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FOREWORD 

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 
(NTPR) 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. 

The material which has been deleted is all currently 
classified as Restricted Data or Formerly Restricted Data under 
the provi~ion of the Atomic Energy Act of 1954. (as amended) or 
is National Security Information. 

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. 

It is the belief of the individuals who have participated 
in preparing this r eport by deleting the classified material 
and of the Defense NuclEar Agency that the report accurately . 
portrays the contents of the original and that the deleted 
material is of little or no significance to studies into the 
amounts or types of radiation received by any individuals 
during the atmospheric nuclear test program. 
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PREFACE 

PREFACE 

A weapons test operation such as Operation 
Plumbbob is dynamic in its many facets. Like an 
all-star game, the efforts of many discrete organ
izations are fused to produce a team striving 
to achieve common and related objectives. The 
opponent of this team-Time- -is uncompromis
ing and unsympathetic toward the myriad prob
lems that plague those conducting the Operation. 
This is an atmosphere that challenges patience, 
ingenuity, tact and the orderly process of tech
nical progress. · 

By comparison with the conduct of the 
Operation, the .reporting of that Operation be
comes a tedious task, both to those charged 
with the preparation of the report and to many of 
those who must review and interpret its content. 
Recognizing this, an attempt has been made to 
ma.~e this report of Operation Plumbbob as com
prehensive, interesting and useful as possible. 

The purpose of the .report is to review in 
perspective and to present concisely in usable 
form significant aspects pertinent to Operation 
Plumbbob. The Summary is a succinct report 
of the entire Operation. The Chapters following 
the Summary merely amplify its content. Chap
ter I establishes the inter-relationship and 
functions of the several groups participating 
under the Test Director. Chapter II is the main 
chapter of the report and is intended to stand 
alone as a report of the scientific aspects of 
~he Operation, particulacly in regard to the ob
Jectives, techniques, . results, conclusions and 
recommendations stemming from the scientific 
program. Chapter III presents a discussion by 

the staff sections of the adrnini.:-tration of the 
Operatio:i and is intended to include not only 
historical documentation but also information 
useful in planning future operations. The Sum
mary and Chapters of the report are sufficiently 
independent that the reader need only dwell 
on that portion which is of particular interest 
or use to him. 

It is appropriate to acknowledge the willing 
cooperation and generous support of U1e many 
contributors to this report. Chapter II includes 
the reports of the individual Test Groups as 
submitted by their Directo~s, Dr. W. E . Ogle 
of the LASL; Dr. H. B. Keller and Dr. C. E. 
Violet of the UCRL; Mr. R. L. Corsbie of the 
CETG; Col. K. D. Coleman of the DOD; Mr. 
J. H. Scott of Sandia; and Dr. J. D. Shreve of 
TG57. Too, several members of the Test Direct
or's staff were particularly instrumental in 
generating this report. These include Mr. D . B. 
Shuster of Sandia, the Associate Test Di.rector; 
Mr. Vern Denton of UCRL, the Staff Co
ordinator; Col. W. S. Hutchinson, AFSWP, the 
Military Agsistant to the Test Director; Mr. 
R. A. Lusk (S-1) of EG&G; Mr. G. P. Stobie 
(S-3) of Sandia; Mr. C. M. Bacigalupi (S-6) 
of UCRL; Mr. W. E. Nolan of UCRL, the Rad
Safe Advisor; and Mr. E. L. Brawley of AEC, 
ALO, the Safety Advisor. Mr. H. E. Grier of 
EG&G reported EG&G's scientific support, and 
Mr. E. L. Jenkins of Sandia information on 
assembly and arming. Mr. R. A. Lusk of EG&G 
perfom1ed the task of coordinating and editing 
the report as presented in the pages that follow. 

i.w. 
G.W. 
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CONTINENTAL ~UCLEAR TESTING IN THE 
l\EVA DA DESERT 



su~.11.~ARY 

SUt1MARY 

Operation Plumbob was designed to conduct 
experiments aimed at advancing technical unde.r
standing of nuclear and thermonuclea r weapons, 
to test prototypes and mockups of weapons, 
and to develope further information on their 
military and civil effects, including studies of 
basic phenomenology of exposions. In addition 
to the basic purposes of the operation, advantage 
was taken of detonations to provide training 
for military and civil effects groups under field 
conditions. 

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

SCIENTIFIC DEVELOPMENT OF 
WEAPONS 

The weapons development program of the 
Los Alamos Scientific Laboratory (LASL) and 
the University of California Radiation Labora
tory (UCRL) was directed toward the following 
objedives: 

1. To secure weapons of smaller size and 
greater delivery capability. 

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

3. To continue development of weapons 
having a high safety factor in handling, 
storage and delivery. 

4. To secure basic information on higher 
yield desig!lS fo r devices and weapons 
which v,ill later be tested in the Pacific. 

During Plumhbob progress was made t.ownrd 
all these objectives. In several systems successful 
tests produced data which will permit the design 
~:~~~~:? ~·itl] __?P~zed inyest_men_ts_ in _!t:i~l. __ _ 

1 ! --

1 
I 

Sandia conducted an experiment (1) to con
tinue the exploration of the effects of cloSl:!-in 
firchall phc:nomena on basic matt:rials; (2) to 
continue exploration of th~ effects of clo:: c:-in 
fo-ehall phenomena on weapon components; and 
(3) to gain further understanding of fireball 
physics. 

Basic materials studies were made by ex
posing samples at distances ranging from 50 to 
2800 feet from a 10-kiloton burst. 

. . ·- :) ~ -. . ,,,_. 
Measurements of neutron and gamma fluxes 

and of overpressures and dynamic pressure in 
connection with the above studies were made. 
A free field study of the neutron flux as a func
tion of height above the gMund _ surface was 
alc;o carried out. - -- - --r -- ----, 
MJLITARY WEAPONS EFFECTS 

The weapons effects program of the Depart
ment of Dcf ense was directed primarily toward 
the study of bhist and shock phenomena, the 
response of structures in the overpressure region 
above 50 psi, and a biomedical program. In 
addition, information was collected on induced 
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' 

,. .. , ,: 

SUMMARY 

radioactivity, on clect.romagnetic signal gen<:ra
tion by a detonation, and on the propagation of · 
electromagnetic radiation in the ionized region 
surrounding a dct.onat.ion. One shot fired in 
mountainous terrain led to measurements of 
shock and blast effects under such conditions. 
An air-to-air delivery of an MB-1 cocket with 
a nuclear warhead provided information on nu
clear and blast inputs n<:cessary to <:stablish de
livery crikria. 

Principal effort in the r,;tudy of strong 
shocks was expended on the Priscilla shot, a 
36-kiloton-yield shot from a 700-foot balloon 
cent.t:red in the Fn·nchman Flat area. Successful 
measurements w<:re obtained for peak over
pressures from 510 psi downward. The first exper
imrntal confirmation was obtained of the ex
pected sharp drop in dynamic p.cssure in the 
re::;ion of regular reflection; the closest reading 
to grnund zero was 280 psi at 350 r eet, whereas 
the peak reading, 510 psi, otrurred at 850 feet. 
Studies of precursor phenomena revealed that 
tower shielding may inhibit the formation of a 
precursor. Extt:nsive measuremt:nts of earth 
shock induced by air blast and its effects were 
carried out. Me:1sured values of acc:elc-rations 
a;.-i:·ed with pr(:dictions in the first 10 feet of 
dt:pth, but there W£·re discrepancies in the next 
lo·,\·er 20 feet, which may have resulted from in
homogtneities in the soil. Vertical earth di.3place
ments produced by the shock wave were mea
sured down to 200 fc-et and typical surface 
\·nlues observed we::re 14 inches at 270 psi and 2 
inches at 60 psi. 

Terrain effects were detamined on the 
Smoky cve:nt, a 43-kiloton-yield shot from a 700-
foot tower located near foot hills. The results 
may be summariZ£•d as follows: 

1. Overpre,·-!;ures on front slo~s were high
er than on flat tarain at fhe same 
distances; pre£sure on back slopes of a 
550-foot hill 'l\·e.re lower than corres
ponding flat 1<:·rrain pre:::.c::ure, wh£:rcas 
those of a 280-foot hill were higher. 

2. Q;·erpre~sures on low, rnlling tnrain 
were higher than f1at t{:rrain pressures 
for like distances; dynamic prc£sures 
were lower. 

3. Dynamic pre::"~rcs on front slopes of 
high rii!gcs w.:re lower than flat terrain 
pressuws at corrc·sponding disk.nces and 
fell sharply bdow flat terrain pressures 
on back slopes. 

4. The wave forms on all front slopes had 
shorkr ri~ times th::.n the c:orr<:::pond
ing wave forms on flat t<:rrain. \\'ave 
forms c,n back slopes w1::re n,:arly idc:al. 

Page lO 

The nuclear radiation effods mc:as11remcnts 
w1::re successful, indicating that neutron-induced 
soil activity is a definite tactical ha:lard at early 
times. The primary isotopes which add to the 
radiation field are Na24, Mn~•, and Aln. The in
duced activity was observed to be primarily 
generated by thermal neutrons, but higher 
ene:rgy neutrons also contributed. The eff1:-ct of 
increased moisture was t.o incn:ase the int{:nsity 
of the fields, although the effect is not as critical 
as had been expected. 

Prompt nc,utron dosages wue found to de
pend strongly on weapons dnign and . valuable 
numerical results were obtained for S(::Veral 
designs. 

From the initial gamma raniation measure
ments, it was found that the total gamma radi
ation dose incn~sed with altitude to 400 feet, 
where about 30 perctnt more was received than 
on the surfate at the same distance from point 
of detonation. 

Measurements of shielding afforded by 
unde.ground shelters yielded useful data on 
shielding factors in the main structures and 
entry ways. 

Results of the structures program contrib
ut~d significantly to understanding loading and 
rE.!sponse of surface and underground structures 
in the ovflpre'° ;;ure regions above 50 psi. Gen
erally the underground structures 1ested sus
tained less da:10 ?.ge than predicted, from which 
it was concluded that design assumptions upon 
which the structures were constructed and an
alyzed wne more conserYative than ncn-ssary. 
It was shown that underground arch-type 
shelters are the most. efficient and can be con
structed .readily t.o withstand ovt:rpressures up 
to 200 psi. For above-surface structures, arch 
or d01ne types can be dc•signed to rnrvive up to 
70 psi. 

The biomedical program succeeded in pro
\;ding information on: (1) effects of nuclear 
W('&pons on large ani1nals (swine); (2) eye pro
tection provin(-d by an Ek·cfrc_.rn1:-chanical shut
t{!r; and (3) casualty c-ffects of mi:::siles tr~ns
lat~d by a shock wave. 

Under experimental conditions invoh·ed in 
the ma~:s casu.alty studies on a large numbC:r of 
pi~s, animals suffering mis.sile wounds from glass, 
in most instances, received lethal doses of 
radiation. Many of the animals received s~-rious 
thi.:·nnal burns. There was an invuse association 
bet,,·c•;;n degree of burn and i-urvival time of the 
exposed animals. Ct:rtain ck:arcut conclm:ions 
were reached: namely, for a large biological 
!'pecimen in the open, within the precursor of 
a nuckar w,~apon, the prirnFtr)' cause of death 
is by mc,ch&nica.1 injury to the c.,rg;::ni ;;ms due to 
traw:lation with m,arly 100 pc--rc.::nt Ll,ing killed 
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in;;tantly. Oul-;irl1! the prt>cur!-or regi1Jn, tc:mpor
ary survival may be expc:cted in the opl:n, but 
barring total mi'°:0 ile injury, the radiation levels 
arc lethal. Close-in foxholes may provide pro
tection to prevent total injury from blast and 
burn, hut lethal radiation dosages will also be 
received. 

Pn.:liminary Tl'5ults give an LD/ 50/30 for 
pigs to be about -500 rep gamma rays plus neu
trons, which agrees with laboratory results but 
disagrees with ca rlier field results. 

The electromc:chanical shutter, with a re
sponse time of 0.5 milliseconds gave complete 
protect ion from chorioret inal burns and fla sh 
blindness. A gogile can now be designed for 
service testing. 

Preliminary fa:ld analysis of data collected 
in the aircraft structures program indicates 
objectives of the various aircraft studies were 
successfully met except for the airship project, 
where further detailed analysis is n:quired. Ba,.ic 
objectives wtre to detf:rminc safety delivery 
criteria for nuclear weapons. 

Delivery of the air-to-air missile by an FS9O 
gave information on thermal raciiation, nuclear 
radiation, and blast inputs and responses. Data 
were obtained on effects of gust loads imposed 
on marn:uvering loads. Measurements on other 
events were made with airships, HSS-1, FJ4, 
and A4D-1 aircraft. 

The results of a mine clearance study using 
a field of live and inert mines . provt:d that the 
mdhods used to predict actuation are rt:liable. 
In addition, details w1::re obtaintd on the effects 
on actuation resulting from depth of burial and 
wave form of shock. 

The program to measure electro;irngnetic 
effects led to successful measurements of the azi
muthal, radial and vertical components of the 
magnetic field in the frequency rPgion up to 200 
kc. The strongest component was azimuthal and 
the field dropped by an order of magnitude in 
less than 100 micm,;econds. 

Investigation of the effeds due to a nuclear 
cloud on propagation of radio and radar signals 
from an aircn1ft tr&nsmitter to ground receivers 
failed to show any attenuation after H + 1 minute 
at several frcquf~ncies from 4 me up to 9200 me. 
R~dar tracking of an aircraft at H + 3 and H + 5 
minutes throµgh a nuclear cloud using X-band 
radar was successful. However, radio wave trans
~is_sion at very early times from within the 
1?n12ed volume generated by a nuclear detona-
tion did not prove r eas1ble. · 

A project involving long-range detection 
and location of nuclear dt:tonations over dis
tances of several hundred miles ga-.:e fixes to 
v.ithin 0.8 miles and times of detonation with 
an error of less than 6 milliseconds. Pul;;es ob-
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served from lighl11ing trnnsi<:nts showed that 1 

con.,;i . .;tc·nl patterns p1 ·culiar to wan· form-;, _fa· 
intensities, or pul .,e durations of thcst· tran;;.1 1.-n 
could distinguish th<:m from ~· elcctroma!me:t 
pulse of a nuclear detonation. 

-~ 
CIVIL EFFECTS 

The Civil Effects Test Group (CETG) pr, 
gram broke into six major catt:gories: (1) ,.tudi, 
of fallout; (2) biomt•dical and physical aspects 1 

prompt gamma and neutron radiation; (3) bla 
effects on structures; ( 4) biomedical effects • 
blast; (5) radiological contamination, deem 
tamination and training, and (6) instrument: 
tion and supporting services. 

Ext~· nsive studies were m:.1de of fallout wit 
emphasis on documentation of the fall0t 
patterns out to 600 miles from ground zero ~ 
aerial monitoring and ground survey, and deta1 
ed ana lvsis of the fallout material to determir 
its physical and chemical properties. Include 
were studies of changes in nature of falloL 
material with time, particle size distrihution an 
the availabilitv of radioactive matefr:1.l to the hie 
sphere. · 

Me::isurements were obtained of shieldin 
afforded by structures, and also pertin1:nt t 
the shielding program itself, extensive evaluatio 
of the angular di~tribution in a_ir o_f bom~ radia 
tion was successfully accomplished . Ult1matcl 
it is hoped these data will be effective in pnmit 
ting the establishment of individual dosa gP 
received by Japanese survivors. 

A!:'SfJCiated with the prteise mea;;urernrnt 
of radiation dosages were the exposure of larg 
and small animals to prompt bomb radiationi 
Mice, monkeys, swine, and burros were utilize, 
to develop interspecies relationships and to cor 
relate Plumbbob results with data obtained i 
earlier test series. 

The CETG structures program rc~ulted i1 
important measurements concerned with desig1 
of reinforced concrete dome shelters, a dual 
pm·pose garage shelter, a family shelter, a mo 
dular brick building, and an array of shelter 
designed by engineers in France and Germany 
Also in the program were studies of doors, an< 
anti-blast valves for ventilating systems. 

The biological program was concerned witl 
the biological response to various patterns o 
overpressure, the efft>cts of rrussiles and th, 
effects of physical displacement of the biologica 
target by blast-produced winl:!s. Closely associat 
ed were measure:ments of blast inside ope, 
structures to provide data for design of shelter: 
not requiring doors. 
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SUMMARY 

A radiological ndc:nse experiment was con
duclkd suc·cessf ully in which Civil Effects Test 
pn~c,nnel occupied a protcct.ive shelter in a 
region of heavy fallout. Methods of determining 
the magnitude of the radiation field and pro
cedures for leaving the shelter and recovt::ring a 
working area were effectively demonstrated. 

The CETG i;ponsored a group of training 
e:xer<:ises to provide experience in contaminated 
areas for . adiological defense leaders selected 
from St.ate and local civil defense organizations. 

A system of remote gamma radiation moni
toring was C'nrried out at stations from 30 miles 
out to 300 miles. Off site radi<1tion intensities 
rt:sulting from fallout could be lt,;i_med simply 
by c.ialing the sl~tion through the telephone 
network, the station automatieally replying with 
a coded signal gh·ing the radiation level. A pilot 
effort utilizing this equipment on-site c:0nclusive
ly demo!'lstrated that early data on close-in ra·
diat ion ink·nsit ies can be obtained without the 
e:xpornre of human monitors. The significance 
of these results puint to practical methods of 
reducing radiation ca:,;posure to participants in 
both test and civil activities associat~d with 
nuclear reaction. 

A bst minute addition to the Plumbbob 
Operation was the investigation of plulonium 
contamination from one-point detqn9fun _ 

( on the ground in the -open. Jhe t.est 
pr~cedro all nuckar !:hots :rnd was c0nducted 
in Groom Valley arljacent to but northeast of 
NTS proper. 

Four exp.:: rimC:, ntal progr?. ms were e:xamined: 

1. Constitution of the cloud and the phys
ics of fallout from and redistribution 
aft er such a burst. 

2. The inhalation hazard to &nimals from 
both cloud passage and mate-rial re
!-Uspenf.iun post rl .:::posi1 ion. 

3. Means of monitoring a nd decontaminat
ing rJutonium JadenPd pu,ings, building 
matc-•rials ,;;1d ground rnrfaces. 

4. The n en1'. ion and <:valuation of field 
alpha in c: trument wrveys. 

Scientific data on fallout and inhalation 
haz;; rd were o°!)tained through the use of sticky 
pans, acute air sr.rnplers and lung mod<::ls. Suc
cessful deconlr. mir.ation methods wHe de\'cloped 
r(; .•ulting in clu-,nup of up to 99 pe:rcrnt of the 
r1riginal plut r, nium bearing contaminants from 
hard surfaces. 

Animal u :posures, air sampling and surface 
wind record ings wne c.:ontinued for !'ix months 
J;ost shot. Puiodically during this time, soil 
f.it mpling, d('•'Jnt an-,ination expt:rirnent.s and 
r,lpha fidd monit0Ting were done also. 
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NEW TEST TECHN_JQUES 

Two new test. techniques were tritd during 
the operation -- namely, the use of captive 
balloons and firing underg.round. The captive 
balloon system was developed by Sandia prior 
to t.he operation and was successfully used 
t.hroughout. The underground shot was fired 
near the end of the · operation and was purely 
a test of the confinement de.:; ign and of the 
measurement methods. 

The balloons wf;.fe used to support loads 
weighing from 1800 to 4400 pounds at Elevations 
of 500 to 1500 feet iibove ground level. BalJoon 
positioning could be held to plus or minus 30 
foet at a 1500-foot altitude in winds up to 20 
miles per hour. While pretest halloons flew re
p i: at edly in winds of 35 to 45 miles per hour, 
it was decided that for safety and handling 
ease they !:hould not be used op€rationally with 
wind velocil ies great~r than 20 miles per hou~. 

The halloon was raised and low<::red by 
winches ope-rated remotely from the control 
point. The position and b e-havior of the balloon, 
and the wind speed at balloon altitude all were 
rnonito1 ed at the control point. 

Use of Lalloons .reduced the clc,~-ir. local 
fallout to a kw pe: rcent of that for tower shots. 

The entire system was highly sucu,~sful 
and, in fact, made po£!;ible the accomplishment 
of the Plumbbob program. The success is "on
firmed by the fact that 12 of the 24 full-scale 
nuckar detonations fired above the surface were 
fired frurn balloons. 

The und<·rground shot of 1. 7-k ilot on yield 
at. a ckpth of 900 foet Vf:- rified the cakulations 
with respect to containment instrumentation. 
As a result of the firing it has hE--en estabfahed 
that, for soil conditions similar t,:, NTS, shots 
can be contained at shallo-.,·er depths c;:iku1ated 
to be 450 W 1l 5 feet, where w· is the yield in 
kilotons. No detectable radioactivity was vented 
at any point. Aft.e.r the detonation the tunnel 
was re: -rn1~red and it was possible to proceed 
on font t.o within 200 feet of the detonation 
point. At this di~tance the tunnel was partially 
c-ollapst·d and full of hroken ruck, but the-re 
was no dt-1.ect,,ble radio3ctivity. However the 
[:2Si:ous remains of the explosion re:sult-t'd in 
a high concentration of carlion rr,onoxide which 
n"(Juired re-entry pree2utions. There were no 
offsite t·ff ects and the seicmic signals could not 

1, be felt at a diE-1.ance of 2.5 miles. The genl:ral 
ft'.?.Sib1Lity of the mtthodv:·asprovf:'d and as a 
consc--quc·nce JJlans &re being de\'e>lopcd for 
furtht:r m,derground 1t:sts. 

A nl'W probkm in de-contamination was 
preSt:-nted by the balloon ope- ration. Grnerally, 
the l:,allo(,ns wC:re fi-red, as pl&nnC'd, at altitudes 
!'-uch that the fa,ion pn.1duct fallout w.1s i;ma1l. 
Howcvd, m Hime ( 'r.~CS the activity incucc.-d by 
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neutron absorption in the soil was as high as 
sc\·cral hundred roentgens per hour at qnc hour. 
Since the balloon sites were requil'ed for re
peated firings it was important to consider de
contarnina tion procedures. A major difference 
was apparent between such contamination and 
fi~ion pr0duct fallout - mainly that the neu
trons were absorbed in a relatively thick layer 
so that earth removal· niethods would require 
the movement of otiP. to two feet of soil - an 
unwieldly operation - as compared with only 
surface contamination resulting from fallout. In 
some ca!:es, an equivalent amount of unactivated 
earth was placed over the area to provide 
shielding, but here again a large amount of earth 
moving was required. To study methods of re
ducing this problE:m, an expeciment using R 
horon-containing mineral incorporated in the 
first two feet of soil was carried out with en
couraging results. 

SCIENTIFIC SUPPORT 

Edgerton, Genneshausen, & Grier provided 
timing and firing, scientific phot-0graphy, alpha 
and other radiation measurements. A capability 
was developed in the timing and firing systems 
to fire one or all of three possible shots simul~ 
tanEcously; however simultaneous firing was not 
in fact accomplished because of radiochemical 
sampling requirements. Timing signals were 
pro\ided by both hardwire and radio. Major 
~sk of the photographic unit was to measure 
fireball gmwth for yield, growth and motion 
of atomic cloud after shock breakaway, and 
position of burst for the air-to-air missile. Photo
graphs were also made for DOD and CETG 
to determine effects of blast and thermal radia
tion on st.ructures and materials. 

