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- FOREWARD

This report has had classified material removed in order to
make the information available on an unclassified, open publication
basis, to any interested parties. This effort to declassify this
report has been accomplished specifically to support the Department
of Defense Nuclear Test Personnel Review (NIPR) Program. The
objective is to facilitate studies of the low levels of radiation
received by some individuals during the atmospheric nuclear test
program by making as much information as possible available to all
interested parties.

This report has been reproduced directly from available
copies of the original material. The locations from which
material has been deleted is generally obvious by the spacings
and "holes" in the text. Thus, the context of the material
deleted is identified to assist the reader in the determination
of whether the deleted information is germane to his study.
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FOREWARD

The Test Manager's report, was prepared under the supervision of the
Director Nevada Operation Division, Office of Test Operations,
Albuquergue Operations, Atomic Energy Commission, in coordination with
cognizant government agencies and contractors of the AEC. It preseats
a summary of the 1957 nuclear weapons tests conducted at the Nevada
Test Site, entitled '‘Operation Plumbbob.’' Pre-operational planning
involved the use of the code name ‘ 'Operation Pilgrim.*’ This designation
was changed to ‘‘Operation Plumbbaob.'' All references to ‘'Pilgrim’’
therefore apply to ‘‘Plumbbob.'’

Preparation of the report has been guided by two objectives; first,
that it may be utilized as a reference by those who are concerned with
the planning, or authorization of the operation,and secondly, that it
will serve as planning guide for future continental test operations.

The official ‘‘Operation Plumbbob’' period, March L5, 1957, to October
12, 1957, isdiscussed from a logistical and management viewpoint only.
Information relative to pre-operational planning is included to permit
an understanding of the scope of operational and logistical problems.
Scientific data associated with the phenomena of devices detonated
during the series will be found in the various technical documents
listed in the references to this report, or available from the
participating agencies.

In general, major recommendations for improved organization or method-
ology have been summarized. Technical papers supporting recommendations
are, inmany instances, receiving further staff analysis and coordination,
They will be considered in planning future on-continent nuclear weapons
tests, or, if pertinent, be considered in the planning for weapons
tests to be conducted at the Eniwetok Proving Ground.

James E. Reeves, Test Manager
Nevada Test Organization
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PART I

SCIENTIFIC ACCOUMT




PART Iii

CHAPTER 1

OBJECTIVES

Purpuse

1.1 Operation Plumblob was designed to con-
duct expcrime‘nts concerned with the advance-
pent of the technical understanding of nuclear
and thermonuclear veapons, to test prototypes
and mockups of weapons, and to develop further
information on military and civil effects, in-
eluding studies of basic phenowenology of the
explosion. In addition to the basic purpose of
the operation, advantage was taken of deto-
nations to provide training for military and
civil effects groups under field conditions.

1.2 During the course of the operation test
techniques were developed which permit greater
flexibility in utifization of the Nevada Test
Site, the two major steps being the use of
captive balloons and the firing of a device
underground.

1.3 The weapons development program was di-
rected towards the following objectives:

To secure weapons of smaller size with a
greater delivery capabilit?.

To achieve a greater economy in the use of
active materials.

To continue development of weapons with a
high safety factor in handling, storage, and
delivery,

To secure basic information on higher yield

designs in devices and weapans which will
leter be tested in the Pacific,

Test Director's Comments

l.4 Amajor difficulty appeared in the beiin-
ning with users requesting a large number of
dry runs, Many of these were eliminated in the
course of the operation,

1.5 There were no major problems in housing
or vehicles.

l.6 The basic organization that was estabh-
lished for the Plurbbob Operation is consis-
tent with what all of the users desired. The
major strength for accomplishment of the tech-
nical measurements should and did reside with-
in the technical test groups. In some in-
stances additional staff support was regquired
and chtained.

1.7 ‘the construction and support contractors
met and in some cases exceeded schedules. In
the case of towers the fact that they were
ready, in some cases early, could not be _taken
full advantage of because of inflexibility in
some test groups with respect to taking ad-
vantage of the improved situation. '

1.8 Within the body of the Test Director’s
report are numerous, specific, detailed re-
commendations with respect to improving joint
operations in Nevada,
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CHAPTER 2

- SUMIAARY O

Advantenents

2.1 turing Plubbiol advanccacats were made in
furthering all of the te.r objectives. In se-
varal syste.  Swecr ~:ful tests [J'I'H'E':u?d data
shich perait the design of geapors with op-
timized investments in fuel.

._! Five safety tests were
conducted of weapons and devices. Some were
discovered to be safe as built and for others
sdequate data were obtained for the design of
safe systems.

Weapons Effects

2.2 The weapons effects program of the De-
partacnt of Defense was directed primarily to-
watd the stuldy of blast and shock phenomena,
s the response of structures in the over-
Pressure region above 50 psi. In addition, in-
‘"_mation was collected on induced radio-
sctivity, on electromagnetic signal generation
by the detonation, and on the propagation of
'lefll‘omagnetic radiation in the ionized
P§ion surrounding a detonation. Onme shot
fired in mountainous terrain lead to measure-
eMs of shock and blast effects under such
t::nlm:ns An pir-to-air delivery of a Mii-1
'Itiel with a nuclear warhead provided infor-
» on on. nuclear and blast inputs necessary
establish delivery criteria.

