on 12 August when the decision to abandon PS-1D was made.
PS-1D surface casing was capped at 1335 hours.

A Boyles (angle) drill rig had been brought into the area on
11 August, necessary preparations were made, and it began drill-
ing at 1204 hours on 15 August. This drilling operation was des-
ignated PS-1A. Drilling and core sampling continued through 0140
hours on 18 August. A total of seventeen core samples were pulled
with a maximum contact radiation intensity of 300 mR/h for a

single core sample.

The maximum radiation exposure rate to personnel was 5 mR/h
when the PS~-2D blowout preventer was removed at 1030 hours on 18
August 1966.

During postevent drilling, the area and all contaminated or
radioactive materials were marked to indicate radiation levels
present. Personnel entering radiation areas or working with con-
taminated material were briefed concerning potential exposure and
safety precautions and were provided with anticontamination

clothing, equipment, and materials.

Decontamination units were positioned at entrances to con-
trolled areas. Personnel and equipment were monitored and decon-
taminated as necessary. Drill rigs and associated equipment used
in postevent activities also were monitored and decontaminated,

if necessary.
5.4.2 1Industrial Safety

Checks were made on each shift for radiation levels, toxic
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gases, and explosive mixtures. These measurements were then re-
corded in the monitors' log book. 1Industrial safety codes for
mining, tunneling, and drilling were established by REECo and
emphasized during all operations,

5.5 RESULTS AND CONCLUSIONS

Telemetry coverage began at 1301 hours on 27 May 1966 and
ended at 1600 hours on 1 June.

The remote air sampling array placed around U8a was opera-
tive from 0100 hours 27 May until 1500 hours 29 May. Analysis of
samples collected indicated no radiocactivity which reasonably
could be attrihuted to this event.

The initial reentry survey was conducted from 1403 hours to
1510 hours on 27 May. Only background radiation readings were
obtained.

Postevent drilling began at 1018 hours on 10 August and w