( 

Reaction history mf•~surements were made 
by the EG&G alpha group for the Los Alamos 
Scientific Laboratory (LASL). The measure
tn£:nts included ~eutron multip~icatio!la.. rat~ 
throughout the entire mca .~urable hist~r - 1_ 
and_nucltar _ pulse _ fo!' safety shots,\ _ ' • --- - -· .. 

~--

EG&G developed a simplified recording systtrn 
for these measurements. Improvements were 
made in the image converter streak camera, 
wfhich is smaller and more portable than cameras 
o this type used before. 

ORGANIZATION 

Because of the magnitude of the technical 
Program and the ~arge number of participating 
r.oucl.s, a problem in organization needed to be 'ce . It wSis decided to develop a joint operat-

g staf.~ in support of the sL~ major technical 
IJ'oups (CETG, Sandia, UCRL, LASL, DOD, 
tnd TG57). A jo.int staff composed of members 
,,om EG&G for S-1 (Administrative S~ic~s), 
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Sanrlia for S-3 (Plans and Operations), ar 
UCRL for S-6 (Construction), was establi5hc 
for the Test Director. The purpose of the joi1 
staff was to provide coordination and to sen 
as a link with the support organization to ol 
tain nece~sary services for the Test Groups. Th 
form of Test Dir.::ctor staff organization wi: 

something of an experiment fur l\evada testin 
and proved to be strong and succcs5ful. 

Included in the organiz;;tion was the Armin 
group, which was responsible to the Test Di 
rector for arming and disarming d-2vices. l 
addition, the group monitored firing system 
to assure that op.:m,ti.ng spE-Cifirations w1::re me 
with respect to outpuis, reEability and !;afet:1, 

A new office, that or Military Assistant tc 
the Test Director, was established for this opera 
tion. The office proved to be a valuable aid it 
developing and maintaining mutual appreciatiot 
of problems involved in military effects anc 
training programs. Because of the existence o 
the office, many operational difficulties wen 
quickly resolved. 

The Test Director was responsible for al 
on-site Rad-Safe except that for post-Project 5'i 
and Exercise Desert Rock. Support was provided 
by the Support Director through the facilities ot 
Reynolds Electrical & Engineering Company on
site Rad-Safe unit. The results of Rad-Safe 
operations were extremely g~atifying because 
out of some 4,000 participants at the test 
site for extensive periods of time; only 14 ex
ceeded 3R for any 13-week period, and no 
person exceeded 5 R for the operation. 

Each Test Group had responsibility for 
execution of its respective programs in the field. 
Each group had its own staff to take care of 
problems peculiar to the group and to coordinate 
mutual requirements and problem~ with the 
Test Director's Staff. 

New safety problems were encountered in 
balloon ope-rations and underground firing and 
recovery. These were carefully reviewed by the 
Safoty Office of the Test Director and effective 
procedures developed in consultation with the 
responsibile operators in each case. 

..... 
Overall, the major objectives of Plumhbob 

were accomplished by all participating Test 
Groups. The major difficulties that arose during 
the operation had to do mostly with changes in 
schedule. As in all previous operations, a schedule 
of firing dates was established in advance. These 
dates, though viewed as optimistic, were intend
ed tc serve as guides to all participating groups 
for planning purposes. During the course of an 
operation it is always necessary for a variety 
of reasons to change ready dates, and in the 

__ interests of economy and efficiency, it is im
-~r!ant that all participating groups have as . 
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SUMMARY 

much built-in flexibility time-wise as possible. 
The operation could have been shortened had 
it be-:en possible to get agreement among the 
mai~ users prior to the operation with respect 
to starting date; however it is important to 
observe that there were good programmatic 
reasons for the schedule as developed. Never
theless, as a result, the operation started approxi
mately one month before the tr.st .:>rganizatio.n 
as a whole was r(:ady to proceed. There were 
occasions in which shot schedules were changed 
on unneressari1y short notice. The_se conditions 
caused hardship for some pa~ticipat ing groups 
but in no case was critical information lost 
hecauc.e of firing. 

One way in which greater flexibility of firing 
u:m1d be achiF,ed in future operations would 
be for users participating on a "non-interference 
basis"to limit their participation to the minimum 
number of detom1tions. Flexibility ·was usually 
lost because of the large number of participants 
invoh·ed on a giH·n shot. It is quite c1ear that 
no major element can actually participate on a 
non-intE:Tforence basis. 

At the start of the operation, the experi• 
mental groups ;-pquired a large number of dry 

runs involving complete operation of the signal 
systems. As the operation p.rngressed the number 
of these runs was gradually decreased, which 
greatly reduced the burden on EG&G and the 
Test Director's Staff. 

No major problems were encountered in 
housing or vehicles. 

The basic organization established for the 
Plumbbob Opnation was consistent with the 
desires of all users. The major strength for 
accomplishmt-nt of. technical measurements 
should and did reside within the technical Test 
Groups. In some instances additional staff sup
port was require<! and obtained. 

The construction and support contractors 
met and in some cases exceeded schedules. 
For example, towers were ready early in some 
instances but inflexibility in some Test Groups 
pre\'ent.ed full advantage being take~ of the pos
sible ti.me sa\'ings. 

Within the body of this report are numer
ous, specific, detailed rc:commendations with re
spect to improving joint ope, ations in Ne\·ada. 
It is hoped this record will be useful in future 
planning of such operations. 
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CHAPTER I, SECTIONS A-B 

CHAPTER I 
TEST DIRECTOR'S ORGANIZATION AND FUNCTION 

A. TEST DIRECTORSHIP 

A. TEST DIRECTORSHIP 

The Test Director is responsible for the 
ove-rall coordination and support of the entire 
scientific test program. Hi., office is responsible 
£or organizing and carrying out plans of the 
users of the Site as coordim,,ted through the 
Ne\'ada Planning Board and as approved by 
the Test Manager. The Test Director reviews 
the state of preparations at all times, and upon 
evaluation expeditks condit ions, where necessary, 
in order that the test schedule may be met. His 
office assures that per1-onnel using the Site have 
the necessary facilities to live and to perform 
their work. The office resolves differences be
tween the various Site users and assists, where 
required, in ca-rrying out the plans of all m:ers. 
The Test Director determines experiment.al state 
of readiness by dLscussion with the participating 
agencies, and advises the Test Manager when 
that readir,ess is such that fi.ring can proceed. 

To insure the most effective utilization ol 
support facilities available, the requirements ol 
numerous Site users have to be met on a~ 
equitable a basis as possible. To achieve the max
imum cooperation of test participants, it was 
deemed desirable for Operation Plumbbob to 
have the office of the Test Director staffed bf 
personnel d-rawn from several of the participating 
agencies. Thus, with Dr. G. W. Johnson of 
UCRL as Test Director, and Mr. D. B. Shuste1 
of Sandia as Associate Test Director, EG&G, 
Inc., was asked to staff the S-1 function, Sandia 
the S-3 function, and UCRL the S-6 function. 
Such staffing resulted in a close liaison between 
the Test Groups and the office of the Test 
Director and did, in fact, yield the understanding 
cooperation desired. 

B. STAFF SECTIONS 

B. STAFF SECTIONS 

The Test Di.rtctor and the As.sociate Test 
Dd ir~ctor were assisted in the execution of their 

uhes by a staff comprised of a Staff Coordi
r:0.ator, an Administrative Staff (S-1), a Plans and 

perations Staff (S-3), and a Construction Staff 
(S-.6) . In addition, several repn:.sentatives were 
~ss:gned to serve in a consulting capacity. These 
1nclud1::d a Rad-Safe Adviser, a Safc.ty Adviser, 
8fd a Classification Adviser. The Test Director's Gaff worked closely with members of each Test 

f
rfoul? staff to insure mutual understanding and 

e ective coordination. 

1:he S-1 Staff was responsible for overall 
coord1_nation of the following administrative sup
rart Items: housing; office, laboratory, ware-

ous~ and control point space; vehicles; com
munications equipment; and miscellaneous sup
~1,.8uch as office furniture, Nevada Test Site 
rn ) access, recreation and mail. Require
f ents for the above support items were collected 
:a_orn t~e Test Croup Directors and other techni-
11'1 l d units requiring support. Allocations were 

a e to the Test Group Directvr~.,frgqi._ !Jte 

supply made available to the Test Director by 
the Test Manager. 

The S -3 Staff was -responsible for coordi
nating the plans of the Test Group Directon 
and for publication of operation orders, shot 
schedules and general test information of use 
to all participants. This group supervised the 
planning and integration of dry runs, power runs 
and frequency checks. S-3 controlled check 
points and other operational details, including 
emergency evacuation of manned stations, dur-

., ing the period D-1 through D-Day for each 
shot. The Air Operations Officer was a mem
bt.r of this staff and represented the Test Di
rector in all matters relating to air support. 

The S-6 Staff was responsible for coordi
nating construction and contractor support fo1 
all pa.rticipants in the designated test areas. 
This. group was responsible for reviewing, fo1 
general coordination, all req0ests for contractor 
support, and worked closely with members oi 
the Test G.roup staffs to insure that construc
tion schedules were met. 
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CHAPTER I, SECTIONS C-D-E 

C. TEST GROUPS 

As shown in the organization chart on page 
16, the major scientific agencie,s and other users 
operating at the Test Site were organized under 
the Test Director into T.est Groups. For Op
eration Plumbbob, Test Groups were established 
for LASL, UCRL, DOD, CETG, Sandia and a 
jointly sponsored group known as TG-57. Each 
Test Group was he:aded by a Test Group Di
rector who coordinated the activities of his group 
at the Test Site. The Test Group Director was 
fully responsible at NTS for the intornal ad
ministration of his group. He furnished the Test 
Director the support requirements necessary to 
effect tasks authorized by the Test Manager, 

provided to the Test Director shot scheduling 
and other information as requested, and was 
responsihle to his home organization for insuring 
that his group obtained such support. The Test 
Group Director work<:d with oth('.r Test Group 
Directors and the Test Director to resolve con
flicts of interest. He kept the Test Director ad
vised of the technical readiness of his group, 
and assigned personnel necessary to conduct the 
shots under the sponsor:;hip of his group. Agency 
participation in shots sponsored by other groups 
was arranged with the prior concurrence of the 
sponsoring Test Group Din::ctor. 

D. SUPPORT GROUPS 

Several Support Groups under the Test 
Director rendered necessary technical support 
to all the Test Groups. The EG&G Support 
Group provided timing signals to meet the prin
cipal requirements of the experimental programs. 
EG&G Support also supplied the firing signals 
for all devices being tested. The Assembly and 
Anning Support Group supervised a check-out 
of the complete firing system and made final 

connections of the device to the firing system as 
directed by the Test Director. In addition, this 
group was responsible for general coordinafion 
in handling and storing device components on 
rr:cc·ipt at NTS. The Sandia Support Group pro
viced balloons, equipment and crews necessary 
for scheduled balloon shots and supervised the 
inflation and control of balloons. 

E. RELATION TO OTHER GROUPS 

As shown in the organization chart on page 
18, the Test Director's Organization was one of 
the major elements of the larger Nevada Test 
Oh rgani1ation. The Nevada Test Organization was 

eaded by the Test Manager who directed the 
pla~~i1;1g for the Operation, and coordinated the 
activities of all groups involved in the conduct 
of the Operation. 

The Test Manager was assisted, at staff 
level, by the Planning Board and the Advisory 
Panel. The Planning Board, consisting of repre
sen~tives of the primary us£::r organizations, had 
as its mission consideration of proposed nuclear 
wtoeapons tests for the purpose of recommending 

the Test Manager an overall plan for con
duct of the test, firing schedules, and the assign
~ent of firing areas to participants. The Ad
''lSory. Panel was comprised of individuals with 
extensive weapons test experience and, as the · 
~e iinI?lies, advised the Test Ma!1~ger {parti-

ry with respect to safety of fmng) of the 

ramifications of executing or delaying scheduled 
detonations. 

Under the Test Manager, three groups, in 
adriition to the Test :Manager's own staff, func
tioned to conduct the operation. Primary of these 
was the Test Director's Organization discussed 
above. The other two groups reporting to the 
Test Manager were the AEC Support Group 
and the DOD Support Group. The AEC Sup
port Group made available to the Test Partici
pirnts the support require:d to conduct their 
sci,~ntific tests, except certain support required 
by the DOD. Under the AEC Support Group 
were such organizations as Holmes & Narver, 
Inc., the architect-engineer, and Reynolds Elec
trical & Engineering Co., Inc., the maintenance 
and construction contractor at NTS. The ex
tent of DOD participation in the operation made 
it advisable to have a separate DOD Support 
Group which furnh;hed transportation and 
supply support to the DOD Test Group. - . 

Page 17 
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CHAPTER II, SECTIONS A-B 

CHAPTER II 
SCIENTIFIC PROGRAM 

A. INTRODUCTION 

This chapter records, in summary form, the 
scientific aspects of the Operation, particularly 
in regard to the objectives, techniques, results, 
conclusions and recommendations stemming from 
the scientific progr2m. The scope of the scientific 
program is best depicted by the Shot Schedule 
Ehown on page 22 which sets forth refe.rence data 
pertinent to each of the shots. 

Amplification of delays experienced are set 
forth in APPENDIX A. 

Program and project participation in each 
of the shots is tabulated in APPENDIX B. 

B. GENERAL PROBLEMS 

The most difficult problems encountered 
were those brought about by schedule changes 
during the Operation, and the coordination of 
plans affected by such changes. With a group 
comprised of so many diverse interests as par
~icipate in a test series, late changes often 
mt~oduced nearly insurmountable difficulties 
wh:ch reduced the efficiency of operation. 

Another general problem facing operations 
at the Test Site was that of returning personnel 
lo work in contaminated shot areas after a 
dt:tonation. The problem of decontamination af
tu an event was divided into two major parts: 

1. Decontamination of areas that were 
contaminated by fallout. 

2. Decontamination of areas that were 
contaminated by induced radiation. 

The decontamination of ar~as that were 
contaminated by fallout followed the standard 
Predure of scraping approximately 2 to 6 inches d ea~t~ from the required working area, and 

epos1hng the scraped material in a contami
:-ted dump. This procedure was very satisfac
. fh and nonnally lowered the radiation levels 
~ e scraped area by a factor of 5 to 8, depend
d.gt upon the "shine" from the surrounding un-

15 urbed areas. 

c The decontamination of areas that were 
a0 "L:minated by induced radiation presented 
co u~q~e problem because of the fact that the 
th n rrunated laye:r was too deep to allow for 
Te nonnal scraping as in partial fallout areas. 
aro reduce this problem, the ~equired working 

ea was covered with about two ~f-q,f·, ~:1,-

contaminated earth. This procedure normally 
reduced the radiation level by a factor of 3 to 5, 
depending upon the "shine" from the surround
ing undisturbed areas and the depth of new 
fill. An experiment was conducted in which earth 
was mixed with a boron salt and spri.-ad over 
the working area prior to the event . . This mdhod 
shows promise of reducing induced co,1tami.na
tion by a factor of from 5 to 10. 

Some difficulty was expe.rienced with evc·nts 
in which SS materials were exposed to the effects 
of nuclear explosions. Coordination bet w1::en se
curity and the monitor and project recovery per
sonnel managed to solve most of this problem. 
In the future, however, it is recommended that 
any event in ,vhich SS material is to be exposed 
as an affect be reported in the Status Reports 
so thAt advance planning may be accomplished. 

Some problems were experienced in the 
scheduling of dry runs by the various laboratories 
and experimenters. The existing signal system 
at the Test Site would not allow the operation 
of a single area in Yucca Flat for dry runs with
out sending the same signals to other Yucca 
Flat areas where the run was not desired. The 
signal system is being reviewed to increase its 
flexibility and to permit dry runs in any area, 
exclusive of the othe.r areas. 

Minor difficulty was experienced in inter--
net interference between the_ various communi
cation systems of the Test Groups. Although 
various means were tried to eliminate this inter
ference, none was completely successful. Com
munication fn:quencies for futu.re tests should 

. b~.cbJnge_<! t~ ~liminate this problem. 

Page 1,9 
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C. LOS ALAMOS SCIENTIFIC LABORATORY . · 
PROGRAM 

The Los Alamos program at Operation 
P)umbbob had as its general purpose the test
ing of weapon models in various st.ages of de
velopr:-itnt, and the conduct of experiments to 
increase knowledge of bomb design and perform
ance. Severa) specific objectives can be distin
guished, and although some of the test shots 
were aimed at se\'cral of them, most of the shote: 
had a single objective. 

One of the obji:dives was the proof-testing 
of ne\\' weapon models whose designs have be
come relatively finn. Models of similar, although 
not nE:c:essarily indentical, design had been tested 
in earlier operations. Design changes may still be 
made as a result of Plumbbob tests, but it is 
folt. t~at performance~ models of th<'-~ nP.si,ms 
is clc,,::ly }:\l'edict:-~blel 

· - · · · . I Usually 
in c-or.junction w"ith these ·proof t.csts,Jarge-sca)e 
effects tests and other experimtnts were per
formtd. These effects experimtnts werejlanned 
around the fairly ec::rtain expected yiel of the 
bomb model used. 

A second objective was safety testing. 
Models of rec:tnt design were detonated at one 
point and the nuclear performance was noted. 
Amounts of fissionable mat.trial in the models 
wc.-re ,·aried greatly t.o bracket the maximum 
amount the systc:m codd c-on1 ainl :uid still be 
safe when detonat c·d at one point. 

. -A third objective was exploratory testing 
of rMdels to clear up c:e1t.ain principles of de
sign. Rl:lation of yield (or other criteriun of per
fonnance) to a design parameter (such as a
mount of fissionable material) was in\'(i~tigated 
over a wide range so that the optimal point 
c-··1~ h,:, found._ The_ models userl~·cre usual~y _ .. -A four1h objective was the c.-xpe:rinwntal de-
1crmir.ation of f i.;ndamrntal matters of d~sign 
interest whic·b.. could be achievl:d only by explo
ding a bomb[ · · - · ·· · · · · - ·:-· 

Pc1:;e 20 

In many shots for which the primary ob
jective was proof-test or design-parameter test, 
it was possible to do additional experiments. Iq 
this way, work was done on t.he spectrum of 
neut rans, on the spatial origin of high-en£:Tgy 
neutrons within the bomb, on the amount of 
gas burn, and on other it<~ms of design interest. 

CommenJ,s on th(, se.-parate shots _ follow: 

I.' 
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D. UNIVERSITY OF CALIFORNIA RADIATION 
LABORATORY PROGRAM 

The de:vices tested by UCRL during Oper
af ion Plumbbob are logically divined into the 
two c.,tEgories re:prcsent.ed by the Laboratory's A 
2nd B Divh:ions. The test shots in e:ach category, 
thc.-ir r(:-sults and the significant diagnostic cx
pc·rimc·nls (Program 22) conducted with each 
are presi:nted bdow: 

A DIVISION 
.J--==---- ..... 

~Pose 26 . 
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SHOT 

Wilson 

Hood 

Diablo 

Owens 

Shasta 

Smoky 

Wheeler 

Whitney 

Charleston 

Morgan 

In arldition 

Fission Y~eld 
KT ± 5% 

0.00047 

9.8 

70 

16.5 

9.1 

16.2 

43 
0.197 

17 ± 10% 

11 

7.5 

Bhangmeter 
KT :::1~20% 

9.2 

70 

13 

6.5 

13.1 

47 

0.16 

11.3 

8 

8 

to the usual cloud sampling 
techniques, it was successfully demonstrated on 
several UCRL shots that rockets can be used 

CHAPTER II, SECTIONS D. E 

;;,----c - . 
PROGRAM 21 

The complete preliminary results obtained 
by Program 21, plus the published bhangmeter 
and fin ,ball data are presented below in tabular 
form: 

Fireball Yield 
KT+ 5% 

0.00047 

9.4 

70.6 

23.8 

9.4 

22.4 

44.9 

0.153 

23.1 

Remarks 

l 

f 
\ 

,. 
.. 

( 

j J 
l ------- )i 

10.9 

8 

to obtain particu!iidebris samples. This tech
nique will be explored further during Hardtack. 

. ·. 

E. DEPARTMENT OF DEFENSE PROGRAM 

The Weapons Effects Test Program of the 
De~arlment of Defense (DOD) consisted of 44 
P-roJects. A large portion of the DOD effort was 
don~r:ntrated on shot Priscilla since this was a 

ev1ce of known yield and was designed as a 
nqn Wrnpons Effects shot. One of the primary 
0bJectives of the Weapons Effects Test Program 

was obtaining data on the loading and response 
of structures, and documenting blast and shock 
phenomena in the higher pressure regions -
above 50 psi . The Smoky shot was of particular 
interest to the blast and shock program in the 
study of the effects of terrain on blast and 
shock phenomena. The studies of induced radio-

Page 31 
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activity and of the clccfl'omagnetic signal gcn
e:rat.ed by the detonation were made primarily 
on shots with relatively little or no shielding. 

-. The John shot, involving the air-to-air delivery 
of an MB-1 rocket by an F'89D aircraft, pro
vided information on nuclear and blast inputs 
to the delivery aircraft required to establish 
delivery criteria. 

In gc>neral, the projects were successful in 
ac<:omplishing the objectives of the DOD Weap
ons Effects Test Program. 

PROGRAM ONE 

(BLAST AND SHOCK MEASUREMENTS) 

Ad\'ances in weapons systems have created 
the problc·m of designing structures and equip
mc:nt to withstand 0\'erpre.,:..1:ures above 50 psi. 
The collect ion of the air blast and ground shock 
data needed to enable practical design de<:i.sions 
for this high pr<:ssure region was one of the two 
primary objectives of the blast program. The 
second major objective was to obtain data on the 
eff £-cts of rough, hilly terrain on blast character
istics. The large amount of air l.1last data accumu
bt(:d prior to this opc:-ation had he£-n almost 
exclu,;i\·ely flat k·rrnin data. 

The specific objectives of the blast pro
gram were to; (1) obtain free-field measure
m<:nts of overprEc'ssure, dynamic pressure, time 
of arri\'a) and duration in the overpressure 1 cg ion 
bC:twecn 50 psi 1:ind ground zno; (2) c-:xtt-nd 
the data obtain1:-d umler (1) out to the lower 
prersure n·gions (about 6 psi) in ordc,r to have 
c-ontinuity for a complete pn!ssure-distance 
curve; (3) measure the variation wit.h time, 
d(:pfh, and ground range of underground Ecffects 
resulting from overpresrnres higher than 50 psi 
incid(•nt on the ground surface; ( 4) mea!'-ure 
air-induc-ed underground pre,:sures on ll'irge siz.e 
buried nbjvds of different flt:·xibilities in the 
high prc·~sure rf'gion as a function of dtpth and 
ground range; (5) obtain mc?..surc,ment.s of over
pr.::csure, dynamic prc0rsure, time . f a rri\'a}, and 
po3itive ph.ise iluration ;:,Jong: (a) a nat turain 
rtl<:rcncEc' line, (b) one line of low rnlling, rnugh 
terrain, (c) two lines crc 0 0 ing 11:.rge hills of diffor
ing slc,pe, and (d) an ;,pprc,~.irnate line over 
rnugh mountainous terrain; (6) obtain mc.:-:;..ure
nH:nts of the innuence of t.<:nain char&rtu1stics 
rnch as gulliE:s, washes, wounr.s, etc and also 
of the gross tnrain fc.atures on damage to mili
tary equipment. 