313 The principal effort in the study of
. o‘:“‘s:ht’cks was expended on the Priscilla
o o lccessful measurements were obtained
and ';:'k Overpressures from 970 psi downward
g r dvn.nmc pressures from 280 psi down-

. 'he first experimentsl confirmation was
of the expected sharp drop in dynamic
from the region of Mach to the reginn

"ltined
"“ure

C

RESULTS

of regular reflection. Studies of precursor
phenwazna revealed that Tower shielding may
ithibit the [ormation of a precarsor. Exten-
sive measturements of earth shock indused by
air blast and their effects were carried out.
Measured values of arcelerations agreed with
prediction in the first ten feet but Lhere
were disnrepancies in the next lower tweaty
feet, which may have resulted frowm anisotre-
pies in the soil. Vertical earth displacemnents
produced by the shock wave were measured and
typical values observed were 14 inches st 270
psi and 2 inches at 60 psi.

2.4 Terrain effects were determined on the
Smoky Event. The results may be summarized as
follows:

2.4.1 Overpressures on front slopes are
higher and en back slopes lower than for flat
terrain at the same distances.

2.4.2 Qverpressures on low, rolling terrain _
are higher than flat terrain pressures for
like ground distances; dynamic pressurcs are
lower.

2.4.3 Dynamic pressures on front slopes of
high-ridg=s are lower than flat terrain pres-
sures at corresponding distances and fall
sharply below flat terrain pressures on back
slopes.

2.4.4 'The wave forms on all front slopes have
a shorter rise time than the corresponding
wave forms on the flat terrain line. Wave
forms on back slopes are nearly ideal.

Nuclear iladiation Effects

2.5 The nuclear radiation effects measure-
ments were successful, indicating that neutron
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juduced soil aclivity is: a definite tartical
hazard at early times. The primary isotapes
shich add to the radiation field are Nn“,
it and ALB, The induced acbivity was oh-
gurved to be primarily generated by thermal
acutrons, but bhigher cnergy neulrons alse
contribnted. 1he effect of ‘increased moisture
«as 10 increase the intensity of Lhe fields,
Jltheugh the effeet is not as critical as had

bren uxpec Led.

2 & Prampt ncutron dosages were found Lo de-
pend strongly on weapons design and valuable
pwmrical results were obtained for scveral

Jrsll‘ﬂl.

2.7 Prom the initial gamna radiation measure-
ments, it was found that in the first five
second interval after detonation, the total
geuna radiation increased with altitude to 400
feet, where about 30% more was received than
would have been on the surface for the same
distance from the point of detunation,

Shielding

2.R lleasurements_of shielding afforded by
wnderground shelters yielded useful data on
shirlding factors in Lhe main structures and
calry ways, )

Structures

2.9 The rezults of the structures program
'_’-“’E sgtificant contributions to understand-
g loading ind response of surface and under-
wfend structures in the overpressure regions
thore 50 psi. Gemerally the underground struc-
Wires tested custained Jess dunage than pre-
“ted, from which it was concluded that the
heagn acs nptions upon which the slructures
Yefe constructed and analyzed were more con-
ftivative than necessary. It was shown that
“"""fl:round arch-type shelters are the most
*'flt.icnt. type and can be readily constructed
to .ithstand oierpressures up Lo 200 psi. For
thove surfuce structures, arch or dome types
tan e designed to survive up to 70 psi.

Biomedical Program

2 10 The biomedical program sucreeded in

1%

pravidiag information on: (1) the effects of
nuclear weapons on Jarge animals (swine); (2)

Lhe cyc protection provided by an clectro. 7
mechanical shutter; and (3) the casualty ef.
focts of missiles translated by a shock xave

2.11 Under the experimental conditions in.
volved in the mass casualty studies on 8 large
number of pigs, animals suffering missile
wosmds from glass, in mast instances, received
lethald5:es of radintion. Many of the animals
received serious thermal burns, There was an
mverse associstion between degree of bum and
survival time of the exposed animals. Cortain
clearcut conclusions were reached; namely, for
a large biological specimen in the open, with.
in the precursor of a nuclear weapon, the pri-
mary cause of death is mechanical injury to
Lhe organisms due to translation and ncarly
100% are killed instently. Outside the pre-
cursor region, temporary survival may be ex-
pected in the open, but barring total missile
injury, theradiation lcvels are lethal. (lose-
in foxholes may provide protection to prevent
total injury from blast and Lurn, but lethal
radiation dosages will also be received.

2.12 TPreliminary resvlis give an 10Y/50/30 of .
pigs Lo be about 500 rep ganma rays plus ncut-V
rons, which agrees well with laberatory re-
sults but disagrees with earlier field resulis.

2.13 The electromechanical shutter, with a
response tiwe of .5 millisecond gave couplete
protection {rom chorioretinal Lurns and flash
Llindness. A goggle can now be designed for
service testing. _

Aircraft Structures

2.14 Preclinirvary ficld analysis of data col-
lected in the aircraflt struclures program in-
dicate that the osjectives of the varions air-
craft studies were successfully met except for
the airship pruject, where further det:iled
analysis is ro juited. Jrsic objeclives were to
detcirine safety delivery criteris for murlear

t‘-'l‘ﬂl"i'\ﬁ.
Air-to-Air Missile

2.15 The delivery of the sir-to-air mi<sile




1y an FA%} gare infornation on thermal radia-
vion, blast imputs and responses, and nuclear
r;ulinl'-io"' Data werce obtained on .Erft‘c!.s of
gust loads imposed on maneuvering loads.
Yeasuronchts on other evenits were mads with
pirships, 18-, 6, a'nd A1 atreraly,

Mine Clearonce

9. 16 The results of a minc clearance study

wsing o ficld of live and instrumente! rines
proved that the methods of prediction of minge

actation are reliable. In adlition, devails
werc obtained on the effects of depth of
terial and of wave forn of ghack on actuation,

Electromagnetic Effccts

2.17 The program to measure electromagnetic
effects led to successful measurerents of the
arimuthal, radial, and vertical componcnts of
the magnetic field in the frequency region up
to 200 ke. The strongest component was azimu-
thal amd the field dropped by an order of
sagnitode in less than 100 microseconds.