The 1r.ain (•ff ort on air bh,st phenonkna in 
high prusure regions was conc·ent rate:d on shot
Pri~cilla. The Stanford Rese,,rrh Institute (SRI) 
and the Ba!Jistics Re~t:arch La\.,c,:atories (BRL) 
we-re the principal test agencies. At ground 
ranges lc·ss than 2,000 foc•t, Jue:::~ ions Wt:re sel..:ct
<:d to in,;me pre.c surc-tiine records b~th.. h,fore 
,:r,d aft(::r pn·cur.,;or formation :::.Qd to" defcrr.1:ne 

· .. ! . 'ip!lf'\ 
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t.he location of the· start of the precursor (pre 
dieted at 600 foct). At grnund ranges of 2,001 
feet and beyond, locations were choi-en to tak 
advantage of towers left from the Teapot Optra 
tion. A new supersonic gage was used to measur, 
dynamic pressure at 3-foot heights at distance 
from 450 to 2,500 feet while the old subsoni, 
pitot-tubc was used at ranges from 4,500 in tc 
1,050 foet. The overlap was for backup purp(lse 
and for comparison of gage types. Standar< 
BRL and SRI ground baffles were used for over 
pn.,ssure measurements and were placed fron 
ground zero out to a ground range of 6,000 feet 
SRI also installed an array of blast swit.che: 
for time-of-arrival mc;isureme:nts so that arriva 
time data from pressure-time records rould b1 
e:xt(:nded and refined. 

Considerable air blast data at ground rangef 
as close as 350 feet were obtained. The highest 
overpressure mea!-ur<:,mcnt was 971 psi at 35( 
feet ground range and the highest dynamic press· 
ure measurement (3 feet height) was 510 psi a ; 
850 feet ground range. Unfortunately, elec-t.ronic . 
measurements at ground zero were lost presum· 
ably due t.o the induction signal produced b~ 
the explosion. The closest dynamic pressurE 
measurement to ground zero was at 450 feet 
where 280 p!-i was rncorded. The large drup frorr 
the maximum pr£-ssure of 510 psi at 850 feet 
to the 280 psi reading represents the first ex
perimental evidt:nce of the expected drop in 
dynamic pressure from the region of Mach tc 
the region of n:gular refll:ct.ion. The few possible 
co,nparisons of the supersonic-head gage witl: 
the !-ubsonic pitot tube gage recording were 
poor, the new gage giving a much higher ra\.\ 
r(;ading of dym,mic pressure 

Static and dynamic pre,.sure gages we.re 
installed on 4 balloon shots ::ind 5 towc:r ~hot.E 
at rnnges which would docum(:nt the complel.€ 
precur~or <:ycle. Strong precursors were formed 
on all balloon shots, but four of the five towe1 
~hots showed lit.tle evid(•nce of a p.recursor, im• 
plying that pn·cursor formation is inhibited by 
tc,~·er shielding. 

Terrain effects studies wne limited to shot 
Smoky. The ground zero was chosen so as tc 
pro,·ide a variety of tHrnin in different dirn·tions. 
Five lines of instruml'ntation were installt,d as 
mEc'ntioned earlier in the objectives. BRL and 
SRI were again the rt-;.ponsible agencies so that 
the primery ovc·rpressure and dynamic pre:::-sur£: 
gages used were of the i-ame type as those o! 

· shot PriscillR. BRL also installed pitch {:;age£ 
at a height of 3 fc-et on two of the lines since it 
was folt that pitch angles of flow over hi))y 
krrain might \'&Ty marhdly from the plane of 
the sk,pe. 

The data !'how that ( 1) measure-cl prersure 
\'a)11es on the flat (C'ontrol) ti:rrain agree with 

' 1 



p:;:dictions, (2) ovcrprcs:.ures on front slopes 
of high ridges are highn than flat terrain press
ures at corresponding distances while back slope 
pre,:sures are lower, (3) overpressures on low, 
rolling terrain are higher than flat terrain press
ur -:s for like ground distances; dynamic pressures 
ere lower, ( 4) dynamic pressures · on front 
slopes of high ridges are lower than flat terrain 
prr~sures at corre5ponding distances and fall 
s!-. ,nply below flat terrain pressures on back 
sll~pes, and (5) the wave forms on all front slopes 
have a smaller rise time than corresp0nding 
w:n·e forms on the flat terrain line. Wave forms 
on the bachidl ~ of slopC's are very nea rly ideal. 
\\" :: \e forms on th,'. low, rolling terrain line nevc. 
did show a strong prc,;;ursor. 

There were 190 channels of instrumentation 
inst:dled to document the ground shnck studies 
of underground acceleration, stress, strain and 
di~;:ihcement induced by the air blast wave from 
the Priscilla sh0t. Most of the instrumentation 
was concentrated at ground ranges of 650, 750, 
850, 1050, and 1350 feet (overpressures of 300, 
230, 160, 115, and 64 psi), and depths from the 
surface to 100 feet. 

Measuwd values of acceleration agree with 
predictions between the surface and a depth of 
10 feet, but remain constant (or increase) be
tween 10 and 30 feet; below 30 feet, values 
again agree with predictions. The consistently 
high values between depths of 10 and 30 feet 
are believed to have been causc:d by inhomo
grnci ties in the soil. A seismic survey made 
during the operation indicated that the soil 
between the surface and 100 feel was not 
uniform, and it is expected that a ccrrelation 
can be made between the results of the seismic 
survey and the acceleration data. In arldition 
to the free-field accekration, data were also re
corded by accelerometers mounted in the top and 
bottom of 3 concrete piles extending to a depth 
of 100 feet. The accelerations at hoth the surface 
and 100-foot levels in the piles were about the 
same as the free-field accelerations at the 100-
foot level. All piles record,:d ahout 5 g's at the 
top and bot.tom, while adjac1::nt surface pads 
recorded 35 to 70 g's. lforizontal accelerations 
w~re lower than vertical acceleration at the 
surface by a factor of 2 to 5, but became equal 
or grealC:r at depths below 30 ff::( t. 

Two types of stress instruments were used: 
SRI used standard Carlson. stress gages and 
AFSWC used large (2-inch diameter) steel 
dru~s with flexible diaphragm ends to simulate 
bunr:d structures. Diaphragms of five thicknesses 
(hflc:xihilities) were used. The values recorded by 
t e Carlson gages show a rapid attenuation of 
5!ress down to a depth of about 25 feet, and a 
nse_ (hy a factor of 2) from 25 feet to 50 feet. 
It IS believed that the records from the 50-foot 
gages art more realistic. The low st.ress values 
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down to 25 feet are probably due to the differ
ence in soil characteristics between the uniform 
backfill and the non-uniform surrounding soil. 
There are two results from the AFSWC drums 
which appear to be significant. First, the stress 
indicated by a diaphragm w2s influenced by its 
flexibility; the more flexible diaphragms recorded 
lower stress than stiffer diaphragms at the 
same location. The comparison of stress to dia
phragm flexibility is expected to give an indi
cation of the response of a structure to under
ground loading as a function of its flexibility. 
The second result was a large decrease in stress 
between the surface and a depth of two feet. 
There is no satisfactory explanation for this 
observation. 

Eight out of ten sh'ain records were lost oy 
partially lost because of mechanical failure o 
the gages. 

Vertical displacement produced by the 
blast wave was about 14 inches at an incident 
overpressure of 270 psi, 6 inches at 200 psi, 3 
inches at 100 psi, and 2 inches at 60 psi. 

A project v.-as also included to study shock 
spectra. The equipment consisted simply of a 
canister containing ten single-degree-of-freedom 
reed gages. Each reed gage was adjusted for a 
different natural frequency of vibration. As the 
reed moves, an attached stylus marks dis
placement upon a record plate. Thus the maxi
mum dispbcement for a _particular frequency_ is 
recorded. The assembly could be mounted to 
either a vertical or horizontal position depending 
on the component of gl'ound shock desired. 
Radial or transverse horizontal measurements 
were obtained by properly orienting the canister 
with respect to ground zero. 

Canisters for measuring the three compon
ents of displacement were installed on five shots 
at locations with predicted overpressures of some 
100 psi. The shots \\'C:re chosen so as to provide 
a variety of soil conrlitions. The canisters were 
placed with their tops flush with the ground 
surface. Additional canisters were installed in one 
of the German shelters on shot Smoky. Only 
preliminary results are available at this ti.me. 
Good records of maximum di~placement as a 
functioh of frequency were obt.ained. Peak dis
placement measured was 3 inches at a fn:!quency 
of 3 cps. Peak accelerations daived fn,m dis
placement data showed the expected small 
accelerations at low frequencies and ll_!aximum 
accelerations (110 g largest measurement) at 
frequencies of about 100 cps. Velocity spectra 
derived :;;howed that peak velocities occured at 
freq uencics of 20 to 50 cps. 
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PROGRAM TWO 

(NUCLEAR RADIATION STUDIES) 

-- Program Two had 10 projects with the 
following objectives: 

1. Neutron-Induced Soil Activity Studies 
(Projects 2.1, 2.2, 2.3, 2.4, and 2.5). 

a. To investigate the gainma activity 
induced by neutrons in three types 
of American soils and in selected 
constitm:nt soil clc·nwnts. 

b. To measure the flux ·and Epectra of 
neutron ra<liation which gi\'eS rise 
t.o the m<casured induet·d activity. 

2. Initial Nuclear Radiation M<:asur..rnmts 
(Projects 2.3, 2.5, 2.9, and 2.10). 

a. To mea~ue the neutron flux, spec
tra, and tot.al neutron dose as a 
function of distance for weapons of 
potential tactical intnest. 

b. To measure initial gamma nose rate 
as a function of time and distance 
for several events. 

c. To measure variation of neutron 
and gamma dose, and gamma dose 
rate with time as a function of alti
tude and <list.ance in order to de
termine the effect of the air-t.:a.th 
interface. 

d. To measure the nuclear radiation 
doses sustained by aircraft news 
in delivery· of an MB-1 ail' to air 
missile. 

3. R,,dio Wave Attc•nuation Studies (Pro
ject 2.7). 

a. To proof-1.est nuckar radiation 
measurement instrumentation in
tended for use on Opnation Hard
tack. 

b. To im=esligale the attf'. Irnation of 
~c.Jedror,rngnetic wavcs by the ion
iz(•d sphere gem:rakd by :--:n atomic 
detonation. 

4.. Shit:lding Studies (ProjPct 2.4). 

a. To measure the gamma and neutron 
!;hielning charact.eri .;tics of foxholes, 
machine gun emplau:ment.s, person
nel shelter units, M-48 tanks, ONT 
OS vehicles, hemi~phe:-res of new 
,,nd standard armor mate:-rials and 
Program 3 structures. 

5. Imtrurnc:nt E\':i.luation (Prnjccts 2.6 
and 2.8). 

a. To proof-test a newly developed 
tact irnl neutron dosimct.er system. 

b. To perform a field operational eval
uation of the IM-93 beta-gamma 
survey meter. 

c. To evaluate the performance of 
specially shidded DT-60/PD and 
l M-107 ;PD nosimet{'rs and stand
ard AN / PDR-43 and AN;PDR-44 
survey meters in measurement of 
equivalent "deep" body dose and 
dose rate, resp(-ctively. 

The results of t.he induced activity studies 
showed that neutron-induced soil activity is a 
definite tactical hazard at early times. The 
primary isot.opes which gave rise to this hazard 
were found to be Na", Mn~t an<l Aln. The in
duced activity was follnd to b~ generat.ed pri · 
marily by thermal nl:utrons, although epi
thennal and even fast neutron contribute to the 
activation. The effect of incrt!ased moisture was 
to incrc-ase the intensity of the fields, although 
the effect is not as critical as had been expected. 

Using the data obtained in these experi
ments, it is indicaf(•d that a foot soldier crossing 
the ground zero area of a weapon of the OwE:ns 
type detonated at 500 feet over Nevada or 
Chester soil at H plus 1 hour would ac<.:rue no 
more than 200 R. If the crossing were delayed 
to H plus 10 hours, a dose of about 40 R would 
be sustained. For Dade soil, which has a low Mn 
and Na cont(•nt, tra\'ersing the induced field as 
early as H plus 1 houl' would not r(.;sult in any 
dose of military significance. 

The results of the initial radiation m easure
ments indicat{,d that for shots Wilson and Owens 
the mearnred neutron dose exc(:t:ned t,pat pre
<lidkd for high neutron flux weapuns by, 

_Jby facturs of 2.5 and 4 respectively. Fo·r Pris-
cilTa the measured dose was lower than the pre
dicted bv a factor of 2.5, while for Frantlin the 
measurf'd and pn•r1icted doses wc·re in \·ery close 
agre<.:mrnt. The Smoky re;:ult.s are prcsl':ntly in
conclusive. The }wavy fallout 1ernlting from this 
en-nt pre\·t:ntE-d recovery of t.he instrumentation 
for several days and th('. rtfore rnnsid(:crable data 
were lost. 

As a remit of the initial gamma measure
mi::nts, it was learned that the t.otal gamma dose 
graoually incn·ases with height above ground to 
r~,ch a \'alue 30 percent grc,ater than the corres
ponding ground rncasurfrnrnt at an altitude of 
400 feet over the first 5 -sC'c:ond inten·al for which 
nata were obt.:iined. The.re is evirlence of change 
of gamma m(.;an free path with time. 

The air-to-:.ir rniss.ile nelin:ry results in
dicate that an MB-1 rocket can he fired from 
an f.S9D i.n1erc:eptor 2irc:raft at an altitude of 



19,000 feet MSL with a gamma do~e to the crew 
of less than 3 R. The neutron dose was below 
the lower limit of detection 'for the foil and 
chemical detectors, however the human counter 
results indicate a neutron exposure of approxi
mately 3 rep. The flight patttm of the delivery 
aircraft has a marked effect on the gamma ex
posure ·received, and in particular, the exposure 
received during the interval of closest approach 
to the fireball was found to be a significant 
portion of the total dose. 

The detectors and dell:ctor circuits pro
posed for electromagnetic wave attenuation 
studies on Hardtack perfom,ed propE-rly in the 
electromsgnetic field, when properly shielded. 
The neutron sensitivity of the detectors was 
not adequate but can be achieved by appropriate 
modifications. It was found that instantaneous 
telemetering of data was not feasible, and that 
recording and re-transmission of the data will 
be required. 

The data obtained on the various para
meters effecting attenuation of radio waves is 
not readily interpretable, and further evaluation 
of the data is required before its significance 
can be det€rmined. Radio waves passing through 
the fi.reball were att€nuated by more than 50 db. 
The duration of the anomalous condition was 
6 seconds. Radar reflection from the fireball in
dicated that this effect is small enough to be 
considered negligible, the equivalent reflecting 
area being less than the reflection area of a 
sphere 0.8 meters in radius. 

Results of the shielding studies showed that 
the buried conduits of Project 3.2 and the under
ground steel-arch shelters of 3.3 provided 
adequate protection against initial ra<liation. 
The unde-rground concrete arch shelters of 3.1, on 
the other hand, did not provide satisfad.ory 
shielding due to scattering through the entrance 
ways. 

The neutron dosimeter evaluation indicated 
that the system tested did not. measure neutron 
dose safoJactorily, and that, in a<ldition, ion 
chamber type instruments do not measure 
gamma dose accurately undc-r conditions d high 
neutron flux. 

The IM-1:23 evaluation, although impaired 
by lack of beta dafa, indicates the instrument 
is promising, however, further development is 
required. 

The shielded IM-107 dosimeters were found 
to give good correlation with depth dose, while 
the DT-60's did not. In the case of the DT-60's 
and also for the AN/PDR-43 and AN;PDR-44, 
more Ehielding appears to be required if equiva
lent d1.0 pth dose or dose rates are to be measured. 
Results were similar for both induced and fallout 
residual fields. 
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PROGRAM THREE 

(EFFECTS ON STRUCTURES AND 
EQUIPMENT) 

Program 3 consisted of eight projects and 
had a rrimary objective of obtaining loading 
and response data on various type,; of above and 
below ground structures in the overpressure 
region above 50 psi. The second major objective 
was to proof test various underground structures 
on a "go-no-go" basis to determine their ability 
to provide Class I (100 psi) and Class II (50 
psi) protection as prescribed in the current DOD 
protective construction policy. Th1:: third major 
objc:ctive was to obtain any l()ading and response 
information from existing structures, constructed 
for past tests in _the Frenchman Flat area. 

As a related objective, these same structures 
were utilized by projects of Progn,m 2 for studies 
of gamma and neutron' radiation shiel<ling within · 
the structures. Two DOD agencies, Ballistics 
Restarch Laboratories, (BRL) and Armour 
Research Foundation (ARF), of Program 3 
provided all structures blast loading and re
sponse instrumentation for the DOD as well 
as CETG structures projects. Also, the DOD 
dome and arch Project 3,6 and related CETG 
dome Project 30.1 were coordinated and mutual
ly supported. 

Participation of Program 3 was concentrat
ed on the Priscilla shot. A total of 25 newly 
constructed, major, full-scale structures, ext.en• 
sively instrumented, were · tested. In addition, 
several more minor full-scale structures and 
several more structures existing from previous 
operations also were tested. 

The eight projects included in Program 3 
were in three general groups: 

1. Loading and response of underground 
structures in the high-pressure region. 

2. Loading and response of above-ground 
structures in the high-pressure region. 

3. Loading and response of various existing 
structures prim:nily in the low and 
moderate pres;;ure regions. 

The projects were very success£ ul in achiev
ing the objectives of the program, anrl have made 
a significant contribution to the blast and shock 
structural loading and response information 
available for the higher pr1::ssure regions. 

The numerous underground structures test
ed sustained less damage than predicted, from 
which it is concluded that the design assu_mptions 
upon which such unde:rground structures had 
been planned and analyzed, wtre more conserva
tive than nece,:sary for the size spans tested. 
It was also shown, confinning theory, that 
under~round arch-t;)'pe shelters are structurally 
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a most efficic:nt type to withstand high over
pressures, and. this type can be readily con
structed to withstand overpressures up to at 
least 200 psi. It is fucther concluded that DOD 
Class I and Class II personnel protection can 
he readily obtained, for 40 kiloton size weapons, 
b_y at least any of the following three types and 
sizes of underground structures tested: (1) the 
underground, commercially available, 8-foot 
diameter corrngated steel or concrete conduits; 
( 2) the underground, 16-foot span reinforced 
concret.e arch structures; and (3) the partially 
1mcierground, 25-foot span, rib-strc-ngthened, 
modified stanclard stock, corrugated st.eel arch 
structures. For the above structures, the results 
indicate that a minimum of about 5 feet of 
{;arlh cover is required to provide sufficient 
radiation shielding prot.c·ction. 

Figure 2-7. Frangibility 1 est. Reinforced 
c:c.,ncret.e pipe rnrrounded by gin bottles. - "' 

P,cge 36 

The above ground dome and arch structures 
t.cst.ed sustained somewhat grc.:at.er damage than 
expected. For the domes this was probably be
cause the reflected pressure loadings on the dome . 

' curved surfaces Wf:re in excess of predictions; f Ol 

the arches the reflt::ded pressure loadings were 
slightly less than perdicted. Considerable anal
ysis of the data obtained is ,required before a 
comparison with proposed analytical methods 
and full-scale test n:suJts can be made known. 
However, the tests on clomes and arches gener
ally confirms theory and model shock tube data 
which indicate that for above-ground protective 
structures the curve:d-surface dome and a,rch
type structures are structurally the most effici
ent type for use in higher overpressure rPgions, 
and that such st.ructures can be constructed to 
withstand overpressures up to at ltast 70 psi. 

PROGRAM FOUR 

(BIO-MEDlCAL EFFECTS) 

The effort of Program 4, consisting of three 
projects, was designed to: ( 1) furnish infouna
tion on the effects of nuclear weapons on a large 
biological sptcimen (i;wine); (2) C:Valuate the 
eye protection afforded by an Plectromechanical 
shuttt-r; and (3) evaluate the ca!:"ualty effect of 
missiles translated by a nuclear detonation. 

To e\'aluate the biological i~ff ect of nuclear 
weapons some twelve hundred swine were sy.;.tem
atically expoc.:!.'d to the effects of shots Franklin,• 
Wi1son and Priscilla. Eye protective devices 
we:-re cvaluat.ed by exposing rabbits and human 
volunteers to the flash effects of Boltzmann, 
Wilson, Priscilla, Hood, and Diablo. The major 
missile information was obtained from the blast 
effects of shots PrisciUa and Smoky. 

Neutron mearnn,m<:-nts were made using the 
system of Hurst, with gold, sulphur, neptunium 
and plutonium detectors. Gamma-ray measure
ments were made by the use of the chemical 
dosimeter system dewloped by Sigoloff. 

Preliminary radiation levels m.::asured in air 
for the unshic:-lded line of exposure on shot 
Wilson indicate that the LD/50/30 of pigs is 
about 500 rep gamma rays plus neutrons. This 
LD/ 50/30 dosage compares favorably with in
formation obtained from project laboratory ex
perirnc-nts, but is considcra bly highue than the 
LD/50 of 230 R obtained during Operation 
Greenhouse. Dosimeters were sutured to the 
postuior gastric wall and also placed in the 
,·;:igina of some animals to c,b1ain d1:pth dosage. 

·The r1::sults of this dosimetry are not yet avail
able. Midline dosimet.ry combined with air dosi
metry should ruult in a <·urre:lation between 
phy;.:.ical dqsimetry and dc,pth-dose response. 

The m::iin t-ff ort was on shot Pri~cilla where 
"'ome 710 swine were in the c,pen and subjc-cted 
to the c-m~cts of the detonation. Be:cause of the 



small number of desired type wounds the evalu
ation of the medical and surgical tre~tment did 
not produce conclu;;ive result;;. There were some 
serious missile injuries. Some 60 odd animals 
were evacuated from the exposure stations with 
eithl=r intt•rpcriloneal contents extended .o·r a 
diagno:a:ed ptnctrating abdominal or thoraco
abd1J1oinal wound . However, because of heat 
du~t, and cannibalirntion of seriously wounded 
ani~:1als by those wounded lrss seriously, only 
19 of the expected 100 animals were evacuated 
from the triage sta_tion for the evaluation of 
m;:diral and surgical treatment study. Under the 
C( 1_nd_itir]nS of the cxperimi::nt, animals suffering 
m!0.;;1Je wounds from glass, in most instances 
r.:.:-ceive~ lethal d~ses of i_rradiation. Many of 
the animals received senous thermal burns. 
There was an in:·erse _association between degree 
of burn and sur-·1\?.l time of the exposed animals. 

Two groups of nine animals each exposed 
to sup~rlethal dosages of ~4~0 r-ep and 1270 rep, 
respectively, of body radiation on shot Wilson 
and 34 animals exposed on shot Priscilla to.: 
le,~<'!r dosages of radiation, were given intra
venous transfusions of a mixture of cells from 
spleen and bone marrow and clinical response 
ob.;;i:;fved. The average survival time of the ir
radiated animals that received transfusionis of 
splt-nic and marrow cells was no lono-er than 
that of other animals exposed at the s:me time 
to comparable le~·els of radiation.. All post 
m0rterns of the annnals that received the trans
fusion gave no evidence of regeneration of the 
bone marrow. 

Peripheral white blood count as obtained 
by the standard chamber counter method correla
ted well with the amount of radiati<m the an
i!!lals received and gave indication of the clinical 
course of the animals in that when the peri
pheral white blood count fell to 2500 or less, 
death of the animal followed within 24 hours. 
The technique of pin-head leurncyte count was 
e-.·aluated, and it was found that for a white 
blood count of about 15,000 there was a tenden
cy for the technician to under-estimate the true 
count while in ranges be:low 10,000 there was a 
he:tter correlation with the standard count. The 
technique of pin-head white blood count appears 
to be acceptable for radiation victims. 

. · Five _a_nim_als placed in machine gun type 
field fortifications near shot Priscilla ground 
zero survived the blast effects but four of the 
animals later succumbed to the radiation and 
thermal effects. Two animals placed in the fox
hoks 36 inches deep at 2730 fef:t and 3000 feet 
from ground zero survived the blast and thermal 
effects, but death occurred due to radiation ex
posure at 6 hours and 91 hours rC'spectivcly after 
exposure. Four anesthdized animals placed in 
crew positions of a tank 1,800 feet from ground 
zero on shot Wilson were dead upon recovery. 
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Because of the extremely high raniati0n dosage 
there is no possibility that a human tank crew 
could survive a similar experience. 

An analysis in considerably more detail of 
the data on the animals exposed close in to 
ground zno will give additional informalion re
garding the dl:'ath of expo;;ed animals. However, 
the clParcut conclusions from these findings will 
remain; namely, that for a large biological speci
men in the open, within the precursor from a 
nuclear wrnpon, the primary cause of death is 
mechanical injury to the organisms due to trans
lation, and ne;;rly 100 percent are killed instant
ly. Out::-:ide the prt-cursor, temporary survival 
may be expected in the open, barring total 
mi!:sile injury, but the radiation levels at these 
ranges are so great that early death will invari
ably ensue. Close-in foxholes may provide suf • 
ficient protect ion to prevent total injury from 
blast and burn, but the radiation shielding is 
inadequate, and a lethal dose of radiation will 
ultimately be the cause of death, with slightly 
longer survival time. 

In the swine exposed to the nuclear device 
the wounrls caused by flying glass fragments 
did not significantly influence overall mortality. 
In a range where the mis.silt-'.s produced a con
siderable number of wounds, irradiation was 
superlethal. 

As a result of the ranrlom exposure of the 
animals O\'er a wide range of distance from 
ground zero, many combinations of radiation, 
thermal and me:-chanical injury were observed. 
If it is feasible to extrapolate these results to 
man, considerable knowledge pertaining to weap
ons effects on military personnel in the field 
should be available following the analysis. 

The eye protection device tested was a high 
speE:d electromechanical shutter. The closing 
time of the shutter after a flash detector senses 
an unusual illumination is approximately ½ 
msec. There wNe two exposure stations, one 
ground station and the other in a C-47 aircraft. 
The stations wtre located at a distance where 
the light permitted through the open shutter 
would not exceed the chorioretinal burn thres
hold. 

The shutter gave complete protection from 
chorioretinal burns and flashblindn~ss. Human 
volunteers ohscrving the detonation through the 
operative shuttel'S had no measurable recovery 
time and no scotoma, while unprotected rabbits 
exposed to the bomb flash received minimal 
chorioretinal burns. 

Volunteers behind inoperative shutters suf
fered flashblindness with a definite recovery 
period. The subjects required 10 and 12 seconds 
respectively to recover useful vision, which 
would still permit thc·m to read aircraft instru
ments. 
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Figure 2-8. Destruction of ZSG-3 airship - Shot Stokes. 



It can be c:,Jnclu!;ivcly state<) that the elec
tromu:hanical shutters tested during Operation 
Plumhbob and under the conditions of this test 
provided protection against flashblindness and 
chorioretinal burns and are sufficiently developed 
to be incorporated into a goggle for service test
ing. 

The project to evaluate the: casualty effect 
of mis.;iles translated by a nuclear detonation 
was carried out by the Lovelace Foundation for 
:vteciical Research under the joint sponsorship 
of the DOD and Civil Effects Test Groups. The 
project was unrh,r the adrninistrative control of 
the CETG and the details will be reported as 
CETG Project 33.2 (ITR 14'18) . 

PROGRAM FIVE 

(EFFECTS ON AIRCRAFT STRUCTURES) 

The objectives of the aircraft effects studies 
were to extend the scope of presently available 
data in line with specific service requirements. 
Definition of aircraft safe delivery criteria for 
nuch,ar weapons was fundamental to all projects. 
Blast inputs, and aircraft skin temperature rise 
from known th(;!mal inputs can be predicted 
within reasonable limits. However, the dynamic 
gust loads resulting from blast, and the thermal 
inputs have been predicted with much less con
fidence. 

Two of the aircraft effects projects involved 
unconventional aircraft, an HSS-1 helicopter 
;:ind a ZSG-3 airship. Both of thrse projects were 
concerned with the problem of delivering nuclear 
anti-submarine warefare weapons. 

Two of the projects involved Naval aircraft 
types, the FJ4 and the A4D-1. Both aircraft 
we: re of small dim(> nsions and short structural 
rc~ponse tinws, one a swept wing and the other 
a modified delta . The FJ4 had honeycomb con
trol surfaces susccpt.able to temperature effects. 
The basic field of interest concerned the air-to
ground delivery. 

_ The remaining project involved an Air Force 
F~~D and was rnnccrned with the critical air
to-air delivery program. Particular emphasis was 
placed upon participation in the John shot where 
the aircraft recorded thermal and blast inputs 
an~ responses, and nudear input information. 
This participation also pro,-ided the first data 
Ot)tained with which to examine the effects of 
gust loads imposed on maneuvering loads. 

Thermal data obtained during the operation 
was of low magnitude, particularly for helicopter 
;:ind blimp projects where no substantial inputs 
~·ere measured. FS9 thermal inputs were also 
insignificant. 

Blast rcspon~es included the crushing effects 
of overpressure and the Effocts due to the &ust 
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velocity. The prediction methods invnlved in
dicated that the Navy predictions based upon 
an experimentally derived curve and utilizing 
modified Sachs scaling were slightly uncl"'n
servative. The F89 project, utilizing the M-Prob
lem curve and modified alpha scaling was found 
to be slightly conser\'ative. 

Time of shock arrival prf'dictions were 
generally excellent. Reflected sho,:k predictions, 
important in calculated gust loads, we:re fair 
for time of shock arrival but were incondusive 
in predicting the magnitude of the second shock 
overpressure. 

The helicopter was limited in its partici
pations due to the comparatively lc,w over
pressure which the fuselage structure could 
withstand. Therefore, for these tests, temporary 
reinforcing was added to the tail cone structure. 
Overpressure levels up to 1.07 psi were received 
with this reinforcing added. Later in the tests 
the reinforcing was removed and levels up to 
0.43 psi were recorded. Correlation of st.ress in
formation was not attempted in the field. 

For the air;;;hip project, results of shock 
wave-induced loading are inconclusive pending 
detailed analysis of film data. Preliminary re
view indicates the possibility of high or fluctua
ting pressures existing in the nose section of 
the envelope during shock passage particularly 
around the aft section of the forward ballonets. 
From the failures which occured, it appears that 
the envelope and possibly baJlonets are the weak 
links in the system. Car suspension systems, 
tail structures, and the car appear to possess 
sufficient strength under the test conditions. 

Results of initial shot participations by the 
FJ4 aircraft showed discrepancies in the analy
tical solutions used to predict structural loads. 
Empirical corrections were made and subsequent 
correlation was good. Wing pressure survey in
formation was also obtained by this project 
utilizing chordwise pressure pickups. This project 
also obtained pn::ssure survey information on 
the wing which may lead to analysis of the dif
fraction loading. The diffraction load, caused 
by the impact pressure of the shock wave at 
high angles of incidence had been con~idered 
unimportant for aircraft employed in past tests 
due to the comparatively long structural re
sponse time. However, it was included in the 
analysis and appeared to contribute a significant 
portion of the theoretical loading on the A40 
and F89. The FJ4 participation had been plan
ned for such low incidence angles that diffraction 
loads were not c_onsidered significant. 

. Gust loading predictions for the F89during 
the tests had good correlation. However, the 
dynamic responses were found to be greater 
than those predicted analytically in the aircraft 
capabilities study. Diffrac~ion loading was found 
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to be negligible, probably due to a longer ce
spon;;e time than predicted in the analysis. 

--- In gE::neral, the preliminary field analysis 
of data indicate that the objectives of tl1e various 
aircraft studies were successfully met except 
for the airship project where further detailed 
analysis is r<·quired before ad(•quate conclusions 
can he drawn. 

The preliminary analysis of test data in
dicated that the cru::hing effects of overpressure 
will he limHing for the HSS-1 helicopter. Suf
fici t nt data \\C:re obtained to ddine these limits 
for the configuration testE::d. The delivery cap
nbility for nuclear anti-submarine weapons will 
not be fully ddined, however, until sufficient 
in format ion is available t.o accurately predict 
the free air effects field for underwat& detona-.. ,ions. 

. •,· 

Pnd(~r the conditions of the t~sts undergone 
by the ZSG-3 airship, the car structure and 
susp(:!'l sion syst.em appeared to be satisfactory 
stn,ngth-wise, but tail assembly movable surface 
stops may rf:'reive damage f.rom shock wave 
foru·s on the control surfaces. For the free-ilight 
wn<lifions, the envelope and ballonet response 
lo shock inputs appeared lo be the critical ele
ment in the ain:hip system. However, a detailed 
analy;, is of response <lat.a is nece~!-ary before 
final limiting crilE:-ria can be established. 

The critical response of the F J 4 structure 
was determined to be bending at Wing Station 
17.5. Good cuire:lation was obtained between 
me::i sured and analytical structural data for low 
yield weapons. Methods for predicting thermal 
inputs \\ e.re not satisfactory. Howe\"er, predic
tions of maximum temperature rise based upon 
rnea, ured inputs gave good correlation. 

Sufficient data were obtained for the pur
pose of confirming the delivery capability of the 
A4D-1 airplane for low-yield wc:apons. Wing 
preE,-;Jre data we.r(! collect~d for the pr~limin~ry 
inwstigation F-nd_ analysis of the d1ffract1on 
lorirl :ng nwch,m ism. 

The dynamic response of the F89 to the 
bl2st a1=rnciat-€d with a nuclear detonation pro
duced higher wing loads than predicted analy
tically in the capability sh1dy. Thnefore, the 
delin,ry techniq uPs 8pecified in this study are 
unu;:iscr\'ative. For the conditions tested, the 
~i gn:ficant F89 structu~al loads re.;; ulfed only 
from the gust a ~·sociatc:·d v.·ith the shock wave. 
Thi.:rmal and diffraction effocts we:re so small 
a.s to he unimporL,nt. Increme:-ntal <lynamic loads 
h ere not affc·ckrl liy the magnitude of maneuver
ing lo:-irls l'xisting on the structure at shock 
,H n\"al 

- .. ' . .. . .. ... .. .,..., 

PROGRAM SIX 

(TESTS OF SERVICE EQUIPMENT AND 
MATERIALS) 

Program 6 consisted of five projects: ( 1) 
a minefield clearance study; (2) a project to 
measure the magnetic field from a nuclear de
tonation; (3) an investigation of the effects of 

·a nuclear cloud on the propagation of radio and 
radar signals; ( 4) a project involving the long 
range detection and location of nuclear det.ona
tions; and ( 5) a study of the rndia t ion effocts 
on :;uided mic:sile components, materials, and 
syst{:ms. 

In the mine clearance study, the principal 
objective was to investigate the behavior of press
ure actuated anti-t.ank mines under blast load
ing from a nuclear det.onation. Specifically, it 
\\ as <lcsired to determine the reliability of a 
sp,:·cially developed method for predicting the 
probability of mine actuation under blast effects 
of a nuclear weapon; to study the effects of 
burial depth on mine actuation; to ascertain the 
effect of sympathetic actuation on the extent 
of mine ck.-, rance, and to determine the effects 
of changes in the ~hape of the overpressure pulse 
on mine response. Secc.,ndary objectives were to 
t.est the vulnc- rability of three types of influence 
anti-tank mine fuzes to a nuclear rletonation, 
and to det.f:rmine the ground contamination 
pattern of an E-5 chemical land mine detonated 
by nuclear blast effects. 

The mine ckarance study was conducted 
on shot Priscilla. Live and inert versions of 
fift Len types of United Stat.es, NATO, and 
other fon•ign anti-tank mines w<:re exposed at 
prcdictf:"d overprc~surcs to obtain 90, 50, and 10 
p(:rccnt actuations. To study the effect of buried 
depth and the effects of changer, in the shape 
of the pre~sure puh:e, the US Universal Indicator 
Mine was expo:::ed in the region from 5 to 60 psi 
at burial dc·pths from O to 36 inches. The "ulner
al:> ility of the three influence type mine fuzes 
was ksted _by t'. Xposing samples at pru lict.ed 
o,·trpressures of 60, 10, and 5 psi. Data on the 
cont amination pattern of the chemical mines 
wer e taken at 8 psi. 

Prelimina ry examination of the data ob
t.ained indicates: (1) that the method used to 
pr(·d ict the prnba bility of mine actu:-i t ion is 
rc:>sonably accurate; (2) that sympathetic actua
tion ext.ends mine clearance under nuckar blast 
efft.cts; (3) that mine re:eponse under nuclear 
bl?.st effects increases with burial depth to be
tw('Pn 6 and 9 inches, and thrn decn:ases at 

• greater depths; (4) that as the shape of the 
presrnTe pulse changes from a relatively slow 
rising front in the piecursor region to a fast 
rising ·front heyond Hiat region the mine re
sponse knds to increase; ,,nrl (5) that the: three 
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influence type fuzes tested appear to be ~elatively 
invulnerable to a nuclear dct.onation. 

--- In the project to measure clectromagnet}c 
<:ff ects, the principal objective was to measure m 
the near field region the magnetic component 
of the electromagnetic pulse emitt.ed from a 
nucl('ar de:fc1nation. Specifically it was desired 
to obtain a time n:cord of various spatial com
ponents of the magnetic field at several distances 
from ground zero with the purpose of: (1) 
asce;rtaining the effects of this phenomenon _on 
ma{Tnetic influence mine fuzes, and (2) of in

vestigating the pm.sibi)ity of using th_e early 
arrival of these phenomena to t~mporanly neu
trc.lize mine fuzes that would otherwise detonate 
on the lat€ ar.rival of other effects. Measure
ments were taken on shots Lassen, Wilson, Pris
cilla, Hood, Diablo and Owens. Two to five 
m1.,asuring stations were established on each 
shot at r&ngcs from 650 to 14 ,400 foet from 
f l 0und zero. Excellent records 9f the azimutha_l, 
redial and w:: rtic:al components of the magnetic 
fiE·ld in the frequency band up to 200 kc were 
obtained. 

Preliminary obser\'ations indicate: ( 1) the 
1::irgest <:ornpon (.' nt of the magnetic field lies in 
the azimuthal clirection; (2) strong compon,nts, 
which do not resemble the azimuthal component 
and possibly have a different origin, exist i~ the 
radial and vertical directions; (3) the signal 
strength \'aries inversely at 1eas_t as the f-q~are 
of the distance from the det0nation and possibly 
as the cube; (4) the field is reduced to below 
an order of rna gnit ude of the peak field st rE:ngth 
in less than 100 microseconds with weaker signals 
persisting in some cases for several milliseconds. 

In the investigation of the effects of a 
nuclear cloud on the propagation of rndio and 
radar signals, the ohjective was to measure the 
at kmrn t ion of f H q uencies in the region from 
4 me to 92-15 me caused by their propagation 
through the ioniv.,d environment o_f a n_uclcar 
cloud. \\Tith the measurements obtamed, 1t was 
planned to calculate the rate of eh,ctron re
moYal within the cloud. 

Mc2.sur(: mc nts were made at approximately 
4 me 20 me 160 me, 960 me, 3 J 00 me and 

I J f • f 9200 me b\' trnmmitting these requC'nc1es rom 
an aircraft" flying a C'ourse so as to direct the 
c,nergy through the cloud to a set of gro~nd
}ia"ed rece:i vers. The c,utput of the rc·ce1vers 
wa~ 1ncas11red ;ind compart-d with pre -shot cali
bration data to determine attE:-nuat ion. 

Me2surements ,,·e:re made on Frr~nklin, 
Lassen, and Wil"on. No att.c:nuation of any of 
the test fn-qUf·ncies occurred as a consequence 
of pa'~~;age through the clouds. 

In &ddition to taking attenui=ition rncasure
rn r- nts, an X-band radar was used to i:l-:in hctck 

Po'i• 4J 

--------

a Navy FJ-4 aircraft screened by the nuclear 
cloud of Priscilla. Tn1cking was performed from 
H hour to H + 6 minutes with the cloud inter
posed at about H + 3 minutes and H ~ 5 minutes. 
No rnduction in the strength of the signal return 
was noted throughout this period. 

To fulfill Air Force requirements for an 
"Atomic Strike Recording System," the Air 
Force Cambridge Research Center (AFCRC), 
through project 6.4, had the mission of co~
tinuing the investigation of a sy?tem _that will 
indirectly detect and locate atomic stnkes. The 
~p~cific objt-cti\'cs included a study of the acc~
acy and re:liability of the syste:m as a function 
of distance and to investigate methods to isolate 
the bomb pulse from transients. 

During Plurnbbob three nets ~ere operat
ed-{)ne at Albuquc,rque, 550 miles from the 
test site; another at Vale, Oregon, at 480 miles; 
and the third at Rapid City, a distance of S30 
miles. Forty lines-of-position were obtained. The 
average error was 0.5 nautical miles in Albu
querque net, 0.4 nautical miles in the Vale net, 
and 0.8 nautical miles in the Rapid City net. 
These lines-of-position gave fixes having an av
e:rage er-ror of 0.8 nautical miles. In general, the 
times of dC'tonat ion was established with an 
error of less than j O milliseconds. 

Lightning transient information was collect
ed for approximately 10 hours throughout the 
t{•st series at times of maximum thund&storm 
acth·ity. It was found there was no coi:isista_nt 
pattc:rns peculiar to the wave fonns, fie)~ m
t cr.siti~s, or pulse durations of these transients 
that would distinguish them from the electro
magnetic pulse of a nuclear detonation. 

To spf:'ed data wduction and analysis, a 
svstem known as "area gating'' was tested. By 
this sys1em the film n ·cords of electromagnetic 
tran"ients originating within a 20-mile radius of 
the detonatiun were marked electronically, there
by reducing the amount of data that had t.o be 
analyzed. •n1e "area gating" system was tried 
on six i::hok On these ew,nts data were col
ltcted for about % hour, and the "area gating" 
sysffm cor-rectly marked the record for con
rnrrent n·duct ion and analyi:is. With the record 
so marked, upt'rators ·were able to select the 
com~ct data, analyze it, and report the fix and 
de:tonation time in less than 15 minutes. 

In the project ir,volving the study of ~a
di;;tion C>ffects on guir1ed missile components, 
materials, and systt-ms, the principal obj~ct}ve 
was to a~certain the effects of nuclear radiation 
on the guid,.nce package of the NIKE-HER· 

- CULES guided mfr~ile. An <:xploratory_ inves· 
ti.,ation was also conducted t.o detumme the 
effect of a nuclear envirc,nmLnt on the propa
gation of X-b::;.nd radar fignals used to cuntrol 
a mi<sile: 



To fulfill the objective;; of the radiation 
study, vacuum tube and tran:,i :;tor versions of 
the guidance package were exposed on shots 
Wilson, Owens, and Morgan at integrated neu
tron flux levels ranging from 11 orders of mag
n it ude per square centime:tcr to 14 orders of 
magnitude per square centimL:t~r. Dynamic re
sponses of the circuits were monitored through 
•.ime zero to about H_;_ 1 minute.! 

. · _ . JPost exposure 
st udies on the pRckages are be:in- conductt>d at 
Bell Laboratories to determine causes of circuit 
fa ilure. 

In the propagation study, attempts were 
m;.; de to measure the attenuation of X-band 
frt•que:ncies through the fin·ball and to ascertain 
the n ·flc-ctive characteristics of the fireball and 
nuclear cloud. To obtain the attenuation meas
urements a beacon transmit.ltd energy through 
or nC'ar the fireball to a missile tracking radar, 
;vh.::re the signal levels were recorded. The .e
fl (•dive charactnistics were det!:rmined by trans
mitting energy toward the fireball and cloud 
with a target tracking radar and noting the 
kvel of the signal return. 

Records of the attenuation measurements 
f,Jr various shots indicate the beacon signal was 
h t(•rrupted to some ext<:nt within the three
~~-cond period following time zero. On the Fran
k !in shot, this amounted to a complete black
out for about 3 seconds. On •the Kepler shot, 
where the b~am of the beacc,n was sighted ap
proximately one fireball diameter to one side 
of the device, the signal inturuption was char
acterized by many missing pulses up to H ± 0.2 
SE:conds, and by approximatdy 15 db of atten
uation from H ± 0.2 seconds to H±l second. 
Other data were collectt!d but have not been 
analyzed as yet. There is some opinion that the 
signal interruptions were cau!,ed to a great extent 
by dust and other particlC's sucked up from the 
ground. 

In the reflC'ctivity investigation, signal re- . 
turns from t.he fireball and cloud of several de
t-Onations were noted, but. as in the attenuation 
measure:ments, it is not known whether these 
Wtre caused by ionization or resultt:d from dust 
and other particles. 
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PROGRAM EIGHT 

(THERMAL RADIATION 
MEASUREMENTS AND EFFECTS) 

This program accomplished the following: 
invcstiga led the thennal protect ion of the in
dividual soldier, determined the effects of ther
mal radiation on a standard reforcnce material, 
evaluated laboratory methods for determining 
the protection afforded by uniform systems, and 
tested some instrumentation systems. 

For the protection of the individual soldier 
in the reuion of 5-25 cal,'cm\ 3 hot weather 
uniform e;sembles, several shielding materials 
and a fla shburn cream for the p.rotection of 
the hands and face were tested. It was found 
that none of the uniforms would withstand the 
thermal input energies of interest to the Conti
nental Anny Command (CONARC) and re
main usable. Two of the experimental uniform 
ensembles, nevertheless, offered some protection 
to the individual, while the one p.resently re• 
commended for standardization did not. Tht 
primary difference in degree of protection be 
tween these is believed to be the result of the 
fire retardent treatment given the two new ex
perimental uniforms. The one under considera
tion for standardization was not so treated, and 
flamed, producing severe and extensive burns, 
while the burns under the others were less 
severe and considerably less extensive. The 
shielding materials gave some protection to both 
the uniforms and the flesh where sufficient spare 
between shield and the protected item existed, 
as would be expected. The flashbum· cream ap
peared to provide fair protection to both levels 
tested, 15 and 25 cal/cm\ and only a few small 
areas of bum were noted. 

For the studies of thermal effects on a 
standard reference material, alpha cellulose 
papers were used as a reference standard to 
compare the results obtained in the field with 
those obtained in the laboratory. The data ob
tained indicated that laboratory methods for 
studying ignition of cellulose materials appear 
to be adequate as to radiant exposure, pulse 
shape, and geometry. Due to blast effects any 
definite differences in thermal effects due to 
aperture size could not be determined. 