Radio and BBadar Sipnals

2.18 The investigation to measure the 'ef fects
on propagation of radio and radar siguals from
" sircraft transmitter to ground receivers
failed to show any attenuation at several fre-
quencies from 4 mc up to 9200 mc. Radar track-
i of an aircraft from !l / 3 to H / 5 minutes
through a nuclear cloud using X-band radar was
successful.

Detection of Nuclear Detonations

219 project invelving long range detection
d location of nuclear detonati ons over dis-
Ynces of several hundred miles, gave fixes to
':thin[—
From
:::‘:3 ouserveu irom lightning bransients.it
o o ound that no .consi-stent. patterns peculiar
“.:_\'e forms, field intensities, or ptlj:se
1ons of these transients could distin-

ui
:u::h them from the electromagnetic pulse of a
¢ar detonation.

Civil Ftfreiq

22X lhe civil effects program broke into six
major categories: {1) studies of Fallant, (2)
bioredical and physical aspects of prompt
grwa and neatron radintion; (3) blast effects
on strucktures; {(4) bioredical effects of
blast; (5) radiologiral contamication, de-
contanvination and Lraining, and (6) instcument-
tatinn and supporting services,

Falloge

2.21 Estensive studies wece made of fellout
with enphasis on documentation of the fallout
patterns and deteiled pnalysis of the fallout
materiel to determine its physicesl and cheni-
cal properties. Included were studies of
changes in nature of fallout material with
time, particle size distribution and the
aveilsbility of the radioactive material to
the biosphere. Measurements were obtained of
shielding affordcd by structures and nuclear
distribution in air of bomb radiation was
successfully accomplished. Ultimately it is
hoped that these data will be effective in
permitting the establishment of individual
dosages received by Japanesé survivors.

Civil Defense

2,22 The Federal Civil Defense structures
program resulted in important measurements
concerned with design of reinforced concrete
dome shelters, a dual-purpose garage shelter,
a family shelter, and an array of shelters de-
signed by engineers in France and Germany.
Also in the progran were studies of doors,
anti-blast valves for ventilating systems, and
a modular brick building.

Biological Program

2.23 The biological program was concerned
with the biological response to various pat-
terns of overpressure, the effects of missiles,
and the effects of physical displacement of
of the biological target by blast produced
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winds. C]nscljr associaled were measurcments of
plast inside open strnctures Lo provide data
for design criterin for shelters not requiring

Joors.

lndielogical Mfense

2 94 A radiclogical defense experiment was
conducted successfully in which a group from
the Naval Radiological Defense Laboratory oc-
cupicd a protective shelter in a region of
heavy fallont. Methods of delermining the
magni Lude of the radiation field and opera-
tions to leave the shelter and deconLnmingle a
working area were effeclively demonstrated.

Training

2,95 ‘The FCDA sponsored a proup of Lraining
exercises Lo provide expericnce in contamina-
ted areas to radiological defense leaders se-
lected from State snd local civil defense
nrganization.

Radiation Monitoring

2.% A system of rcmwote gamnea radistion moni-
toring was carricd out at stations at dis-
tances from 30 miles out to 300 miles. The
system gave offsite radiation intensities re-
solting from fallout by simply dialing the
station through the phone network which auto-
matically replied giving the radiation level
using a coded signal.

Fireball Phenomena

2.21 Sandis conducted an experiment (1) to
tontinue the cxploration of the effects of
close-in firehall plienoecna onbasic caterials;
(2) Lo continue exploration of the effects of
¢lose-in fireball phenomena on wcapon com-
MPoncnts; and (3) to gain further understanding
of fireball physics. .

Fuzing znd Firing
?'28 Measurements were nade of rcspense of
Yzing components, assemblies

’
; conplete in‘%ctail except
OF Bigh ¢xplosive and nuclear waterials. Abg-
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netic tape systems recorded accelerat;nns
pressures, and fuzing and firing functions .

Material Studies

2.29 Basic material studies were made bath”
for materials placed within the fireball jn
Lillets rounted on the tower snd for material
placed at various positions along the ground
nrar the point of detonation.

Nentron and Garma Radialion

2,3Q Studies were made of eaTly ncutron and
gamma radiation fluxes as a function of time
and also free field neutron flux measuremenL;
as a function of altitiide to gbtain the ef.
fects of terrain,

New Techniques

2.31 Two new test technigues were tried dur-
ing the operation -- namely, the use of cup-
tive lalloons and of firing wnderground. The
captive balloon system was developed by Sandia
prior to the operation and was successfully
nsed throughout, The underground shot waa
fired near the end of the operation and was
purely a test of the confinement design and of
the mcasurement nethods,

Balloon Experiments

2.32 The balloons were u=ed to rarry lunads
wirighing from 1800 to 4100 s at altitrdes of
300 fret to 1500 feet. Ballren pe<itivong
could he leld to plus or minns 30 fest st @
1200 foot altitude in winds up to 20 miles jwr
Leur  While the balloons flew ropeatedly in
vinds of 35 to 45 miles per hour, 1t was di-
cided for safety of persionel and handling
case that they should not le n=ed operation-
ally in winds of speed greater thon 20 males
per hour,

2.33 The Yalloon was 12ised and lowennd by
winches aporated remotely from the control
poinL. The j _sitien and behavior of the lal-
loon, and the wind speed at Lalloon altitude
were all =.mitored at the contro) point.



p———

2 14 e use of balloon. redueed the el in
i6;11 fallout to values of o few perceat of
chat for tower shots. As a consejnencs whan
ginls were appropriate for balloon apcration,
here were no delays Tor [allout prasess.’