Two new types of passive colorimeters were 
tested, one developed at the University of Ro
chester and one developed at the Naval Ma
terial Laboratory. Both gave good results within 
the limits tested. ---A streak spectograph system to be used 
for Operation Hardtack was tested by the US 
Naval Radiological Defense Laboratory, with •. 
satisfactory results. 
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Improved instrumentation of similar types 
to those u.;ed on Operation Redwing for making 
measurements inside the fireball were tested 

---by the Wright Air Development Center. In 
addition, some new instrumentation consisting 
of various materials including ceramics, metals 
and plastics inserted in spheres and a ballistic 
shape, was tested to learn something of the 
t:ffects of t henna] and electrical conductivities 
and ionization potentials on the mechanism of 
ablation. 

PROGRAM NINE 

(SUPPORT PHOTOGRAPHY) 

This program was primarily of a support 
nature and consisted of a single project which 
was concerned with: 

... 

SHOT 

Franklin 

Lassen 

Wilson 

Priscilla 

Hood 

Pascal A 

Owens 

John 

Smoky 

PROJECT 

5.2 

6.3 

2.10 

2.10 

6.3 

6.3 

1.3 

3.6 

4.1 

8.1 

8.2 

2.1 

8.2 

9.1 

6.3 

2.10 

1.2 

9.1 

9.1 

6.3 

1.8 

1.8 

5.2 

1. Technical photographic support of the 
military cff ccts programs. 

2. The documE::ntation of the c,vnall mili
tary effects program and production of 
an effects motion picture. 

3. The documentation of the detonations 
for reh·ase through Joint OHice of Test 
Information, and for historical pur
poses. 

4. The ge:neral photograpr ic support of 
DOD projects. 

For the purposes of technical photogrc:phic 
support, Program 9 provided camera instru
mentation on 10 shots of the test series as 
follows: 

PURPOSE 

Blimp effects 

Cloud tracking 

Kytoon position and effects 

Kytoon position and effects 

Cloud tracking 

Cloud tracking 

Shock wave photography 

Dome deflection 

Bio-medical photography 

Thermal effects 

Skin simulant effects 

Cloud tracking 

Skin sirnul<'tnt effects 

Gro!Os effect views 

Cloud tracking 

Kytoc.,n po~i1 ions 

Rocket launcber and canister 
po~itions 

Fireball photography 

Cloud tracking 

Cloud tracking 

Shock wave photography 

Tank model photography 

Blimp cfft.cts 

.... , 



For the purpose of .tw.wK.Jllat.oft GI h 
weapons effects program, and tne production of 
a military effects motion picture report, approxi- · 
mately 75,000 ftet of color motion pictures 
were taken at the test site. This footage was 
planned and accomplished to cover the signifi
cant features of participation of each Depart
mc:nt of Defense project. From this footage a 
military effects motion picture is being produced. 

To document the detonation for historical 
purposes, and for releases to the press, both 
color and blarl.-. and white coverage of each 
dctonati<m was accomplished from an airborne 
camera station and a fonvard area manned 
camera station. 'This coverage consisttd of ~till 
and motion picture photography. By the me of 
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• .,.., .• tory facilities established at the test site 
it was possible to process, clasbif y and release 
coverage to the press within two hours after 
each detonation. 

In general support of the participating DOD 
projects, approximately 5,000 still photographs 
were made at the Test Site. Immediate prints 
were produced for use of the projects. Labor
atory facilities were also used to process micro
file and oscillograph records as required. 

Although some photography was lost due to 
unmually high prc5sures which destroyed the 
camera stations or unexpected radiation levels 
which fogged some film, the overall technical 
photographic effort can be considered successful. 

F. CIVIL EFFECTS TEST GROUP PP()GRAM 

The Civil Effocts Program broke into six 
major categories: (1) studies of fallout; (2) bio
medical and physical aspects of prompt gamma 
and neutron radiation; (3) blast c,Cfects on struc
tures; (4) biomedical effects of blast; (5) radio
logical contamination, decontamination, and 
training, and (6) instrumentation and support
ing seniices. 

Fallout studies were the most successfu1 
conducted in and around NTS to date. Fallout 
patterns were delineated and rr.app~d in detail 
to distances of 600 miles from ground zero by aer
ial monitoring methods and ground survey teams. 
It was found that aerial surveys agree within 
25% with gamma intensity measurements made 
three feet above ground. Seve.al "hot spots" 
were delineated; one occurring at 78 miles had 
an infinite dose of -10 R (greater than 500 mr/hr 
at H± 12 hours). 

The detailed fallout maps materially as5is
ted in refining the predicted megacurie yields 
of deposited activity presented by the Fallout 
Predictions Unit pHsonnel during pre-detonation 
briefings. 

For each shot studied, 200 to 300 fall out 
collecting trays were exposed and later pro
cessed in the laboratory to separate 14 particle 
fractions. Fl'om this material data were ob
tained on beta and gamma enHgy spectra and 
decay properties of debris by particle size and 
fallout time; radioactivity per particle relation 
as a function of size and time of fallout; certain 
physical and chemical characteristics relative 
t-0 padicle size and time of fallout. 

Associated with the fallout studies, deter
minations were made of the pcrsist.ence of fis
sion products in tissues of native rodents and 
1a&omorphs with special emphasis on the radio- r 

isotopes of , strontium, barium, cesium, 
cerium, ruthenium, zirconium, and plutonium. 
Determination was also made of the influence 
of detonation characteristics on the biological 
fate and persistence of radioacti\'e debris at vary
ing distances along the fallout pattern. Two 
detonations of approximatt:, J the same yield, one 
tower and one balloon shot were studied in this 
manner. 

Important work was completed on meas- • 
urement of the directional distribution of radi
ations at various distances from the hypocenter. 
For gamma rays, the physical quantity meas
ured was the first collision tissue dose using 
chemical dosimeters developerl by the School 
of Aviation Medicine. For fast neutrons both 
energy distribution and the first collision tissue 
dose were measured lJsing threshold detectors de
veloped at Oak Ridge National Laboratory. 

It was found that the distribution for the 
case of gamma radiation was cs..~ntially pf'aked 
about the direction defined by th.:- point of de
tonation and point of measurement. For fast 
neutrons the angular distribution can be re
presented by a spherical distribution plus a 
peak along the previously defined direction. In 
both cases the angular distribution is rather 
insensitive to the type of weapon and to dis
tance from ground zero. 

The data obtained will have great value 
as input for the determination of the amount 
of shielding afforded by any type of structure 
to prompt bomb radiations. ---

Measurements were made of gamma-ray 
and fast neutron,; dose inside two identical 
Japanese-type hou~cs at the same distances from 
gro~ zero for-.one shot. It was four-rtthat both 
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neutron and gamma-ray dose in the house varied 
by a factor of 2 depending on the exact location 
of a point within the house. The dose correlated 
rather well with the distance as measured from 
the point of entry into the house to the point 
of measurement along the ray path from the 
burst point. 

It was also found that the dose measured at 
stations located on the side of a hill was es
s~ntialJy the same as for those stations located 
on level terrain at the same slant range from 
the point of detonation. 

All of these dat.a will assist materially in 
the det.ermination of indhidual doses received 
by the Japanese at Hiroshima and Nagasaki. 

Associated with the precise measurements 
of radiation dosages were the exposure of large 
and small animals to prompt bomb ,adiations. 
Mire, m0nkeys, sv.ine, and burros were utilized 
to develop interspecies relationships and to cor
relate Plumbbob results with data obtained in 
earlier test series. Of particular interest was 
the .esponse of burros to an acute dose. Of 88 
burros exposed, 42 died within 3 days, a re
sponse pattern unexpected in severity and_ swift
ness. 
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A major portion of the Civil Effect Test 
Group structures tests were in the form of 
FCDA-sponsored projects. These resulted in im
portant measurements concerned with the design 
of reinforced concrete dome shelters, a dual
purpose garage shelter, a family shelter, and a 
modular reinforced brick unit. An array of 14 
shelters designed by engineers in France and 
Germany and financed by those nations were 
tested at overexposures ranging from 75 psi to 
200 psi. These foreign shelters were of more 
elaborate design than comparable U. S. struc
tures, and they w&e exposed to pressures higher 
than those to which the U. S. civil shelters had 
been exposed previously. Accordingly, the re
sults of this portion of the test program will be 
viewed with considerable interest by engin.:ers. 

Within the blast biology program, experi
ments were conducted to expand ouz under
~t&nding of the human side of protective con
struction with the objective of defining a bio
logically accept.able shelter environment. Data 
were obtained on the biological response to va-, 
rious patterns of overpressure; on the charac
teristics of blast-induced missiles; on the physi
cal displacement of biological target by blast
induced winds; on , esults of the temperature 
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ri;;(: in"i<lc a structure; and on the characteristics 
of dust in closed sht:ltcrs. Associated work was 
accomplished on blast-induced pressures inside 
op1:n structures in continuation of research on 
the design of shelters not requiring doors. A 
unique variation in effects phenomena was ob
served in connection with this program when it 
was found that dynamic pressure for Smoky 
exC(_,eded by 40 to 60 times the dynamic pres
sure of Priscilla at approxima tcly the same side
on pressure .ange. 

A valuable radiological defonse experiment 
was conducted by a Civil Effects Test Group 
which occupied a protective shf:lter in a region 
of heavy fallout. For the Diablo shot the over
PW' ,ure at the shelter was apr,roximately 4 psi, 
which did not approach its structural resi5-tance 
proved in other tests to be above 25 psi. 

From measuremtnts made before and after 
fallout arrival, it was found that the shelter, 
having a minimum earth-cover thickness of 3 
feet, provided an average shielding reduction 
factor of about 10,000. All openings in the earth 
cover for ventilation and other purposes were 
satisfactory from a radiological standpoint with 
the exception of the straight entrance way. The 
carefully designed shelte.r monitoring system pro
vid~d adequate information. With one exception, 
all objectives of the second phase-the radio
logical recovery phase-~£ the experiment were 
met. 
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The Civil Effects Test Group supported 
practical training in radiological operations in 
the field. Under the sponsorship of FCDA, a 
g.roup of exercises were conducted for radio
logical defense leaders selected from State and 
local civil defense organizations. Training includ
ed actual experience in ground and aerial moni
toring in a fallout field. 

A system of remote gamma radiation moni
toring was carried out at stations at distances 
between 30 and 300 miles from the Test Site. 
The system rcpocted off-site radiation intensities 
resulting from fallout by the rnechanism of dial
ing the station through the commercial telephone 
network. Upon challenge, information was trans
mitted automatically by the station in the form 
of a coded signal. As a pilot study, the system 
was also utilized on-site for the guidance of 
personnel conducting post-detonation recovery 
operations commencing at H + 5 minutes. In
strumentation successfully .eported on radiation 
intensity immediately after shot time at ranges 
where overpressures of 80 psi were received. This 
pilot effort conclusively demon~trated that early 
data on close-in radiation intensities may be 
obtained without the exposure of human moni
tors. The data obtained have also pointed the 
way towa-rd developmental work to eliminate 
certain difficulties in detector performance and 
response. 
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G. SANDIA CORPORATION PROGRAM 

The conduct of projects having prime in
terest to and being sponsored by Sandia Cor
poration was embraced by Program 41 of Op
eration Plumbbob. The program included th~se 
separate projects: 

PROJECT 41.1 - FIREBALL STUDIES 

The objectives of this project were: 

1. To continue exploration of the effects 
of close-in fireball ph,:momena on basic 
materials. 

2, To continue eXploration of the effects 
of dose-in fireball phenomena on wtoap
on components. 

3. To gain further understanding of fil-e
ball physics. 

The mE:thod of accomplishment was as fol-
lows: · 

A 24-inch diameter steel "Peace Pipe" was 
constructed in the center of the Fizeau tower. 
This stt.:el column extended from a concrete 
i;helt.er homing recording t-quipment at the base 
of the tower to within 175 feet of the weapon 
in the tower cab. The column was constructed 
of 20-foot sections of pipe joined together by 
large bolted couplings. The materials and com
ponc-nts to be exposed were located in the 
couplings. The voids in the column were filled 
with grout to increase the inertia. 

A portion of the components had their 
p.:rformance during the event recorded elec
trnnically in the shelter at the base of the tower. 
This was accomplished by running shielded 
cables through conduits from the cvuplings to 
the shl:Hd. }.fag-netic tape recorders, oscil1o
graphs and oscilloscopes were used. Four 2-inch 
vacuum pipes extending from the shelter to 
four different elevations we.re used t.o measure 
gamma and neutrons versus time. The entire 
top 40 feet of the "Peace Pipe" was filled with 
helium and conlained the primary fir(•ball rhysics 
experimrnt.1t ion. 

A lal'ge port ion of the basic mat-crial study 
used 15 corrngated pipes buried flush in the 
ground and pointed at t.he device. These "pits" 
were 6 feet in diam£-t.er and 18 feet long, &nd 
were lornt.(:'d at ground distances of 500 to 
2,800 fE:-et. The makrial s::,mples were mountE:d at 
the ends of the pits. This arrangement mini
mized the effects of missile damage on the 
samples. Additional m::ite::rial samples were 
mounted on two large steel billets locau,d be
neath the to,, u cab on the side of the tower. 
The billets ackd as ine:rtia carriers to facilitate 
recovery. 
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The "Peace Pipe" was photographed by 
high speed cameras located on Red Rock Butte 
and the hill east of the control point. Pre
liminary results can be found in I TR Report 
Nos. 1516, 1517, 1518, and 1519. Final results 
will be published as WT Reporls of the same 
numbers. 

PROJECT 41.2-

WEAPONS VULNERABILITY 

The objectives here was to increase the 
general knowledge of the vulnerability of nuclear 
weapons to nuclear bursts and, in particular, to 
demonstrate the capability of Sandia Corpoca
tion to build a tough nuclear device as· similar 
as possible to an actual weapon. This project 
was tied intimately to Project 41.1. The two 
provided a vulnerability study ranging from 
basic materials through weapon components to 
completed weapons. 

Eight tough modified L . _ . -\ were lo
cated atop 250-foot and ~75-foot"telE:,;sion 
towers within 250 to 400 feet of Fizeau bomb 
ze.rn. The units were complete weapons v,;th the 
exception of high explosive and nuclear ma
terial. Six nominal units contained magnetic tape 
recorders which monitored pressures, accelera
tions, and fut.hig and firing functions. One extra 
tough unit and one weaker unit were not instru
mt:nted but depended enticely on "before and 
after" inspection. 

These tough r - 7were also photo
graphed by high speed c~as located on Red 
Rock Butte and the hill east of the control 
point . Preliminary .esults can be found in ITR 
Report No. 1520. The final results will be pub
Jjshf'<l as a WT Report of the same number. 

PROJECT 41.3-

NEUTRONS VERSUS ALTITUDE 

The goal of this project was to determine 
the effect of ground terrain on the measure
m.:~ nt of free field neutron flux. 

Foil detectors were located on the ground 
and on the vertical mooring cables of 23-foot 
diameter polyethylene ba11oom· .. The activations 
of the gro'L'.nd and altitude IoJs were compared. 
The balloons were photogra}>ned from two ca
mera stations ._;• zero time w determine their 
r,pace position. 

The balloon array used on shot Wilson was 
as follows: 

1. A balloon st.ring 900 feet from growwl 
zero to an altitude of 700 feet. 



I 
I 

\ 

\ 
\ 

\ 
' 

\ 

\ 

\ 

\ 
\· 
· \ 

\ 
\ 

I 

\ 

\ 
\ 

\ 

CHAPTER II, SECTION G 

\ 
\ 
\ 
\ 

\ 
\ 

\ 

Figure 2-12. Typical Tower Cab and Instrumentation Platforms. 
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2. A halloon string 1,800 feet from ground 
zero to an altitude of 1,200 feet. 

3. A balloon string 2,700 feet from ground 
zero to an altitude of 1,500 feet. 

4. A balloon string 3,600 feet from ground 
zero to an altitude of 1,500 foet. 

Preliminary results can be found in ITR 
Report No. 1521. The final results will be pub
lished as WT Report of the same number. 

H. TG 57 PROGRAM 

INTRODUCTION ,...._ 

- · j'rhe 
first concern, as with any nuclear weapob is 
one of ~.afety from nuclear yield in case of acci
de:ntal explosion by static spark ignition, impact 
ignition, fire, etc. First testing of a weapon of 
this type mnst focus upon assuring nuclPar safe
ty. Projects 56 and 56B, performed by Los 
Alamos and the Univer::ity of California Rarlia
tion Laboratories, respectively, were devoted to 
this cnd. Termed one-point safety test~, they 
chf.!chd the devices in question by firing the 
wc~apons at one detonator location. 

Obviously no weapon can enter production 
scht'duling and ultimate stockpiling until a pro
nouncement of one-point safety can be defended. 

With nuclear safety from one-point firings 
a :=sured, an insidious though le5s significant prob
lem rl'mains: plutonium contamination. Pluto
nium is an alpha emitter and th<,rcfore no real 
1::xternal hazard; fortunately, the oxides of plu
tonium forme:d in a one-point detonation are 
essentially in!:>oluble in the fluids of the GI tract 
(0.003%). Once in the stomach their stay in 
the body is !:'hort since they are tx crcted practi
cally a5 an ine.rt mal€rial with virtually no body 
assimilation. Inhalation is a different mE-chan
i!'m entirely and one ·which does hold consider
able threat. Any particle: small enough to Jcach 
the !ower respiratory tract apparently has an 
e: xcellcnt chi=ince of clinging to al"eolar 1m.faces 
and st.iiying to do .adiat ion damage locally with 
a half life of approximatdy l•ne )'l:ar. Some of 
the finer pa rticulate matt.er c&pt 1.ir£>d may be 
1aken into the blood stream over a period of 
!:'cveral days. This material stays as a blnod 
burdt:·n until its trace solubility allows eventual 
?.!=-~imibtion to · the extent of some 70 percent 
of the matc,;ial tarried. (Actually 70 years is 
judgc·d !-uffici1·nt lo allow only 34 percent of 
hody l'quilibrium to obtain). This 70 pe:-rcent 
is dif'.t ribut.cd principally to the bone where it 
re,-ides indefinitely as far RS human life span is 
conce:-rned. One cannot outlive the influence since 
tht alpha half-life of plutonium is on the order 
of 20,000 Yl:.l rS. 

With the introdu('tion of~~- .);1uto~ 
nium-be~1ring w<:ap0ns we thtn have -a-,-sl•.nes of 
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new problems. A rough list of the stages at which 
aC"ddcnts might occur is as follows: 

1. First mating of high explosive and plu
tonium, assembly structures, etc. 

2. Loading finished wt:apons for shipment 
to storage sites and other receival areas. 

3. Actual transportation to storage or 
recei,·al sites. 

4. Charge-out from storage by military for 
training, defense flights, scrambles, etc. 
(Handling, jettison and cra5hes). 

5. Movements of weapons within a storage 
site for inspection or surveillance. 

One i;uch weapon is now available, is issuir.g 
from production lines, and is heine transported 
and stored. ~pecific:ally, th~ 

iMB-1 air-to-airrocket, 1s ·ent.enng -
stockpile7n significant numbers. Present regu
lations concerning handling and shipment are 
based upon fragm1:ntary data collected from a 
5econda.y experiment in the nuclear safety tests 
by Los Alamos and Sandia Corporation in Pro
ject 56 performed in November, 1955, and Jan
uary, 1956. 

Late in December, 1956, the AEC Albu
querque Ope:-rations Office, with the r:;anction of 
the Department of Military Application (DMA) 
?.sked Sandia Corporation to assume responsi
bility for arranging an extensive experimental 
program to evaluate plutoru.u.m con~,m1ination 
from one-point detonation Sandia 
accepted the task and appOTnted a -dir{•ctor for 
the test. 

The Test Director called together represen
tives of DMA/AEC, Hq/AFSWP, ALO;AEC, 
AFSWC/ USAF, FC/AFSWP, LASL, AEP/Ro
chest.er, UCRL, AEP/UCLA, DBM/ AEC, SC, 
LVB;USWB, LVB/USPHS and REECO on 
J :rnuary J 8, to rule on a choice of test site and 
to formulate first experimental plans. These 
heginnings evolved into the experim(:ntal pro
grams outlined here. 

EXPERIMENTAL PROGRAMS 

The large valley adjacent to and northwest 
of Croom Lake was borrowed from the USAF 
for a 200-clay ptriod and d~signaled Area 13 
ns a kmporary addition to NTS. St:venty ~quare 



miles of the valley area (more than 100 square 
miles) was surveyed for instrument and fallout 
collector locations. Earth samples analyzed radio
chemically confirmed the belief of insignificant 
plutonium background from previous NTS opera
tions. 

1. PROGRAM 71-
PARTICULATE PHYSICS 

Objectives were: 

a. Measure plutonium distribution at the 
surface and concentrations in the air as 
a function of time after detonation. 

b. Construct a fallout model? 
which can be used for any-wind pattern. 

c. Check fallout characteristics of pluto
nium against those of uranium ( Frac
tionation). 

d. Learn something of the physical nature 
of the fallout particulate (size, shape, 
density). 

The experimental approach was to com• 
prise a fallout collector array consisting of some 
2000 to 4000 sticky pans distributed ov~r a very 
large area (10 to 50 square miles); an array of 
air samplers on the ground; high-speed photo
graphy on the burst to help study the jetting 
action and the motion of ·various portions of 
the cloud in the expected high shear wind struc
ture; soil samples collected immeniately after 
detonation and for a [>(:riod of six months there
after 3.t calculated intervals; a series of balloon
borne precipitators flown 500 feet from burst 
point to collect particles from the early clouds 
at about six height levels; and wind temperature 
measurements prior to, at, and after shot time 
to determine the precise wind structure existing 
for the period of detonation and the subsequent 
one during which fallout occurs. 

2. PROGRAM 72-
BIOMEDlCAL FIELD STUDY OF 
PLUTONIUM INHALATION 

Objectives: 

a. To study the environmental short term 
and chronic fates, and persistence of 
plutonium debris resulting from a sub

critical detonation. 

b. To study the rate of envirnnmental 
decay of plutonium debris in selected 

areas of contamination. 

In broad terms, the experimental program 
consisted of the following: a group of dogs for 
exposure to cloud pa!-sage, plus a much larger 
group of 70 to 80 animals placed post-shot for 
chronic exposure; a • serial sacrifice schedule 
destining all animals except spares for autopsy 
ar ssection of the following tissues: trachea, 

CHAPTER II, SECTION H 

llasal mucosa, complete lung, lymph nodes, liver, 
l«>ng bones, spleen, plus kidney and GI tract in 
some cases; and, for a limited number of dogs, 
metabolism cages to provide urine and fecal 
analyses from which body burden and rate of 
clearance could be judged. The original plans 
also allowed for the use of additional animal 
species in the experiment, principally rats, 
burros and possibly sheep. 

3. PROGRAM 73-
PLUTONIUM MONITORING AND 
DECONTAMINATION 

The broad objective of this program was to 
study and develop methods and techniques 
suitable for decontaminating large surface areas 
contaminated with plutonium as a result of a 
one-point detonation. 

The experimental approach con.sisted of in
vestigation of decontamination techniques suit
able to removal of plutonium from ( 1) large 
land surface areas in the test areas (soil); (2) 
concrete and asphalt pads of reasonable size; (3) 
materials used in equipment and building con
struction, such as concrete, wood, stucco, brick, 
aluminum and steel, in both horizontal and 
vertical attitudes. In mind were several decon
tamination tk:chniques: washing, vacuuming and 
steam cleaning, plowing, leaching with water, 
and fixation and subsequent removal of land 
surface layers. 