2.5 The entite syste wns highly sicress<h:]
o in [act, marh ['Il.-i.-ll'll.‘ the nrc‘n“]-llsl. O 1A

of the Plumblob program. “The success is con-
firmed by noting that twelve of the twenty-
four full scale nuclear dotonations fired
above the surface were fired from balloons.

Underground FExperiment
2.3 The underground shot of 1.7 KT st a
depth of 900 feet verified the calculations
'id‘rFEQGCt to contyinment and Instruacnt.

ation,

lNo de-
tectable radicactivitywasveated at any point,
Alter the dctonation the tunncl was reentered
and it was possible to proceed on foot teo
within 200 feet of the center of the detona-
tion. At this distance the tunnel was par-

-tially collapsed anl full of broken rock, how-

ever, here also there wes no detectable radio-
sctivity., There were no oflsite effects and
the seismic signals could not be felt at a
distance of 2.5 miles. The gencral feasibility
of the method was proved and as a consequence
plans are being developed for further under-
ground tests.

Decontamination Problem

2.37 A new problem in decontamination was
Presented by the balloon operation. Generally,
lbe balloons were fired, as planned, at al-
titudes such that the fission product fallout
¥85 small, however, in some cases the activity
Induced by neutron absorption in the soil was
% high as several hundred R/hour at one hour,
Since the balloon sites were required for re-
Peated firings it was important to consider
. Coitamination procedures. A major difference

S apparent between such contamination and
13310n product fallout -- mainly that the
ulrons were absorbed in a relatively thick
*YeT 30 that earth removal methods would re-

\

quite the mrve ent of an- b e fet of soil,
which weull be oo wneiel Iy o:c ranional ro.
anicensnt, as corparsd with oaiy si0fuce con-
tamination From fallout. In some cases, an
epiivalant ameunt of unactivated earth waas
plarcd over the arca to provid shielding, but
heve agnin a large ameunt of earth was re-
muired. To stinly methods of redir (g this pre-
blem, an experiment. using a beron-containing-
mincral incorporated in the [irst two fent of

soil was carried out with encoura, ng rezults,

Scientifie Support

2.39 [dgerton, Germeshausen, and Grier, Inc.
provided timing and firing, scientific photo-
graphy, alpha and other radiation measure-
ments. - B

} Major tasks of the photographic
unit was to measure fireball groth for yield,
growth and motion of atomic clou! after shock
breakaway, and position of burst for the air-
to-air missile. Photographs were also msde for
DO and CE1G to determine effects of blast and
thermal radiation on structures and materials.

2.40 Reaction history measurements were made
by the EGRG alpha group for LASL. The measure-
ments included neutron multiplication rate
throughout the entire measurable history,

Im-
provements were made i1n the image conve!ter
streak cemera which is smaller and more port-
able than cameras of this type used before,.

Conclusion

2.41 Overall the major objectives were accom
plished by all participating test groups.
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PARY V

OPERATIONS FED=RAL CIVIL D

—General

1.1 7The Federal Civil Defense Ad inistrition
was a major participant in a con*incital nn-
clear weapons test series. In Operation Pluid-
boh FUA accomplished its.objectives by es-
sisting in the staffing of the joint Office of
Test Information, executing an extensive ob-
server program, and by placing major ecphasis
" on technical tests designed to obtain dats on
the effects of nuclear weapons required for

civil defense planning.

Background

weapons tests in the Spring of 1951 by sending
ohservers to Operation Greenhouse and has sent
observers to all other Pacific tests since.

1.2 FODA started its participation in nuclear

1.3 In the Fall of 1951, the Buster-Jangle
series, Agency test activities began with a
limited test program to test backyard shelter
peototypes of wooden construction and to train
FCIN staff personnel in radiological menitor-
ing techaiques.

1.4 In the Spring of 1952, the Tumbler-Snap-

per series, A played a major role in justi=—

fying and operating the first ‘‘open shot'’.
State Civil Defense Directors and several
Bovernors were present as FODA invitees. In-
vited were approximately 60 civil defense ob-
servers and nearly 300 members of the press,
radio, television, and motion pictures. There
*ere no associated technical tests available
for inspection by the observers.

LS The Upshot/Knothole (1953) series marked
the first major Agency participation. The
technjical program included tests of backyard
and basement shelters, determination of fail-
Ure patterns of typical residences, extensive
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tests of passonger vehicles in cooperation

with the autn:ative industry, tests of drugs

and biclogicals in cooperation with the Food
and Drug Administration, tests of air zero
locatocs and radinlogical defense instruments,
and evaluation of comparative blast resistance

of a large veariety of curtain walls and per-

titions. The latter was conducted in cloze
cooperation with the Department of Defense.

1.6 ~FA also played a principal role in the
justification and conduct of the 1953 ‘‘open
shot'’, which was witnessed by about 300 civil
defense and State and local government offi-
cials. This observer program was conducted in
cooperation with the Atomic Energy Commission
and the Department of Defense who had an equal
nunber of representatives.

1.7 1In the Spring of 1935, Operation Teapot,
the test series included a rather comprehen-
sive civil defense program designed to meet
all Agency objectives, A single shot was se-
lected for most of the Agency participation
although some programs extended through the
entire series. The single shot was opened to
uncleared observers and to industry partici-
pants without clearance for Restricted Data.
This event was known as Operation CUE. The
technical participation consisted of determin-
ing the nuclear effects on residential, com-
mercial, and industrial structures; foods and
foodstuffs; shelters for civilian populations;
utilities; mobile housing; and emergency ve-
hicles. It also included radiological defense
studies.