4. PROGRAM 74- . . 
SURFACE ALPHA !\10NITORING 

In evaluating the scope of the expe,rimental 
plan presented in the Particulate Physics com
mittee report, it was decided that a large -scale 
monitoring survey to be performed as a corn:-late 
of the sticky-pan experiment was too large an 
undertaking to be considered as one of many 
projects under a single program director. For 
this reason, about February 10, a separate 
program (74) was creatP.d to have sole respon
sibility for performing a field survey of plutonium 
contamination with alpha-monitoring instru
ments. Consickration of Program 74 by the 
group a~;_i:;igned the study led to the decision 
that broom-finished conc~ete slabs would be 
placed throughout the field adjacent to sticky
pan collectors for use as a uniform monitoring 
surface and the principal survey reference. 
Measurements directly on the soil and brush 
were to be made, but not to the extent indicated 
for the standard surface. 

OPERATIONS 

A target shot date of April 3, 1957, was 
chosen at the general meeting of Test Group 
57 personnel on January 18, 1957. However, a 
week or two previous to this it became clear 
that operational readiness could not be attained 
until April 10; a new first shot date v,as declared 
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ac:cordingly. The hours 2100 to 2400 were pre
forred for t.he shot but the 8 to 10 hour ~epara
t.ion time for t.he Lalloon-borne air sampler array 
and the gusty af t.ernoons typical of daily "heat 
lows" in Nevada forced t.he second choice of 
0400 to 0700 hours. Even so, weather prevented 
shooting for 14 days. 

1. THE SHOTS 

At 0350 PST, April 24, a surface charge of 
110 pounds of stick dynamite was fired 1000 
feet l:ast of the instrumented area tp,,..veril11 pre
dict ion of cloud hr:ight for the burst 
during the morning tempera lure inversion: The 
cloud apex was triangulated from two manned 
tran <; it sta!iqns to get the height measurements. 

~ -,. 
The Xrns actually fired at 0627 PST, 

April 2( m Krea 13. The winds at shot time 
and during the emuing period of 1 to 2 hours 
were m(·asured from balloons released a bout 
1 ~:oo ft-et east of ground zc·ro and viewed by 
two theodolite ictations more than 12,000 ftet 
away. The winds were so light that the resolu
tion of this observation system appears t.o have 
been inadequate. As a consequence the fallout 
pattern, sequence cloud-photographs from the 
south and west and ac.- rial movies probably will 
give, when combined, a truer measure of shot 
time winds. 

2. THE WEAPON 

:, _lSa-ndia Organizat.ion 5212-
2 h andled, plactid, aria armed the we11pon, in co
or,cration with the EG&G Timing and Firing 
crew. The instant of firing was not critical, since 
t imc,-conclated instrum,intation was practically 
nrmexistent. Timing and firing circuits wc·re the 
ultimat.e in simplicity and the weapon was hand 
firc,d by EG&G. 

CONCLUSIONS 

1. PLUTONIUM ON THE GROUND 

hoconcc:ntration contours ha\'e been infer
n•d both from sticky-pan analyses and alpha 
i::ur. ey inF-trumEnt.s. The stic:ky-pan cont.ours iue 
good enough for planning against at:cinent situa
tions. The discrepancy that nists b e:tween soil
sample assays none by Columbia University for 
Program 73 and the sticky-pan analyses for 
Program 71 must be rc•solverl, t.:ither by relating 
the chemical procedures {;rnployed by the s£:par
ate analytic.al groups or by explaining differences 
m 1 (·nns of the two methods of ~mpling. 

·-

It must be E::mphaf-'ized that wind structure 
is 1he import.ant factor. Th£: contours r~orted. · 
hue ub,·iously manifest fallout from a\ 
burst c,n the ground and in_ tjJ_~ open, at the-
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bottommost detonator in a specific wind struct
ure and in a specific type of soil. Success, in
formation-wise, can be claimed for the basic 
experiment only when data interpretation can 
lead to the inference of a fallout model that will 
pe-rmit computation of plutonium distribution 
for any chosen or £:xperienced wind situation. 

2. PLUTONIUM IN THE AIR 

While much information on air rnncentra
tion, undefined by previous expcriments such as 
Project 56, have resulted from TG 57 investiga
tion, the actual maximum air concent.rntion ex
isting for the shot conditions of the TG 57 test 
was not <let.ermined. Guesses from the frag
m{;ntary data of Project 56 led TG 57 planners 
to believe that the 5000-foot array of air samplers 
would be situated well beyond maximum air 
concentration levels. This may or may not have 
been the case. All that can be said is that the 
maximum air concentration mea!:-ured was at 
a 5000-foot station. It is important, however, 
that at this distance of 5000 feet the width of 
the 11rea over which higher concentrations could 
be expected was rapidly disappearing, and- only 
a narrow spike-like area could have received 
significant air concentration beyond 5000 feet. 
While samplers were in the field beyond this 
distance, their spacing was such as to miss this 
hot line. 

3. PLUTONIUM IN THE DOGS 

A sweeping consideration of dog tissue 
burdens of plutonium leads one to conclude that 
acute exposure is more hazardous than long
term C:Xposure in a dusty desert area (i. e., 
Ne,·ada). This conclusion, however, stands short 
of real def f'nse in t.hat. air samples taken during 
the entire chronic exposure have not been 
mcasu,ed as yet, nor have wind velocities versus 
time been r<:-duc-ed to interpret.able form. The 
chronic-nog stations were chosen to lie along 
a F-outhwest wind line; i. e., they were situated at 
a bearing of some 30 degrees with respect to 
ground zero, since it was believed that climat
ically the most probable winds were southwest
erly. If, for the specific pe>riod of exposure, 1his 
af.s umption were incorrect, there may well have 
bel'n other positions in the field for which 
larger inhaled quantities of plutonium could 
have resulted. 

Finally, the process of clean-up or biological 
or physiological n:covery from chronic inhala
tion, will bE-come part of the study. The lung 
mo<lel now used for computing inhalation hazards 
can be evaluated to some £:xtent by the rather 
extensive dog data that will ;:,ccrue. 

4. PLUTONIUM REMOVAL AND 
FIXATION 

Na1 ural influc·nces caui-ed rather rapid 
"llpparent" de:cr;;:ases in cont.:imina1 ic.,n levels. 
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Rc:pcat(;d surface monitoring indicated that 
smooth surfaces decreased by a factor of 10 by 
D + 7 and 5 by D-+- 24. Soil decreased by a factor 
of 15 by D+7 and 40 by 0+24. 

Air-sampling stations 500 feet north of 
ground zero indicated on the average a concen
tration of the orcle.r of 35,000 dpm;'m1 for the 
three hours immL·diately post-shot. Succeeding 
air samples show airborne contaminants down 
by as much as a factor of 100 by H + 7. 

Gf:neral efficiencies in percent for pad de
contam.ina tion are as follows: sand bla;;ting 
- 98.8; watei"-detergent scrubbing --98.6; water
dcL-..:rgrnt hosing ---98 .6; water hosing - 96.1; 
water ~crubbing 94.6; steam cleaning -- 28; and 
vacuuming - 66. 

Gtni:ral efficiencies in percent for large-area 
earth decontamination or fixation are as follows: 
plowing --98.3; oiling and scraping - 98.2; 
scraping- 95.6; leaching with 0.3 inch of water, 
and scraping - 93.2; oiling (CRG-0 road oil) 
-- 89; leaching with 1 inch of water -85; leach
ing with 0.3 inch of water-FeCll solution - -33; 
and leaching with 0.3 inch of water-Akonox 
solution --3. 

5. OTHER DATA 

Many data are now in hand. Still more will 
become available in the next several months. 

CHAPTER II, SECTIONS H -1 

Some classes of data arc compll·tcly absent. No 
diffusion-t.ray results have been reported. No 
Program 71, and few Program 73, soil samples 
are available .. The balloon precipitron data from 
which inferences can be made concerning con
stitution of the cloud, distrihution of plutonium 
and uranium therin, etc., are unanilable. Air
sampler and wind data for chronic-dog lung
burden interpretation are missing. The spare 
dogs, six from each of the chronic dog stations, 
plus four acute-test chronic dogs, have been 
started on a two-year observation J)t'riod during 
which serial sacrifices, including tissue-assay 
work, hematology, pathology, and metabolism 
checks will be done. Resuspension experiments 
at 12 and 24 weeks post-shot remain to be re
porh:d, as well as alpha sun·eys of the area at 
these times. Numerous slides had been set out 
by USNRDL for electron microscopy and auto
radiography; their analysis may give valuable 
information. 

Attempts have been made to cite gross con
clusions indicated by data on hand. Con
sideration of all data by each of the programs 
separately, interrelating the work of the pro
grams into a complete entity, plus the develop
ment of a fallout model, should provide an ex
cellent assessment of plutonium contamin~tion 
from an accidental detonation of a} 

• 

I. NEW TEST TECHNIQUES - BALLOONS 

Sandia Corporation was assigned the l'e
sponsibility of suspending nuclear test devices 
from baUoons during Operation Plumbbob. The 
pay loads suspended ranged from 1800 to 4400 
pounds and the shot altitudes ranged from 500 
to 1500 feet a hove grade. Project 64.1 was re
sponsibile for the balloon suspension system and 
Project 64.4 was l'csponsible for the device sup
port structures. 

Balloon installations were constructed in 
Areas 7, 9, and F. An area instaUation consisted 
of three guy winches, each 3000 feel from ground 
zero and dispfaeed at 120 degrees. These winches 
were housed in concrete shelter:; covered with 
earth to prevent blast damage. A main winch 
was housed with a gijy winch in one shelter. 
The main cable ran along the ground to ground 
zero, through a sheave, and then vertically to 
the balloon cab. The guy cables ran directly 
from the winch shelters to the balloon cab. The 
balloon's altit.ude was controlled by the main 
cable and the balloon's horizontal position was 
controlled by the guy cables. All winches were 
capable of being operated remotely from the 
control point as well as from ground zero. 

The balloons used were manufactured by 
General ~-1ills, Inc. at Minneapolis, Minnesota. 

They consisted of a 2 ½ mil polyethylene liner 
inside a SN-171 nylon shroud and were roughly 
pear shaped when inflated. A nominal 67-foot 
diameter balloon was used for the lighter loads 
and lower altitudes, and a nominal 75-foot dia
meter balloon was used for heavier pay loads 
at 1500 fee:t. The small balloons used 7/16 inch 
main cables and 5/16 inch guys. The larger 
balloons used ½ inch mains and ¾ inch guys. 

A deflation system was mounted on t0p of 
the balloon. It consisted of nichrome wires which 
when shorted acro.;s a Ni-Cad battery became 
hot. One wire cut through the nylon and poly
ethylene where it was gathered at the top of 
the balloon. A hole approximately 4 feet in dia
meter was opened for the gas to escaJ)f'. If the 
first wire broke, the second wire w~~ automatic
ally actuated. The deflation sy£tem could be 
initiated rt:motely from the control point by 
deprt:ssing two push buttons simultaneously or 
would actuate automatically by baro switch 
2300 feet above grade. 

Two tdevision cameras were mounted at 
ground zero looking vertically upward. Their 
output was transmitted via microwave to the 
control point by a microwave transmitter locat
ed in the main winch shelter. A complete dual 
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;ystem was used to provide rdiahility. Obser
vation of lights on the bottom of the balloon 
cab by means of the cameras permitted remotely 
controlled horizontal positioning. 

All ~emote controls were combined into one 
operational console located in the control room 
at the control point. Here a console ope.cator 
could run the winches, observe cable footages, 
observe cable tensions· and monitor the bal1oon's 
pm,ition by television. This one console was used 
in conjunction with all balloon arras by switch
ing plugs. 

Electrical signals were fed to the device cab 
through a 19-pai-r electrical cable hanging from 
the balloon cab. This cable was flaked out in a 
ckared area prior to going to altitude and was 
restrained merely by ground drag. It was ter
minated in a stub-out which in tum was con
nected to a timing bunker. 

·~ · . .. :\. ~ ~ 
' .,J \ ' -
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Details of the balloon suspension system 
can he found in SC Report 3893 (TR) dated 
September, 1956, entitled "The Operation of 
Ba1loons for the Suspension of Nuclear Test 
Devices." 

PRE-OPERATION TRIALS 

Sandia Corporation began flying balJoons 
at Nevada Test Site in January, 1957, to de
termine the balloon's drag coefficient, the re
liability of the system, the positional accuracy 
in varying winds, and most important, to gain 
as much expc·rience as possihle before the opera
tion stuted. The following summarizes the re
sults of these trials: 

1. The drag coefficient of the balloon was 
on the order of 0.4 in winds of 20 miles 
per hour or less. The drag coefficient 
increased as the wind velocity increased 
because the balloon defonns. 
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2. The balloon positioning with nominal 
pay loads was ge:ncraJly good ( + 30 feet 
at 1500-foot elevation) in winds less 
than 20 miles per hour. 

3. Balloons flew ¥epeatedly in winds of 35 
to 45 miles per hour; however, gusts 
in this range resulted in the loss of 
some balloons due to tearing of the 
polyethyltne liner and the consequent 
slow loss of helium. The experience 
gained indicated that personnel safety 
and handling c.:ase decn•ased rapidly 
as the wind velocity rose above 20 miles 
per hour, dictating 20 miles p& hour 
as the operational wind limit. 

4. A 67-foot diameter balloon with a 2000 
pound cab attached was released free 
from the surface of the ground. The 
balloon reached an altitude of 5000 feet 
above the surface before it sdf-ruptured. 
The cab with the deflated balloon at
tached struck the ground at a velocity 
of 120 miles per hour 5800 feet from 

the point of release in 2 minutes and 
41 i:;econds. 

5. A 67-foot diameter balJoon with a 2000 
pound cab attached was released fr()Jll 
the surface of the ground w:it.h 1500 
feet of slack ½-inch diameter main 
cable attached to the cab. The cable 
pulled taut with no apparent damage to 

any part of the system and without e1-
cec:ding the elastic limit of the cable. 

6. The deflation system was manually 
actuated and an average rate of lift. 
loss was measured at 33 pounds per 
second. 

7. A high rate of inflation failures neces
sitated redesigning the liner. 

OPERATION AL PROCEDURE A'f 
NEVADA 

Coordination for the LASL c.abs was done 
by a Project 64.4 represe:ntative at Albuquerque 
to provide close correlation of cab .requirements. 

~~--~ -----.:..::.:.:------... 
~ -,,,,,o,r s•41,u; 

Figure 2- J 5. Arca 9 Schematic. 
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UCRL cab assemblies were coordinated by 
Sandia representatives at the Livtmnore branch. 
In ord~r to as:;ure correct assembly of all com
ponents on the cabs, mock--qp assemblies of the 
systems were made at the individual laboratories 
before the device cabs were shipped to Nevada 
Test Site. Each cab was also tested to 20,000 
pound tension. Assembly of all components ex
cept device was made in the Staging Building 
in the Sandia Compound at Nevada Test Site 
and the complete cab was moved to the appro
priate balloon area on a special trailer designed 
for transporting the device cab. 

A 16-foot by 16-foot plywood shelter was 
used to house '"he device cab in the vicinity of 
ground zero. 'fhis house was usually ready for 
occupancy four days before the event. The device 
cab was moved to the Zero Area at this time. 
Dry runs were begun to insure proper operation. 
During this same time new steel balloon cables 
were put on the winches and tested, and a 
balloon system electrical checkout was completed. 
Originally, altitude dry runs were taken with the 
device cab; however, these were eliminated by 
mid-opNation as confidence in balloon system 
was gained. The balloon was usually inflated 

Nominal BalJoon Sbcouds 
Shot Date Area Altitude Payload Size El.1>tnded ----

Las.sen 6/ 5 9 500 ft. ;2070:;; 67' Jiam. 3 
Wil'iOn 6/17 9 500 ft. 23S0,#- 67' diam. 2 
Priscilla 6/24 F 700 ft. 2516# 67' diam. 1 
Hood 7/5 9 1500 ft. 2906;# 75' diam. 1 
Owens 7/25 9 500 ft. 21?.0# 67' diam. 2 
Stokes 8;7 7 1500 ft. 2655;# 67' diam. 3 
Dnppler 8/ 23 7 1500 ft. 2455# 75' diam. 2 
Franklin 8/ 30 7 750 ft. 2719# 67' dam. 1 
Prime 

'Wheeler 9/6 9 500 ft. 1896# 67' diam. 1 
Laplace 9/ 8 7 750 ft. 1916# 67' diam. 1 
Newton 9/16 7 1500 ft. 4355:¢:: 75' diam. 1 

Charles I.on 9; 28 9 )500 ft. 3700:;: 75' diam. 1 
Murgan 10/7 9 500 ft. 191;0# 67' diam. 1 
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on shot night on a large concrete pad located 
at the "Y" Junction. It was then hauled on a 
low-boy outfitted with a 16,000 pound concrete 
block to the appropriate balloon area. A balloon 
cab weighted with lead and having spotting lights 
attached was put to altitude and positioned in 
conjunction with the diagnostic personnel. Tele
vision screens were marked to indicate the proper 
zero position to be repeated. The main cable 
footage and tension wece also recorded so the 
altitude positioning could be repeated. 

At the conclu!iion of the alignment with the 
weight cab, the cab was returned to the ground 
and transferred off the balloon. Approximately 
3 hours before zero time the device cab was 
transferred to the balloon and the amung com
menced. One member of the balloon crew stayed 
at zero as a member of the Arming Party. When 
arming was completed, all personnel returned to 
the control point and the balloon was remotely 
started to altitude. 

The following table gives data pertinent to 
each baltoon event. A detailed operational report 
will be published as WT Report No. 1522. 

Daya 
Days Delay 
Delay Due to 

Due to Balloon 
Liners Winds at Position Balloon System Helium 

Expt-nded Altitude in Error Winds RP..idiness Expended - - - ---
3 5-8 mph l' 0 . . 0 399,000 cu. ft. 

2 18-20 mph 4½' 3 0 266,000 cu. ft. 

1 2-4 mph 1' 0 0 133,000. cu. ft. 

1 5-7 mph 2' 1 1 196,000 cu. ft. 

3 11-14 mph 2' 0 0 399,000 cu. ft . 

3 7-9 mph 2' 2 0 399,000 cu. ft. 

3 2-4 mph 1' 2 2 588,000 cu. ft. 

1 1-3 mph l' 0 0 133,000 cu. ft. 

1 13-14 mph 1' 0 0 133,000 cu. ft. 

1 5-12 mph l' 0 0 133,000 cu. ft. 

1 8-12 mph 3' 0 0 196,000 cu. ft. 

1 3-6 mph l' 1 0 196,000 cu. ft. 

1 20-25 mph 5' 1 0 133,000 cu. ft. 

J. NEW TEST TECHNIQUES -TESTING IN TUNNELS 

lNTRODUCTION 

Early in 1956, Griggs and Teller proposed 
the testing of nuclear devices by means of con
tained underground explosions. The primary 
advantage of such a method lies in the virtual 
elimination of fallout and its controv&sial effects. 
The cost of maintaining the off-site blast and 

radiation monitoring net, weather and fallout 
prediction services, military support and delays 
due to weather could also be eliminated. Other 
nuisances such as off-site blast effects, tracking 
of the radioactive cloud and its effect on airline 
operations, and the concern about eye injury 
f.rom the bright flash would be eliminated. 
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Figure 2-16. Rugged Terrain of Area 12. 

These advantages of underground testing 
are Fignificant only if it is possible to obtain t.he 
rl::'quired diagnostic information. It appeared at 
the outset that certain types of inUUJ]lation 
relvinf? on I -

> wo~1ld be bett«::r adapted to an 
undergnnina environment t.han to towers. The 
primary problem ct:ntered on the question of 
yield i:nca <:urt ments. 

Historically, all oiagnostic t.ests have been 
air bursts. Tests in other media have taken 
place primarily to i:-:fudy the effects on the 
m(•dium rather than the properties of the device. 
The time honored yidd determinations come 
from ra<liochC'mistry and early shock growth 
mc'.arnrc-rnc,nts in air (fireball photography). In 
an undnground location, th1::se mt:?..surements 
cannot he p,~rformed in their usual sense. There-
fore, if . undnground testing was to compete with 
other mE'.thods, these measurements had 1.o he 
adapted to an underground environme~ or
new and <·qm11ly accurate mtasurewenfs~ to. 
hE- dev<:lop ... d. 
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In addition to t.he primary quest ion of the 
yield m£'asurements were other problems such 
as depth of o\·erburden for containment, costs, 
cfamage to structures due t.o ground shock, and 
ground wafer contamination, that had to be 
resolved. 

In the spring of 1956, the Test Division, 
UCRL-Livermore, unnertnok to study the feasi
bility of underground testing in the light of the 
foregoing con!'ic:krat ions. These problems were 
studil'd in detail by B. Sussholz and lat.er G. T. 
Pelsor. Since the:re was no previous experience 
with d(~p underground nuclear explosions, it 
was soon apparent that theoretical studies and 
c·xtrapolations from previous HE and nuclear 
shots could give only partial answecs. It was 
with the intent of obtaining more conclusive 
::i nswers to these quest ions that a deep under
ground test (Rainier) was included in the UCRL 
program for Operation Plumbbob. Plans wt:re 
laid to drive a funnel into the side of a mesa 
located in the northwest corner of the Nevada 
Tc·st Site (Area 12} and to dc-tonate a low yield 
dc,·ice at the extreme end where the overburden 
would be suffici l:nl t.o contain the c-:xplo.sion. 
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The approach here was to u,;e a device of 
known yield whucby the question!-) of yield and 
<'(fectsJoould be more rcaclily evaluated. The 

1.7 kiloton yield) was sdtcted as the 
aevice · or the Rainier event. This choice was 
based on the following consideration: 

1. The limitations of time and money dic
tated the choice of a d1:::vice that was 
reasonably available and of such yield 
that it could be buried at a safe depth 
with a minimum of digging. 

2. The yiPld and alpha versus time had 
been mc:>.surecl. 

3. The dimensions of the dev ice were such 
that it could be easily maneuvt:red in 

the limited space of a tunnel. 

PHYSICAL ENVIRONMENT 

1. SITE LOCATION 

A section of the mesa slope along the tunnel 
direction is shown in the figure below. The hill 
is capped with a layer of welded luff (rhyolite) 
of approximately 200 feet thickness. Beneath 
this lies a fairly homogeneous formation of tuff 
(Oak Springs formation) extending about 2,000 
feet to a basement rock of limestone. The tuff 
of this formation is a light porous material having 
favorable properties from the standpoint of 
mining and energy absorption. 