Objectives

1.8 All civil defense participation is de-
signed to meet one or more of the following
general objectives:
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To conduel research programs under condi-
viong provided only by nuclear detonations
on order Lo develop hnsic techuical infor-

mation.

To *fproof tesl’' equipment or sLructures.
Often the Tinal <tep in design is Lo subject
the equipmenl or structure to actnal mclear
detomtion conditions, ‘The results are often
|-rcdic%.n|-lc wien 1esling such things as shel-
ters, but since many human lives may be in-
volved, actual field Lests mst Lake place.

To train specialists in various phases of
nuclear defcnse activities.

To indoctrinate key civil defense personnel,
and State and local officials, with civil
defense responsibilities.

To assist in carrying ont the FUA responsi-
bility for public education on nuclear weap-
ons effects. -

Mission and Operations

19 Emphasis in the Spring of 1957, (yeration
Plumbbob, was given to tests of mass shelters
and to radiclogical defense teclmiques. Four
programs, which included 22 projects, were
conducted Ly FCDA personnel or FUDA contrac-
tors. In addition, FCDA was co-sponsor with
the Department of Defense, the Atomic Energy
Coninission, and the Food and Drug Administra-
tion for nine vther projects. The FUDA done
shelter projects were conducted in the closest
cooperation with related Department of Ixfense
programs,

1.10 Training activities were expanded and
inc luded indoctrination and field evperience
in radiological defense for hoth “‘Q'’ cleared
State-and Jocal personnel and for uncleared
peronnel,

L1l FOA teclmical test activities werc con-
dicted in Vevada under the Civil Effects Test
Group. This Group was principally sponsored
and supported by FCDA and the AEC Division of
Ko]ogy and Madicine,

1.12 A nurher of other Government agencies

were invited by FOIDA o participate in the
Nevada Gests, vsually Lo conduct tests within
thear particnlar conpetence, to meet Civil k-
leuse objectives, These included the Food and
Drog Administrat jon, the Deparumnt of Agri-
culture, Pureaw of Standards, Pulilie Henlth
Serviee, eflonse Air Transport Adninistration
Avmy (Qemical (orps, Army Quartermaster (hrps:
and the Civi) Air Patrol.

113 Trlustry yarticipation deserves special
ment ion, The methmls and procedures were de-
veloped by FOW in 1953 and have Leen vsed in
cvery continenta) test series since. 1f indus-
try is in nced of information not otherwise
avgilable, and if there is Civil I:fense value
to le derived, FCDA sponsors Lhe industry
proposal, Industry pays its own way. Since
1933, the cash value of industry participation
has increased steadily. This year, the total
cmmilative figure probably has passed two and
onc-half million dollars. Over 200 campanies,
inslitnles, and associations have played some
part in M\ test activities. Their contribu-
tions have ranged from providing materials to
conducLing major teosts.

1.14 Testing of Civil Defense shelters for
forcigi governients in 1957 was a *‘first"',
Through the coaperation of AEC and the Depart-
menls of State and Delense, FCIA was able to
accede to regquests from the French and West
German Governments to test shelter designs.
Actual conduect of the tests was by American
conlrnctor personuel acting as sgents for the
governsents concerned.

1.15 ‘Ihe shelter program was designed to ob-
tain basic criveria far the design of shelters
which inelwled dome, dual purpose, and family
type rliclters. In ndidition to this, there was
an industry spotsored test comlocted on @
Llast resistant vanlt, Included also for the
first time were Lwo jrojects in which foreign
shelters vere tested.

1.16  lhe o!jective of one of the projects was
Lo oliain cugincering data for design, Jond,
response, and mode of failure un dome type
mass rhelters and on the shelter door. Three
30- fu-diaveter reinforced concicte dome shel-
1. 05 eie constrocted at three renges, 20, 35,
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and 70 psi side-on everpressure. The resulls
of the Lesl were as anticipated when taking
jnto account that the structures were subject-
od Lo n slightly higher overpressure Lhan ex-
ected. An ideal pattern of dampe was obitain-
ed in that the closc-in dome was completely
destroyed, the center dome partinlly destroy-
ed, and no apparent damage was done to Lhe
dome ot 20 psi. The only damage done to the
prototype door was that of stripping off Lie
nppert outside [langes; lience the steel door
Lested made an ¢ffective closure,

1.17 A rectanpgular dual purpose underground
garage and mass shelter with an automobile
ransp and blast door was tesled at an antici-
pated 35 psi side-on overpressure range. This
preject was included te determine engincering
data for the design, loading, add response of
this type structure. The apparent damage in-
side of the structure resuiting from the deto.
nation was that of slight spalling around the
tase of a center support column. The damage
doue to the ramp and end side retaining wall
was tonsidersble,

1.18 Also tested were thrce reinforced con-
crote family shelters which were constructed
at anticipated pressures of 30, 48, and 65
pei. The objective was to gain additionsl en-
gincering data to accunplish a more cconomic
design. The only apparent damage done to any
of the structures was that of bending the vent
pipes avay from the direction of the blast and
a slight dishing of tlie stcel entrance way of
a shelter closcst to Giound Zero.

1.19 A blast resistant vault and door, fi-
nanced by the Vosler Safe Co., was tested to
serify the theoretical analvsis of the behav-
inr of such a structure at s high pressure
level, Defraction pressures and patterns re-
sulting from an uverpressure in excess of 75
psi were obtained. The damage was confined
nainly to stripping of the front portion of
the reinforced roncrete cover, dislodging the
contro] knobs, end disfiguring and chairing
the vrnamental stainless steel. Bhea tle com-
Vination was set, the scven ton steel door was
eaxily reopened. There was no apparent temper-
fture or pressure increase inside of the

vault, thus piving adequate protestion to its
conl.ents.,

1.20 The FCDA sponsored tests of French ang
West German underground personnel shelters,
The French underground structures tested were
as folluws: One rectangnlar shelter; one
cylindrical shelter; two entrance ways at gn
anticipated pressure of 132 psi; and one en.
trance way at 1If psi. Also included in the
foreign shelter test program were seven West
German rectangular shelters and two cvlindri-

-cal-shelters located at pressure ranges from

7.4 psi to 265 psi. The data gained is being
evaluated for design improvements and the es-
tablishment of design criteria. The actual
pressure was considerably less than that an.
ticipated therefore incurring only minor dam-
age to the structures,

1.21 A project was established to provide
loading and response measurements for the var-
ious structures in the shelter and structure
programs.. The instrunentation provided meas-
urements of loading, acceleration, shear,
strain, deflection, and time history curves,

1.22 A sccond program was established to ver-
ify blast resistant Jesigns of structures,
equipment, devices, and components and to fur-
nish data for the improvement of these de-
signs. Included also was a test of air zero
locators.

1.23 Civil defense operations, follewing an
attack with nuclear wcapons, woauld be facili-
tated if a network of suitable devices for in-
dicating the position of the explosions was
provided to heep all target areas under con-
tinuous survei]lunce; therefnre, several types
of air zero Jocators weie tosted dnclmding the
reflecting and refracting type of Fastman
hadak, the National Burean of Standards jin-
liole camera type, end splerical plastic type
designed to determine the position of nueloar
detonations. The refracting type air zero lo-
rator appeared to he the wmost promising,

1.24 In previous tests, reinforced Lrick
masonry structures were compared unfavorably
with reinfoerced concrete structures. The




5Lruclural Clay Producis [b.soarch lhundn%inn
hes developed a design Fﬁich is highly resist.
gnt t0 blast loads. This design has proved
flective in field tests utilizing convent .
al high explqsives. Ono_mindnﬂlpss Endwl
pui lding and six wall Spes i we s §pg1£nud
and built to investigate their bch‘\nqr uﬁvn
ydjcctcd to low overpressiures, The objectiva
of this project was to evaluute the structural
resistance of reinforced clay masnnry to the
effects of a nuclear detonation. There was
httle or ho damage: done to the reinforeocid
structures; however, the nonreinforced brick
pnncls at two pressure rangas suflered major

damage.

1.25 The need is evident for reducing the
damage to doors and eliminating the missile
hazard resulting from doors becoming dislodged
in low overpressure blast areas where other-
wise the damage would be minoc. Therefore,
five test doors of different designs were
mounted in cells at anticipated pressmres of
% to T psi. The objective of the project was
to establish design criteria for commercial
doors under low intensity overpressures from
blast loading. There was litile or no damage
done to all of the doors with the exception of
the hollow plywood door at the 74 psi range.
This door was completely demolished.

1.26 In order to prevent injury to occupants
and damage to filters and other equipment,
blast resistant closures must be provided for
a1l ventilation openings in protective struc-
tures. Therefore, tests were made on the per-
formance of several types and sizes of pres-
fure sensitive antiblast valves for ventila-
tion openings. All valves appeared to with-
$tand the blast with no demage and effected
sdequate closure.

132? FCIM has been charged with the responsi-
bllfty of determining the extent of the radio-
l?gtcal hazard should this country be attacked
"tﬁ nuclear weapons. It appears that the most
?fflcient and expeditious means of accomplish-
I"g this objective is by an aerial survey. An
sBreement has been entered into with the New
ork Operations Office of the AFC to design
end develop instruments to accomplish this

mi-«~inn, A prnject was establishi~d to test the
calibeation and utilivy of thesc high level
survey instruwents. An aircraft was flown in
patteris over arens of known astivity, and ex-
cellent cotrelation was obtained with the
gt‘m!!‘.r‘! TE: ]'li\;: .

1.28 Since the radiological hazard, in the
event of a nucleer war, will be of prime im-
portatce, a progran was designed to give tech-
nical dats necessary for the foriwlation of
sperifications for radinlogical instrurents,
establisiiing nuclear radiation shielding re-
quireients, outlining decontamination proced-
ures and radiological survey techniques.

1.29 A project was included in this program
to continue the study and evaluation of gamma
radiation intensity as a function of shielding
and time,

1.30 TIncluded also was a project with the
following objectives:

To conduct training in, and a demonstration
of, decontamination countermeasures.

To evaluate the effectiveness and feasibil-
ity of methods of decontamination devised
for various structures and areas.

To obtain data on the radiation exposure
attendant to these operations.

1.3l To establish radiological defense mon-
itoring techniques, it was necessary to--

Obtain further experience in evaluating’
aerial, automotive, and ground monitoring
surveys.

Evaluate attenuation factors for mohile sur-
vey methods and time-lag factors for various
survey instruments.

Evaluate aerial survey equipment developed

for civil defense use,.

Obtain data on radiation exposures associ-
ated with these surveys.
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1.32 Since FCOA is procuring, digsiributing
ond stockpiling radiclogical instruments, it
js necessary to evaluate these Instruments
ander ficld conditions. The cosL of ICDA'Ss
rsdiological instrument stockpiling is over
ten million dollars.