2. DEPTH OF OVERBURDEN 

The overburden neces:.,ary for containment 
was studied in detail by Sussholz and Pelsor. 
By "containment" it was meant that an appre
ciable fraction of fission products (say 90 percent 
of more) would not reach the surface. There is 
an abundance of data rel1'ti ng the ~ffects of 

~- ~ •K '<'Z/' •"'~'V/,$01///f''Vf,/K' ~ 
:\ ' ''\ ' ,, .. 1·' "\ \, ---- ' 
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HE shots huried in various soils over a range 
of scaled depths. The application of these data _ 
to nuclear explosions must be done with caution 
due to the extreme dif'parity in the two types 
of explosives. Previous underground nuclear shots 
were buried at such shallow scaled depths that 
the associated data could only be indicative. 
After consid£:rahle study of this question, it . 
was concluded that the depth of overburden for 
containment could be expressed by d. (feet) 
= 300 W lf.i kilotons. Due to thP. pioneering 
nature of the propost:d test a safety factor of two 
was introduced into the overburden. For a yield 
of l. 7 kilotons, 2 d. = 700 feet. The location of the 
device in the actual tunnel provided 900 feet 
of cover vertically and 800 feet to the nearest 
point on the mesa slope. The net horizontal 
distance of the device location from the portal 
was 1672 feet. The total length of tunnel dug 
was 1942 feet 

3. TUNNF.L DESIGN 

The basic design criteria for the tunnel were: 

a. Access to the device at all times (nec
essary in case o"f a misfire). 

b. The tunnel should close off near the 
point of detonation to contain the 
~adioactive debris. 

Pelsor suggested a design that appeared to 
meet these requirements (see figure). The de
sign simply involves the termination of the 
tunnel in a spiral-like configuration such that 
the shock running out in the rock closes off 
the tunnel before the air shock in the tunnel 
reaches that point. The shot room itself was 
plugged with 13 feet of sand bags. This was a 
compromise between criteria (a) above and t'li,, 
necessity of containing the explosion long enc•' / ' i 

so that it appeared to be in an isotropic me:d C. ,. 

- .f'iP'l1PP. 2-17. Section of Tunne, Mesa. 
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Figure 2-18. 

t.o the close-in measurements. This plug also 
dtlayE:d the air shock long enough to save 
several hundred feet of additional tunnel which 
otherwise would have been necessary in the 
PE:lsor closure mechanism. Two blast doors de
sigm·d to withstand at least 5 bars overpressure 
wtre installed at Stations 3+50 and 11+00. 
R£:twc-en these doors the tunnel was offset 20 
feet from the original centerline. These pre
cautions were taken to minimize a shot.gun effect 
in case the tunnel did not i-clf-seal. 

SCIENTIFIC PROGRAM 

1. DIAGNOSTICS 

As stated previously, the primacy diagnostic 
probkm centers around yield measurements. 
During the initial foasibility study of under
ground t<~sting, a nurnbei of yit:ld det€rminative 
1E'chniques were studied by G. T. Pelsor and 
\\'. H. Crasbe.rger. These studies indicated that 
shock growth mc,:lsuremc-nts c.1nd radiochemistry 
as adapted to an underground environment 
offered the best ch;rnce for good yidd mcasure
rn~nts. The concept of the diagnostic program, 
thtrdure, was t.o mearnre the alpha of the device 
as a check on its performance and t.o dE:velop 
new yi!::ld f.(!Chniqucs to check against the known 
yit>ld. 

The Rainier diagnostic program is described 
bE:-low: 

PROGRAM 21 - RADIOCHEMISTRY 

Project 21.1-- Radiochemical Yield 
Griggs & TelJE:-r suggested tpat;ttfJ~(ld 
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of an underground burst might be de
termined by perlorrning radiochemical 
analysis of core samples obtained by 
drilling into the residual cavity. The 
radioc~emistry per se is expected to 
proceed along convrntional lines. Ob
taining core i-amples from a region of 
intense temperature, radioactivity and 
p&haps pressure presented a substan
tial development problem and was 
carried out as Project 26.1. 

PROGRAM 22--REACTJON HISTORY 

Project 22.1-Nuclear Radiation 
Me?.surements 

This is a measurement of alpha versus 
time as a check on the performance of 
the device. The alpha alcove is shown 
in the previous figure. A number of de
t.ectocs located here viewed the device 
through an 8-inch line of sight bore 
hole collimated to 6 inches, 20 feet 
in length. 

Project 22.4--Technique Development 
Experiments 

'These measurements were of two types. 
First, an aUe:mpt was made to measure 
the i::hock time of arrival by e-:mbedding 
a number of barium titanate crystals 
in the tunnel wall neart!st the device 
at known radial distances. Secondly, 
the C'arly electromagnetic signal was 
measun·d in an attempt to relate it 
to the alpha of the device. For this 
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ml'nsurunent the device room was lined 
with copper and three orthogonally 
aligned RF pick-up loops were installed. 

PROCRAM 25--SHOCK GROWTH 
MEASUREMENTS 

Project 25.1 - Hydrodynamic Yield 
Measurements 

This project was carried out by Armour 
Research Foundation under the direc
tion of F. B. Porzel. The principal ob
jective here was to measure the rate of 
shock growth in the rock. From this, 
the hydrodynamic energy and total 
yield can be obtained. The techniques 
of this experimtnt follow closely those 
used in the Armour Reseach Founda
tion blast measurements on the deep 
underwate-r : shot, Operation Wigwam 
(see WT-1034). The tunnel figure 
shows the bore hole array used for these 
measurements. 

2. EJ?FECTS MEASUREMENTS 

PROGRAM 26--RAINIER EFFECTS 
MEASURE\1ENTS 

The projects in this progrnm were 
carried out with the following objec
tives: 

a. To ohtain samples of the radio
active debris for radiochemical 
yield determination. 

b. To furnish information required 
for planning the safe containment 
of larger detonations in the same 
or other geological formations. 

c. To furnish infonnation required to 
rea ssure the public regarding the 
grn1nd shock associated with 
un<forground bursts. 

d. To furnish information required 
for effective use of nuclear weapons 
against underground targets or as 
dunolilion e:,plosives. 

e. To obtain samples for studies of 
geophysical significance. 

f. To furnish information for estima
ing the amount of energy coupled 
into the seismic signal. 

g. To obtain the post-shot space time 
temperature distribution in the 
rock. 

h. To obtain samples of occluded 
radioactive debris for annlysis by 
collaborators in Prnject MICE. 

The various agencies participating 
with UCRL in this program were: -· 
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U. S. Geological Survey, Broad
view Rescach Corporation, Sandia 
Corporation, Stanford Research 
Institute, Engineering Research 
and Development Laboratories, 
Edgerton, Germeshausen & Grier, 
U. S. Coast and Geodetic Survey. 

ONE-POINT SAFETY TESTS 

A problem closely related to the Rainier 
concept is that of carrying out one-point safety 
tests underground . The advantage here is again 
the containment of the radioactive debris. It 
is also possible that the recovery of the fission
able material by some kind of mining process 
may be feasible. 

.- UCRL planned and carried out such a test 
I lin Operation Plumbbob (Saturn 
~nt). Two;;mall tunnels of about 300 feet 
each were dug for this and future one-point 
shots concurrently with the digging of the 
Rainier tunnel. These tunnels were also equip
ped with bhst doors. A wide range of alpha 
coverage was required for the Saturn event. 
This was accomplished by detectors located 
adjan:nt to the device, in an alcove off the device 
chamber, and in an alpha alcove similar to that 
shown in the figure. The Saturn event took 
place August 9. Project 22.1 and a few seismic 
stations associated with Prngram 26 participated 
in this event. Saturn was a success from the 
standpoint of containment, diagnostics and the 
performance uf the device itself. The ground 
motions as measured by seismographs were sig
nificantly weaker than expected. 

COSTS 

Construction of the Rainier tunnel begad 
on March 30, 1957, and was completed on August 
5. The total amount of construction money spent 
in Area 12 was about one million doll,us. Thil 
includes the cost of the tun'1el and appurtenances 
as well as that of developing the site (e.g., roads 
diagnostic buil,ling). The shot itself destroyed 
about one fourth of the tunnel. This corresponds 
to a non-recoverable cost in Area 12 of about 
130,000 dollars. The average non -recoverable 
construction cost per tower shot in Area 2 in
cluding costs of tower construction, weather 
delays and shielding is about 650,00 dollars. 

Due to the difference in yields and types of 
expe.riments pcrf ormed in the two areas, these 
numbers probably should not be directly com
pared. However, it is certainly indicated that 
tunnel shots are probably significantly less expen
sive than highly instrumented tower shots. 

Tunnel shots are more nearly analogous to 
balloon shots in that in both cases a small frac
tion of the initial investment is used up in each 
test. Tunnel shots probably could not C(, mpete 
with balloons on an economic basis alone, how-
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ever, certain cxp1.:rinwnts, i . e., thu:;;c reqmnng 
shh:lds or close collimation, cannot be accomp
lished using balloons. 

PRELIMINARY RAINIER RESULTS 

The Rainier event took place September 19. 
The ohstrver an:a was located 2½ miles from 
ground zero. The shock wave hitting the side 
of the hill was visible from the obsf: rver area. 
A ground wave was felt by a few observers. At 
later times a dust cloud mse several hundred 
feet caustd by rocks rolling down the side of 
the mesa and the up:;lope wind. Ten minutes 
after the shot, the dust cloud had completely 
di$sipated. Approximately one hour after the 
shot, an inspection party entered the tunnel and 
proceeded to the first blast door. Pressure 
gauges at the portal, monitoring the pressure 
behind each blast door, read less than 1 psi 
above atmosplwric. Remote radiation detectors 
,.; imilarily located read less than 1 R/hr. No 
difficulty was experienced in proceeding to the 
second blast door by later inspection parties. 
E$Sentially no damage was observed up to this 
point (Station 11 + 00) but carbon monoxide 
levels were high (:::::500 ppm). The tunnel 
actually closed off at station 14 + 70. From 
station 11 +00 up to this point the damage due 
to air shock and spalling increased gradually 
at first and then rapidly near the end. The radi
ation levels were and continue to read 0.02-0.04 
mr/hr. This is identical to the pre-shot readings. 
Post-shot rndiation levels on the mesa were 
identi cal with pre -shot readings. 

All projects participating on the Rainier 
shot were generally successful. The measured 
alpha versus time curve was consistent with the 
expeded values. As regards the critical question 
of yield measurements, a partial answec can be 
givl:n at this date. The shock . growth measure
ments of Armour Research Foundation were 
successful and preliminary analysis shows that 
the total yi f' ld can probably be obtained by this 
m(:thod to :m accuracy of about 5 percent. The 
:mswer . from the .radiochemistry awaits the 
securing of a radiochemical sample. Drilling for 
the~e san,µlcs is in progress. Due to problems 
associa ted with the nature of this formation, 
the drilling is proceeding more slowly than an
ticipated. 

CHAPTER II, SECTIONS J - K 

The measurements made by the partici
pating agencies in Program 26 have provided 
an abundance of ground motion data. One of 
the most striking results of these m<:a surements 
is the unexpectedly weak seismic signals pro
duced by Rainer. 

CONCLUSIONS 

The Rainier event was an experiment and 
as such answered some questions in a rather 
obvious way, provided data to answer more 
subtle questions and in tum raised new ques
tions. Keeping in mind that as o( this date 
the radio-chemical yield question is open, some 
of the more obvious conclusions from the Rainier 
shot can be enumerated as follows: 

' ( 

1. The underground testing of nuclear 
devices appears to be entirely feasible. 
The advantage of this method both 
politically and economically are par
ticularly striking when compared to the 
costs and weather constraints associ
ated with the highly instrumented 
tower shots in Operation Plumbbob. 

2. From the standpoint of overburden and 
off-site ground shock damage, there 
appeacs to be no fundamental limita
tion on the testing of devices with 
yields up to 1 MT in Area 12, NTS. 

3. The overburden on the Rainier shot 
was about two times that necessary to 
contain the explosion: 

4. The damage radius in the tunnel was 
much smaller than expected. 

5. The explosion sc1led itself off much 
more effectively than exptcted. 

6. Due to the small damage radius and 
effective sealing, future post-shot drill
ing for radiochemical samples will be 
done underground rather than from 
the top of the mesa. 

7. With significantly higher yields under
ground tests can be useful tools in 
the study of fhe int.erior of the earth 
by means of world-wide recording of 
the seismic signals. 

K. RADIOACTIVE DECONTAMINATION OF 
FORWARD AREAS 

During the course of the Operation, several 
occasions arose in which decontamination mea
sures were requireci in order to speed up re-entry 
into an area. Two distinctly different types of 
contamination, requiring different techniques of 
·decont.amination, rCSMf/b-. ,: r,.,..m the tower and 
balloon shots. 

TOWER SITES 

In general, contamination from the tower 
shots resulted primarily from on-site fallout of 
the tower debris. Fairly large areas were con
taminated with the highest levels of activity 
observed in the immediate area of the tower 
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site. In those cases in which fallout produced 
the contamination, decontamination, when re
quired, was accomplished quite simply by 
grading the area of importance and removing 
approximately 4 inches of dirt. The dirt thus 
removed was dumped into pits to dispose of it. 
This grading operation was highly successful in 
that it removed virtually all the .adioactive 
material, leaving the area clean. In those cases 
in which alpha contamination was present, the 
grading operation proved to be quite satisfactory 
as a quick and easy method of decontaminating. 

BALLOON SITES 

The halloon shots posed an entirely dif
ferent problem in decontamination. Repeated 
use of the i-ame ground zero area for successive 
balloon c,hots required that the ground zero 
area itsdf be re-entered and decontaminated. 
This was a problem not encountered in any of 
the tower shots. The balloon shots produced no 
significant on-site fallout. 

The main contributing factor associated 
with contamination near balloon sites was neu
tron-induced activity in the soil. The most sig
nificant contaminant was Sodium 24, which has 
a half-life of approximately 14.9 hours. In gen
eral, early t.ime contamination (H + 6 hours) 
was in excess of 100 R per hour. Fortunately, 
since the predominant activity was the Sodium 
24, a fairly accurate forecast of the- cont.ami
nat ion levels on succeeding days could be made. 
This alk,wed ample time in which decontami
r.ation rncasu,es could be planned. L(lng-lived 
activity induced in the soil was usually pre
dominant by the time the total activity was 
of the order of 100 nu/hr. It was at this level 
that den.1 ntamination measures were, in general, 
instituted. 

Due to the fact that the cont::11nination was 
largely a result of nc-utron-induced activity in 
the soil, the normal grading and scraping me
thods were not app.ropriat.e ones to use for the 
fo11owing reasons: removal of 18 to 24 inches 
of !'oil after each balloon shot was prohibitive 
if for no other rea!-'on than the fact that signal 
cables would soon be exposed and damaged. 
Therefore, in order to decontaminate the bal
loon areas, clean dirt was hauled in and placed 
on top of the contaminated soil. In effect, de
contamination was accomplished by laying down 
!'ufficient shielding to reduce the radiation to 
accept.able levels. The usual practice was to lay 
down appruximat.ely 8 to 12 inches of clean dirt 
in the area of interest, the amount depending on 
the activity levels at the time decontamination 
measures were instit.ut.ed. 

Of primary importance in these decon
tamination proc.:e:-durei: was the "greenhouse" pad, 
the area in which preparatory work was accom
plislwd on the ckvice to be fired. Normal work 
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time in the "greenhouse" area was approxi
mately 50 hours, so a radiation level less th.a• 
10 mr/hr was desirable in this area. In general, 
this level was achieved; however, in some cases 
as much as 24 inches of dirl was required to 
accomplish this. 

EXPERIMENT TO REDUCE THE 
NEUTRON-INDUCED ACTIVATION 
PROBLEM 

An experiment that might be termed a 
prophylactic measure was devised. 

The principal reason for the existence of 
radiation of relatively long duration after an 
atomic explosion at the Nevada Test Site seems 
to be due to the formation of Na" by slow 
neutron capture in Na23 present in the soil. Since 
most of the nrnt.rons yielded by a nuclear de
vice are fast, they must be moderated in the 
soil before being captured. They probably pen
etrate to a considerable depth in the soil before 
they are them1alized; afterward perhaps of the 
order of half .et.um to the surface where they 
activate the Na21• 

This experiment consisted of using cole-
1 ;inite (Ca2 Bo 011 • 5 H2O) mixed with various 
amounts of road mix. 

Colemanite has an extremely high capture 
cross &t.--ction for thermal neutrons due to the 
present of B10 which is present to about 20 per
cent in naturally occuuing boron. The capture 
cross sect ion for fast neutrons is, however, quite 
small :rnd for this reason colemanite is not 
useful for captui-ing ne:utrons before moderation. · 

A po!?sible method for using colemanite is 
to mix it with a binder such as road mix, in 
p.roportions such that if a layer of this mixture 
is placed on the surface of the ground, it will 
itself be fH~c of Na2

• activity, due to the pre
ponnerance of slow neutron captives in the boron, 
and at the same time it will act as a radiation 
shield to attenuate the gamma radiation from 
the Na2

• atoms decaying in the soil under
neath. 

'rhe principal constituents of NTS soil in 
Area 9 are roughly given in the following table: 

Si - 30% 
Al - 8% 
Ca - 3% 
Fe - 1% 

0 54% 
Na - 2% 

K - 3% 
It is conceivable that some of the Na2

• is due 
to the ¥caction 

n1 + A}21_• He' + Na'• 

Howevt:r, the cross section is quite small (110 
millibarns) even for neutrons of en<:rgy 14 Mev. 



The mean free path of a 14 Mev. neutron 
in NTS soil is about 10 cm., perhaps slightly 
less. It is roughly this same length in colemanite 
or in a mixture of colemanite and NTS soil. or in 
a mixture of <:olemanite and road mix.~ _ 

These figures show that 1t is useless to consii!er 
the idea of capturing the m:utrons in a boron 
rich layer at the surface before they are slowed 
down. 

The mean free path of a thermal neutron 
in pure colem.inite is about 0.05 cm. Thus, if 
this material is mixed with NTS soil or road 
mix in equal proportions, the mean free path 
will be a bout 0.1 cm. for a mixture of density 
2. A layer of this material placed on the surface 
of the ground should be almost completely free 
of Na1t activity. 

A colemanite pad of this composition was 
tested in conjunction with the firing of Hood 
on July 5 and Owens on July 25. Its thick
ness was chosen to be approximately 1 foc,t. 
This figure represents about 2½ mean free paths 
for a 2.8 Mev. gamma ray. Thus the pad was 
expected to reduce the radiation level at its 
center and at ground level (to eliminate edge 
effects) by a factor of 10. The pad was 64 feet 
square and its center was located 135 feet from 
ground zero. Measurements of the radiation 
level at the center of the pad when compared 
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with those made at points equidistant from 
ground zero but off the pad, at first showed 
a ratio of 5. When the pad was swept with a 
vacuum cleaner, this ratio rose to the expect,!d 
factor. The pad was not visihly damaged by 

·_ the blast. 

Since this experiment seemed to be suc
cessful a second one was planned in which a much 
higher reduction was expected. The colemanite 
fraction of the mixture was ~educed from one
half to one-quarter since the first pad seemed 
unnecessarily rich in colemanite. The thickness 
of the pad was increased to 2 ftt-t and a radi
ation level reduction factor of tht size of 50 
was expected. The new pad was located approxi
mately 150 feet from ground zero. It was 
tested in conjunction with the firing of Wheeler 
on September 6, but its performance was highly 
disappointing since the reduction factor proved 
to be only 5. Why it did not perform as ex
pected is as yet unclear. This may be due to 
the fact that the neutrons from Wheeler were 
those associated with a pure fission spectrum 
and/or the fact that the pad was not rich enough 
in boron. 

While no really useful pad has been designed 
as yet, the results arc sufficiently interesting to 
warrant further investigation into the use of 
colemanite. Such tests should perhaps be made 
on a small scale in the laboratory, rather than 
in the field . 

L. SUPPORT - SANDIA CORPORATION 

Projects which supplied Sandia Corporation 
support to the Test Director's organization were 
grouped under Program 64. 

Project n4 .1 dealt with the balloon suspen
sion system and has been previously described 
in New Test Techniques - Balloons (Chapter 
II). 

PRO.JECT 64.2 - HI(;H TIME 
RESOLUTION TELEMETRY 

Project 64 .2 made high time n:snlution mea
surements on every test event on Plumbbob with 
the exceptions of La Place, John, Saturn. and 
Rainier. In addition, proJect pe:rsonnel supplied, 
installed, and operated release tone equipment 
on the John event. A fiducial time marker sys
t.em was also installed and operated on some 
UCRL events. 
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Project 64.4 had responsibility for balloon 
cabs and has been reviewed earlier in Chapter II. 

The Sanrlia Test Group was administrative-
ly w sponsibile for project personnel on Projects 
1.5 (DOD), 30.4 (CETG), 34.1 (CETG), and 
26.4B (UCRL) . The Arming and Timing Group 
which reported technically to the Test Director 
and the Blast Prediction Group which reported 
technically to the Test Manager, were also ad
minis1 ered by the Sandia Test Group. 

M. SUPPORT --EDGERTON, GERMESHAUSEN 
& GRIER, INC. 

lNTRODUC'TJON 

Ed gerton, Gr:rmc•shau:;en and Grier, Inc. 
( EG&G) participated in all 30 shots detonated 
at the Ne\'ada Test Site during Operation 
PlumLLob. 

A~.~ignments, approved by the AEC, con
!.' ist ed of pro\'iding the following services : timing 
and firing, scientific photogiaphy, alpha and 
other r,1diation mLasm ements, and a niilysis. 
Work was performed for tower, halloon, u11der
g1C,und, rocket, and single -point shots. These 
tasks we-re sponsored by LASL, UCRL, DOD 
and CETG. Other ta sks were sponsored by AEC, 
Sandia Corporation, Holmes & Narver, and the 
Lovel;ic:e Foundation. 

Sen,ral new t(:'chniques and equipmc-nt were 
proved out succ-essf ully by EG&G on Plumbbob. 
Equipment modifit~d to m€:et T(:'quirements for 
gr, ·at-E:T ~ensitivity and flexibility also proved 
,:a ti sfactory. Of p"rl irnlar note, final Fireball 
;;.nd Alpha reports \\<:re i!'sued to participating 
agencies within a fl·w <lays after c:ach shot 
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through the use of newly acquired computing 
equipment. 

This S<.,ction discusses EG&G Support in 
gen&al tHms only; a detailed technical report 
will be i0 ;m,d at a lat.er date as a WC'apons Test 
R eport. 

FG&G SUPPORT PARTICIPATION 

1. TJMING AND FIRING 

Timing ,..nd firing objectives were to provide 
users indepr:mknt timing systems when nPeded, 
£.ignal clistribut ion sy£.tEms, timing signals, firing 
sysf t>ms and f:quipmtnt for voice countdown and 
dry runs; to provide pni'onnel for the Arming 
and Firing parties; to telemeter, indicate, and 
n~c:ord meterological data; to muisure and n ,c:ord 
time of detonation (to an accuracy of :-j : J msec 
with respect to WWV); to me:!sure and r(;cord 
time of flight for a ir-to -a ir misciles; :rnd to pro
vide Rhangmetf ·rs for quick yi,~ld d,,ta. 

The T /F syst(:m was c:ap;:ible of firing any 
one or all of tLn•c pn!>siblc shots i:.irnuHa11(·0 11 sly; 

~-
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at. times there was in addition a capability for 
one or two singlC'-point shots. Dry run capahility 
was maintained on a 24-hour, 7-day-a-week 
buis. Ready requirements were met for balloon 
and tower shots which were scheduled at the 
same time. Timing signals we.re furnished to 
experimenters both by hardwire and by radio. 