.33 Ikata and instruments alone do not com-
prise 8 radiological defense operation pro-
gram, therefore, it was necessary to {urther
study radiological defense operations tech-
nigues and philosophies. In addition to ob-
taining the previously mentioned inforaation,
this program also provided training in con-
taminated areas for Federal, State and local
personnel and would serve ta give s clearer
definition of the responsibilities assigned to
the radiological monitor. The information ob-
tained in this program will also be used to
develop manuals and training materials.

1.3¢ Three of the projects included in this
program- provided operational information and
training,

1.35 Under an FCDA contract, the Department
of Agriculture photographed the radiclngical
defense operations at the Nevads Test Site,
They will edit and provide to F(JA a cuspleted

movie film for training and visval aid pur-

poses and to further study the refinemcnt of
radiological defense operations.

1.36 A project was included in Operation
Pluabbob which was directed by the Civil Air
Patrol to--

Continue the study of aerial monitoring
technigues.

Develop training material for acrial noni-
toring.

Gather data for Radialogical Defense nanuals |

for CAP or other serial survey wnits.

L.37 Under the FCIM delegation authority, the
Food and Drug Administration made fallout
studies on raw agricultural products to--

Detarmine the relative effeclivress of vari-
ous types of food packaging,

Devermine methods of decontamination.

Determine risks involved in recovery of
foods.

1.38 In addition to the fallout studies, the
Food and rug Adrinistration conducted s study
of resistance of vecuum glass containers pro-
cured under the FUM medical stockpiling pro-
gram, ‘This determination is of necessity due
to the fact that F(DA hag stockpiled over 25
million such containers,

1.3% In addition to the previously listed
F(DA directly sponscred programs, the Agency
also gave about 45% of the financial support
required for the ‘'Biological Assessment of
Blast Effects’' Program. F{DA also financialfy
supported several of the projects in the
‘‘Instrumentation and Dosimetry'' Drogram since
it utilized some of the services provided by
that Program,

1.4D The Agency also provided two profession-
al personnel and some financial assistance to
the ‘‘Radio-Ecological Aspects of Nuclear
Falleut'' Progiam.

1.41 The FCDA oliserver program was designed
to breaden the understanding of nuclear weap-
ons effects of persons with civil defense re-
sponsibilities and affiliations. It also serv-
ed to acquaint these selected persomnel with
the FCDA technical test program and provided
an opportunity for them to obtain FCDA policy
throvgh interrogation of the Director of FUUA
Test Operations and staff.

1.42 Provisions for admitting civil defense
observers were established by the Atomic
Encrgy Corzission, the lepartment of Defense,
and F(DA. Ohservers were required to sulmit
citizenship statcments in advance of their
arrival and to complete a detailed infermation
registration eard upon acreptance of the in-
vitation. The foreign observers were certified
by the State [hpartment and throngh the fore-

ign observers' respoctive Washingten Frlassies.

1.43 The FODA Obeerver Program Lecawe opera-
tional on May 1, 19537, with the sstablichernt
of the Las Veges uifice in the AVC Peanch Of-




ficc two weeks prior to the scheduled readi-
pess date of the first test detonation of the
Operation Plumbbol series. The FCDA Las Vegas
office coordinated all details of the dbserver
presTam with the AlC Visitors Pureasu at Mer-
cur; and with the Ihrector of UM Test Opera-
tions at Mercury. All professional persnnnel_
of the FODA Joint Visitors Burean strictly ad-
hered to the concept of joint team operaticn
regirdless of whether their parent agcacy or
service had an interest in the matter involvel.
1,4¢ Planning and preparation of schednles
were set up for the observers for preshot,
postshot, and shot date trips to Mercury fro.
La< Vegas. Preparation was made for briefing
gaterials for preshot and postshiot tours which
alsu included special civil defense publicity
releases for civil defense observers’ home
town newspapers. This required coordination
with the AEC Joint Visitors Bureau at Mercury
and the Office of Test Information in Las
Vegas.

1.45 Nine shots originally were scheduled for
FCIW Observers. Due to several lengthy post-
porements caused by unsuitable weather condi-
tions and technical difficulties, a nunber of
additional shots were declared open by AEC.
Out of a total of 24 shots scheduled from May
Ist through October 7th, FUDA observers were
in attendance at 13 of these. This was effect-
ed through special arrangements with the
Director of FCDA Test Operations and the AFC.
In many instances, clearances had to be es-
tahlished for DA observers by contacting the
AEC office in Washington. Usually these re-
Quests for clearances were granted.

l-4§ There was a total of 238 civil defense
Fegistrations during the series. Approximately
202 observers witnessed a detonation. Lue to
the numerous delays occasioned by weather
. Postponements, many of the observers found it
17possible to remain a sufficient length of
time to witness a shot. There was a total of
b7 Postponements on the open shots witnessed
Y FCIA (bservers. The series had a total of
E;dPoftponements on all scheduled shots. In
1tion to the 202 FCIW civil defense observ-
©rs, 31 foreign observers from 10 countries

witnes<el a dutgnstien, naking a toti]l of 233
persons to see a shot,

"1.47 All olservurs were given prashot brief.

ings and a complete tour of the Nevadu Test
Site shoving FCI)A inxtallations and teats in-
to all accessible areas. In a nuwler of in-
stances, postshot briefingzs and tours of the
installation were made due to the readiness

and a detonation tim= being moved up. Every

effort was mada to provide all infonm.ation re-
quested by each observer before leaving las
Vegas and even informal briefings were pro-.
vided by the Director of the FCIA Test Opera-
tions and technical staff members in Las Vegas.
Every effort was made to provide all oliscrvers
with a preshot tour and briefings even though
they were unable to stay to witness a shot.
Many of these observers expressed deep satis-
faction for having received this important in-
formation,

1.48 The FIDA Obsecver group included a cruss
section of Government, State, county, and city
officials as well as a large number of observ-
ers who have a direct interest and responsi-
bility in the National and local Civil Defense
programs. '

1.49 The Federal Civil Defense Administration
furnished a portion of the Joint Office of
Test Information for Operation Plumbbob. Con-
sistent with this agreement, FCDA supplied two
public information specialists and provided
secretarial staff for the entire series.

1.50 Early in the operation, a series of news
releases detailing the projects sponsored by
FCDA were prepared and released after clear-
ance by OTl. These releases countained infor-
mation on shelter tests, tests of shelter
components, French and German shelter tests,
radiclogical training activities, and projects
involving radiological defense projects. All
of these releases received widespread publica-
tion.

1.51 Special FCDA information activity was -
undertaken in connection with only 2 of the 24
test shots. The inclusion of FCDA designed
shelter tests in the Priscilla shot was exten-
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sively publicized wilh advance stories detail-
ing the purpose of the tests and postshot
photographs of home, dual purpose, and mss
shelters being distributed to new media. |

1.52 A special press briefing was held when
results of the shelter tests were available,

«ith the press being given printed rcports by -

the Director of the Civil Effects Test Group
and the FCDA Program Directors and postshot
pictures of the shelters, the Mosler bank
vault, a modular school unit, doors, clay
masonry construction, and blast valies were
tested in the Priscilla shot. These photo-
graphs were reprinted by many newspapers and
were used in an FCDA shelter pamphlet and in
the FCDA Newspicture Page distributed to some

7500 newspapers.

1.53 Stories and advance construction photo-
graphs were issued on the French and German
shelters involved in the Smoky shot. Special
releares and photographs were issued sbout the
presence of State and city trainces during a
Radiclogical Defense course and in connection
with the presence of a (alifornia Disaster
Service radiological monitoring squad for
field training. A story waz relcesed on a de-
contamination project involving fire chiefs
from 1as Vegas and a number of California
cities. Special home town releases were pre-
pared and distributed reporting the presence
of individual members of the radiological de-
fense training groups and photographs were
supplied to trainees. FCDA OfT personnel alsd
wrote and distributed home tgwn ncws releases
Teporting the presence of all civil defense
olservers at open shots--the total approximat-
ing 500,

1.54 HCDA assisted the AEC in briefings and
guiding of field tours for the lolifield Com-
mittee staff, the National Security Council,
Dr. Libbey (AEC Commissioner), and other AEC
observer groups. The FCDA Administrator,
Deputy Administrator, and several Assistant
Aluinistretors attended the Test Site and were
briefed on nuclear weapons effects, the Test
Organization, and were shown the structures

tested by FUDA.
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Organization

1.55 The FCDA components of the Test Organi-
zation were under the general direction of the
(hief of FCDA Test Operations; however, they
functioned under the *‘joint'® concepts and
answered Director to Director of the group to
which they were assigned. Figure 1.1 is a

block diagram showing the organization struc.
ture of the FCIA Test Operations,

Logistics

1.56 The support of FIDA programs was pro-
vided through the AFC Support Director. Sup-
port items such as materials, equipment, ve-
hicles, and communications vere made available
by the Beynolds Electrical and Engineering Co,
Consislent with the status report requests,
Labor was also cbtained from REECD. The large
and costly FC(DA sponsored structures were con-
structed by an AEC lump-sum contractor. -

- Funding

1.57 Financing of FCDA sponsored projects
during Operation Plumbbob was carried out in
accordance with the terms of the FCDA-AEC
Memorandum of Understanding dated February 7,
1957. Appropriation transfers totalinz $1, 644,
600 have been made to AHC té cover the cost of
all F(DA programs. Designations have been made
to provide FCDA assistance to other groups,
notably Program 33 - $112,000; Program 37 -
£15,000; Program 38 - $15,000; and Program 39
- $ 19,300. In addition to programs where MIW
funds were designated, other projects of wmtu-
al interest were supported financially by
special purpose work orders.

Concluzions

1.58 In gencral the FUDA considers Plunblob a
very successful operation in all phases of its
participation which includes tiie FOJA Obscrver
Program, its component of the Joint Office of
Test Information, and its technjcal tesis,
From the comucnis and letters received, the
FAA Obeerver Program was successful in edu-
‘cating and stimulating interest in Civil De-

fense,
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1.59 The Technical Test Pregram wos censider-
ed successful in that the results verified
theoretical calculations, and there was no
significant data lost. The tests provided an
opportunity to thoroughly study radiological
delense operations and provided trainicg te a
farge nunber of State and local personael in
rafﬁﬂlogi(:ﬂl defer:sc.

1.60 FQOM has raised questions as to the ade-
quacy of construction and inspectinn zund the
need for clos~r cantrol over constru-tion,
There exists a cocrollary problem of lead time
in the development and approval of drawings
and specifications. A question of the length
of time in furnishing cost reports was also

raisel, These quustions will Le considered by
the NIO and efforts made to reaolve the prol.-
lem prior to future continentdl test opera-
tions in which the FQOUA participate.

1.61 Consideratinn relative to establish-
ment of FUIA as 2 separste Test CGrowp is dis-
cussed in Part I, Chapter 6. Operational

Problema,
Peconrendations

1.62 Prior to th: next contin=ntal test
operation, F(TA and AEC Representatives con-
sider the establishment of joint operating
procedures with view to resslving procedural
problems indicated in paragraph 1.60 ebove,