Special signals to control gas filling opera
tiom were an added n~quir<:ment. Individual shot 
requirements made it necessary to provide 7 
special signals; signal distribution stations 
handled ag many as 192 local signals. I ndPpen
dent timing syst£-ms were established for the 
TG57 Prnject in Arca 13, for 4 LASL single
point shots in Area 3, and for 2 UCRL ·under• 
ground shots in Area 12. Additional monitoring 
circuits were required to indicate at the CP 
rC>adiness for all devices. 

As in previous operations, EG&.·G provided 
t c·levision circuits for 11,Jernetaing some of the 
critic-al, optical experiments back to the control 
r-.rt·a. This equipment operatPd 1eliably. 

2. PHOTOGRAPHY 

Photographic commitments were to record 
the visible phenomena resulting from detona
tions, which data was ¥educed and intE:rpreted 
by the EG&G Analysis Group. Major tasks were 
to photograph fireball grnwth for yield, growth 
and motion of the atomic cloud F-fter shock 
breakaway, and position of burst for the air-to
air missile (shot John). Photographs w&e also 
made of ground and airborne structures to de
termine effects of hlast and thermal radiation 
for DOD rtnd CETG. Photographic work was 
accc,rnplislwd by ucing bot.h motion picture and 
still cami:ras which were operated from fixed 
st.itions, mobile-trucks, trailers, and jeeps, and 
from aircraft. Backup stations were u!'ed for 
all fhots in the event of camera malfunction or 
gross disagn·rment among closr-in cameras. A 
tot.al of 33 stations wae nc,r::,fod for Plurnbbob 
eo'-"t·rage. Film. which on the average was re
covtcrf'd by H + 3 hours, was proces!-ed at the Las 
\'egas EG&G laboratory. Transpvrtation from 
the ~ite was by ::iuto or aircraft, as circumstances 
pem,1tted. 

3. ALPHA AND OTHER RADIATION 
M EASUREMEJ\TS 

The Alpha Group pt: rforrned react10n hil-tory 
rntasurernrnts on all 13 devict:s detonakd as part 
of the LA~L test program. In addition, radiation 
nos11nP.try was unckrtakcn for CETG. 

,.. '. t,i. • 

As more st•nsitive compom·nts were needed 
to record this information, EG&G dC!signed and 
produced a simplified recording system which 
reduced the tot.al amount of equipment needed 
at each channel of information. The system op
erated successfully. The standard Rossi-type sys
tem was basic to all recorder instrumentation· 
linear scopes were used as experiments dictated: 

During the test, 5 alpha blockhouses Wf.l"e 
maintained, as well as 12 detector stations, and 
1 tower detector location. 

Film badge dosimetry measurements were 
made for CETG. These measurem<:nts were to 
mt'.asure prompt gamma radiation at \'arious lo
cat ions in shelte.rs, and at various distances from 
ground zero. Dosimetry work was also done for 
the DOD, and under CETG sponsorship for the 
Fri:nch &nd German Governments (NATO), and 
Holmes & Narver. Placing of badges, recovery 
calibration, procesc:ing and analysis, all were per
formed by EG&G. 

Assistance was rendered to the Oak Ridge 
National Laboratory, working under CETG 
sponsorship to obtain dosimetric measurements 
of neutron flux. 

4. ANALYSIS 

Major analysis work consisted of reading 
filmi;, reducing data, and issuing for each shot 
final Fireball and Alpha reports (where appli
cable) which were completed within a few days 
after each detonation. Preliminary reports 
(based on rC'ading one film) gave the prelimi
nary yield number to all participating agencies 
at approximately H + 4 hours for each shot. 
Final reports consisted of complete covC'rage of 
the Yisible and nuclear phenomena. Projection 
motion picture prints were also made a\'ailable 
to users :ls an aid to visual int<:rpret.ation of 
the nuckar phenom(:na. 

5. MISCELLANEOUS SUPPORT 

In addition to the various technical sup
port !-e:vices rtndc-red, EG&G staffed the S-1 
function of the Test Director's Staff, and op
trat~d the CP Machine Shop. For the Test Man
ager, EGE_-G operafC:'d new fallout prediction units 
ck-signed by the National Bureau of Strtndards. 
A 1so rC:'prc.-S<,nting the Test Manager, two mem
b(·rs of the Las Vq;as laboratory conducted brief
ing talks for official visit.ors, outlining the ob
jectives of Operation Plumbbob and de,.cribing 
mc:ins of rnl!cting these obj<:.dives. 

NEW INSTRUMENTATION 
AND TECHNJQUES 

Much of the €quipment used by EG&G on 
Plumhbob was of new design, or was rnodifi<:d 
for more flexihility and sensitivity. N<::w imtru
mcr,t.ation and tt·chniques used by c:ach group 
is obcrihc·d hriefly. 

,r ... ..... 
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Figure 2-21. 

4 

EG&G Fireball Photography - Shot Wheeler. 
Rapatro_E_iC s .~m~ra Stries. 
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J. TIMING AND FIRING . . . . •-. 

The Airdrop Sequence Timer (an electro
mechanical timer) was designed for coverage of 
the missile shot. The sh,. t time-of-flight of the 
missile made it necessary to have a more flex
ible timer; also the need for concurrent dry 
runs of missile and tower shots made it neces
sary to design the new timer. 

A new fiducial marker, designed for photo
graphic use, proved to be more reliable, easier 
to transport, install and aim. 

Equipment was developed for telemetering 
Wf'ather information from the area to outlying 
points and to the CP. 

2. PHOTOGRAPHY 

The Image Converter Streak camera was 
proved out satisfactorily at NTS. This camera, 
which cecords fast transients, is smaller and 
the:refore more portable than other cameras of 
this type which have been used in the past. 

Three new Aximuth-Elevation mounts were 
purchased for DOD high elevation triangulation 
work on Plumbbob. These mounts proved to be 
more accucate and flexible than was the theo
dolite equipment which had been used for the 
same purpose. The mounts were used on the 
John and Owens shots. 

New Rapatronic cameras, lighter, more com
pact, and easier to operate and maintain, were 
used satisfactorily on the tests. 

3. ALPHA 

A simplified and more sensitive alpha sys
tem, designed and produced by EG&G, was used 
successfully on shots in Aceas 3 and 7. Thia 
X-1 two-scope system reduced the total amount 
of equipment needed at each channel of informa
tion. The new EG&G scope and photo cell de
tector are an integral part of the new system, 
which incorporates an automatic time-tie and 
is capable of great.er dynamic range than that 
of the present standard system since an attenu
ator is used between the two scopes. 

figure 2-22. Cpn~rgl J{omn_ 'J'jm_ing and Firing Equipment. 
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4. ANALYSIS 

Application of new techniques and electro
nic computing for film reading permitted the 
Analysis Group's rapid issuance of final Fire
ball and Alpha reports. Equipm1::nt used was 
a new EG&G system incorporating a velocity
mark reader, which took both 16-mm and 35-mm 
film, a digitizer, a computer, and automatic 
printers, plotters and comparators. A new 1-'ire
ball reader developed by EG&G also proved 
highly successful. 

PROBLEM AREAS 

From the standpoint of EG&G, the main 
problems encountered during Plumbbob stem
med from multiple capability requirements be
yond estimates, and the accelerated shot sched
ule. 

1. MULTIPLE CAPABILITY 

Although the Timing and Firing system 
was made more flexible to meet Plumhbob re
quirements, increased flexibility was asked during 
the tests. Special signals were needed to control 
gas-filling operations on almost all shots and 
monitoring requirements became very severe. Al
though a number of spare circuits were provided 
in the sequence timer, these were used up quickly 
and it was ne:cessary to improvise modifications 
to the equipment in the field. Monitoring ci.r
cuit needs for telemetering device readiness to 
the CP were also somewhat beyond anticipated 
requirements. The number of ·critical experi
ments to be interlocked in the firing circuit was 
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at times greater than ever before, requiring that 
new equipment be developed and installed. The 
same readiness date for tower and balloon shots 
proved to be an added burden for an already 
overtaxed Timing and Firing system. 

2. ACCELERATED SHOT SCHEDULES 

Pre• operation shot schedules pn,sumed 
shorter intervals between shots than heretofor 
achieved. Although it is recognized that this 
resulted in a more economical test series, EG&G 
was pressed to make rapid equipment shifts 
from area to area without subjecting available 
personnel to fatigue, thereby losing reliability. 
Although this difficulty was anticipated, avail
able time and limited contract funds precluded 
expanding the technical staff and the equip
ment to accommodate the increased tempo of the 
series. 

Similar to the problem noted a hove, the 
extreme dry-run schedule, day and night, 7 days 
a week, proved a serious problem to all EG&G 
groups. There were as many as 10 dry runs in 
one day. These, and last minute shot postpone
ments resulted in near fatigue of personnel on 
occasion. Like personnel fatigue, late t echnical 
changes and salvage operations must be care
fully weighed to assess their effect on reliability. 

The overall economical justification for the 
accelerated program is clear, but the problems 
introduced thereby should also be acknowledged. 
Funds will have to be made available for an 
expanded staff if future operations are to be 
conducted without jeopardizing reliability. 

N. SUPPORT - ARMING AND FIRING 

The Arming Organization was responsible 
to the Test Director for anning and disarming 
the nuclear weapons and devices. Other associ
ated responsibilities were the overall reliability 
of the components required for am1ing and 
firing the device, and safety in relation to acci
dental firing of the device or weapon after in
stallation at the zero area. In order to fuJfill 
these obligations, the Arming Organization 
worked in close liaison with LASL, UCRL, 
EG&G, SC and DOD. 

The Anning work was divided into the 
following parts: Pre-dry Run Tests, Zero Area 
Installations, Dry Runs, Interlock checks, Moni
tor checks, Anning and Disarming. 

1. The Pre-Dry Run compatibility checks were 
jointly conduded at the Sandia Security 
Compound with a representative from each 
organization concerned. These tests included 
visual inspection, voltage and resistance 
measurements, high voltage output adiust-

ment, interlock settings an,d.Junct ional oo
eration of the Zero Rack.[_ 1 
and cabling as connected 111 the final smreJ 
arrangement. At the conclusion of these 
tests the equipment was .ready for ir.stall
ation and dry-running at the zero area. 

2. The Arm-Fire components were installed 
at the zero areas by the organizations re
sponsible; at completion, the Arming per
sonnel operated the equipment locally, if 
required for lest purposes prior lo regular 
d.ry runs. This provided an opportunity for 
the High Time Resolution Telemetry to 
make neutron output rate and time mea
surements, and the diagnostic project to 
adjust oscilloscope and detector sensitivities. 
In addition, numerous other checks were 
jointly performed with organizations _ CQ.~- . .. 
cerned on Zero Racks, r. 
AC power, DC power, ba~ry cha rgers, ~ 
terlocks, monitors, signal lines, etc. 
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3. Dry runs were conducted in order to check 
that equipment operated properly while 
connected in the same manner as at shot 
time. There were 4 different type runs con
ducted: Regular, Power, Frequency and Hot 
Run. On a Regular Run timing signals were 
available to all experimenters but partici
pation of users was voluntary based on a 
need to run. The Power Run was manda
tory for all experimenters and established 
that sufficient power would be available 
at zero time. The Frequency Run was man
dat.ory and proved that all experiments op
erated successfully free from RF interfer
ence. The Hot Run provided the weapons 
people a chance to test the gas plumbing 
and live pit under simulated shot pressures. 
In some cases when time was limited, two 
or more of these specific runs we.re con
ducted simultaneously. During all runs the 
arm-fire components at the zero area and 
the interlock and monitor indications at 
the control point were carefully observed 
by an Arming representative for proper 
operation. 

4. All shots contained interlocks in the gas, 
arm, or fire signal lines. Aftor a sufficient 
number of dry runs had been conducted 
to assure that all equipment was operating 
successfully, interlocks were individually 
checked in a "go" and "no-go" position. 
These tests on some shots were quite com
plicated and involved as each experimenter 
with equipment controlling an interlock had 
to be present at his station while t.wo oper
ators were on hand at the Control Room. 
A man had to be present at the timing 
distribution station, the signal pit, and at 
the zero area and communications were 
necessary at all locations in order to supply 
the necessary instructions as the interlock 
checks progressed. The usual procedure was 
to get all interlocks in a "go" position and 
send out a signal to prove continuity in the 
signal line under check. Next, an individual 
interlock was disabled while all others were 
in a "go" position and the signal was again 
sent out from the control room thereby 
confinning that the disabled inierlock pre
vented the arrival of the fire signal at the 
zero area. All interlocks were checked in 
this manner. 

5. All shots had one or more monitors with 
indications displayed at the control mom. 
These monitors were not automatically in
terlocked in the critical signal lines but the 
equipment monitored was considered suf
ficiently important to cancel a shot if a 
malfunction was indicated. All monitors 
were carefully checked in a "go" anc\.tn~
go" position for the proper indicali• ·. \:.:. 
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6. Arming operations consisted of making final 
checks and connections to the device and 
associated equipment preparatory to firing. 
All arming activities were carefully per• 
formed with the aid of check sheets which 
thoroughly enumerated each operation. 
Progress of the Arming Party was reported 
by radio to S-3 at specified check points. 
Final arm connections were completed as 
close to zero time as practical and only 
with permission from the Test Director or 
Associate. This allowed experimenters the 
maximum time to secure stations and va
cate the forward area. It also gave the 
weather panel an opportunity to e\'aluate 
data obtained closer to shot time thereby 
minimizing the chance of disarming due to 
changing weather conditions. The Arming 
Party was composed of personnel from sev
eral organizations with each having specific 
responsibilities in relation to aim-fire com
ponents, device or associated experiments. 
The Arming Party assembled at the control 
point where the monitors were carer ully 
observed to verify that the arm-fire equip
ment was in a safe or normal condition. 
From the control point the Arming Party 
proc~ded to the timing distribution station 
and the arm-fire monitors were again 
checked for proper indication. At the con
clusion of the checks in the timing distri
bution station the Arming Party opened 
the DC signal power switch before starting 
to the zero area. At the zero area specific 
voltage and resistance checks were per
formed on the arm-fire equipment. The 
measurements were compared with readings 
taken previously in order to assure that 
the arm-fire equipment was in normal con
dition electrically. The arm-fire equipment 
was also visually checked for mechanical 
readiness or damage. At the completion 
of the electrical and mechanical checks the 
Test Director was called to obtain permis
sion to complete the final cable connections 
and ready the gas injection rack. The fi
nal connections anrl preparations were never 
made until the Test Director was sure the 
forward area was clear of people not re
quired during or following arming. 

After the arming operations were complete 
at the zero area, the Salvage Party started 
to work. On tower shots the elevator hoist 
and power t.ransformer were removed. On 
balloon shots the Greenhouse Bridge Crane 
and AC power generator were salvaged be
fore Arming. At completion of the salvage 
operation, both Amung and Salvage Parties 
along with the security inspectors evac
uated the zero area and proceeded toward 
the control point area. The Arming Party 
stopped at the timing distribution station 
on the way to the control point and placed 
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it in a stat.e of n:adiness for the shot. At 
the control room the Arming Party made 
fina) monitor checks to assul'e that the 
weapon or device was ready to be fired 
and then reported to the Test Director. 

7. The disarming procedure was essentia1ly the 
reversal of the arming but without the ex
haustive checks that were completed be
fore arming. Disarming was accomplished 
during Operation Plumbbob for three sepa
rate sets of conditions. These included nor
mal or routine di~arming accompanying a 
weather delay, disarming due to delay 
caused by technical difficulties, and dis
arming following a "misfire." 

a. Routine disarming was performed when 
the device had been armed and the 
shot was postponed because of unsuit
able weather. Disanning was necessary 
before normal activity could be re
sumed in the forv.·al'd area. A con
sidErable delay sometimes resulted be
cause of the replacement time for sal
vaged tower equipment; especially the 
Eclevat.or hoist, elevator controls, and 
utility power transformer. The disarm
ing team consisted of Arming person
nel, EG&G representatives, and gas-fill 
representatives when that equipment 
was involved on the t.est. The DC sig
nal power was shut off at both t.he 
control point and the distribution sta
tion until the disarming was completed. 
When the E:le\'ator equipment was re
placed and in ope:ration, the disarming 
team wt-nt up the tower and rEcmoved 
patch cables, disconnected detonators, 
shut off gas-fill valves, and any other 
operations neces,;ary to put the device 
and its associated equipment in a safe 
condition. 

The normal or routine disarming func
tion was accomplished at least once on 
most towers ~nd several times on some 
that were delayed for long periods aft.er 
their first r.::ady date. There was one 
halloon i;hot, Charleston, where dis
arming of a routine nature was neces
sary due to a weather delay. This dis
armament was accomplished essentially 
the same as on towers except without 
rt-quiring the salvaged t•quipm<::nt to 
be replaced bdore disarming could 
pro<:t'ed. 

b. Disarming due to technical difficulty 
was pHformed once during the opera
tion when t.hP. firine nf Whit.nev ,,·ai:; 
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stoppedr.. . . _ . . _ _ . 
JThe type 

of disarming procedure folm\\:ed in this 

case was very similar to that used for 
a routine disarmament, but consider
ation had to be given to the probable 
cause of the failure and possible con
sequences. 

c. Disarming due t.o a "misfire" had to be 
accomplished once during the operation 
when Diablo failed to fire at the com
pletion of the timing sequence. A meet,. 
ing was called immediately by the Test 
Director to discuss t.he cause of the 
failure. It was apparent from the moni
tor indications that AC power was not 
available to the zero rack or was of 
a very low value. Because of the indi
cation that AC power was removed by 
salvage of the hoist and utility trans
former, it was deemed safer to climb 
the tower and complete disarming be
fore reinstallation of the elevator equip
ment. The Disarming Team delayed 
going to the zero area until monito11 
at the timing distribution station were 
checked and found to agree with the 
indications at t.he control point. At 
the zero area_ an Arming reprcf'-cnt.a
tive, L tepl'esentative, and a 
device repres~nt.ative proceeded .to 
climb t.he tower while another dc\"IC't 
representative and a EG&G l'<:pru-.cn~• 
tive remained f!1. the base. The D11• 
;:;rming Team { 

-~and-a multimet.er up the 
tower whilt!"air-brcathing apparatu.~ wat 
available at the base of the tower U 
ni-:cded. The cab was carefully aiur
veycd and was found deal' of cont11ml• 
oat.ion. 'fhe patch cables we.re rl•mo,·rd, 
the detonator cables were d1sconn1-ch;d. 
the "pin",onitor power f.UPPh' da.t• 
connected . . 
- No A power was lound 1n ~af 

cm and later checks of the po;,n~r r~~ 
cuitry showed that the zN0 r. 1rk .. h,lJ . 
been inadverle:ntly conneckd to u, ,. 
. h h ,. .. , ... ,I'll' n1 1ty" power .rat er t an mi- • .. 



power and so was disconnected when 
the utility transformer was salvaged. 
On all subsequent shots, instrumen
tation AC power monitors were in
stalled at the control point in order 
to prevent any further "misfire" due 
to loss of AC power. Also, the utility 
power was disconnected at the base 
of the tower during the Power Run 
in order to prove that the firing sys
tem was operating from instrumenta-
tion power. · 

Safety in relation to accid£mtal firing was con
sidered a grave responsibility by the Arming 
Organization because numerous dry runs were 
conducted after installation of the live device or 
weapon at the zero area. In respect to the 
danger this situation offered, an armina man 
was present during dry runs to assure th

0

at the 
live detonator cables were grounded or safely 
isolated. 

During Operation Plumbbob, an MB-1 missile 
containing a nuclear warhead was fired over 
the NTS from an F89D. The MB-1 was assem
bled and checked at Indian Springs Air Force 
Base by Air Force Personnel; however, an Arming 
representative of the Test Diwctor closely moni
tored the handling and checkout procedures to 
assure readiness and accepted safety practices 
in relation to the nuclear warhead. 

The Arming Organization completed Data Books 
on each shot during Operation Plumbbob which 
contain the actual check lists that were used 
in each phase of the Arming work. The books 
will be given to the Test Director after docu
mentation and will be available for refe.rence 
in the Operation Plumbbob files. 

Looking back and evaluating the experience 
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gained during Operation Plurnhbob, the following 
recommendations are presented: 

1. There should be a separate cable and 
associated terminal boxes to supply the 
critical signal lines needed to arm and 
fire the weapons or devices. This signal 
cable should contain sufficient lines to 
dry run several areas at one time. 

2. In consideration of reliability, a shot 
schedule should never be accelerated 
to the point where personnel do not 
have adequate time to properly set up 
and check equipment a sufficient num
ber of times to establish confidence. 

3. If at all possible the traffic at the zero 
sites should be reduced. This applies to 
working personnel as well as visitors, 
especially during initial set up and dry 
runs. At times the work at the zerc, 
sites was hampered due to crowded 
conditions. 

4. All zero sites should have a minimum 
of two telephones. There were several 
shots where communication by tele
phone was inadequate. 

5. In future tunnel tests more space should 
be supplied at ground zero for installa
tion of equipment and standing room 
for associated personnel. 

6. On future balloon tests it is recom
mended that a study be made by cable 
experts on the suitability of the present 
cable clamp used to support the balloon 
signal cable, and a better system should 
be devised to protect the balloon signal 
cable from vehicle traffic. 

0. OUTSIDE SUPPORT 

Outside support fur Operation Plumbbob 
was provided principally by two agencies-
Holmes & Narver, Inc., as the architect-engineer, 
and Reynolds Electrical & Engineering Co., Inc., 
as the maintenance, construction and field sup
port contractor. Holmes & Narver's function 
was to supply required design, establish con
struction schedules, conduct field inspections, 
and administer contracts of the lump sum con
tractors. Reynolds' function was to operate and 
maintain the camp and other permanent test 
site facilities, perform construction that could 
not practically be done by lump sum contractors, 
and to provide field support required by various 
using agencies. As an added task, Reynolds es
tablished a Rad -Safe organization to provide 
monitoring services and film badge analysis. In 
addition to Holmes & Narver and Reynolds, 

several lump sum contractors and one CPFF 
contractor undertook construction contracts be
fore and during the Operation. These contractors 
performed construction on towers, tunnels, wells 
and miscellaneous structures. 

Based on the problems experienced during 
the operation, primarily that of meeting sched
ules, the following recommendations are worth 
noting: 

1. An attempt should be made to eliminate 
the duplication of paper work between 
the architect-engineer and the mainten
ance· contractor in order to minimize 
construction delays. 

2. The use of lump sum contractors after 
the st.art of the operation. ~hould ·be 
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avoided because of the lack of time 
control that can be exercised on this 
type of contract. 

3. All lump sum and CPFF contracts 
should be awarded and administered 
by t.est site personnel in order to assure 
appropriate control. 

4. Field inspection forces of the architect
engineer should be t!Xpanded to a level 

commensurate with the construction 
activity at the site. 

The above recommendations all point to
ward enhancing chances of meeting critical 
schedules. It should be noted, however, that 
despite t.he problems implied in these recom
mendations both Holmes & Narver and Reynolds 
extended maximum effort to successfully meet 
nearly all scheduled l'cquirements. 

Figure 2-24. Inflatable \Vawhouse- Camp Mercury. 
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CHAPTER Ill 
ADMINISTRATIVE OPERATIONS 

A. OFFICE OF THE TEST DIRECTOR 

The Test Director was appointed by the 
Atomic Energy Commission and given general 
responsibility for the coordination and scientific 
support of the scientific test program, for the 
conduct of the experiments, and for collecting 
and evaluating data acquired from the tests. 

The Test Director discharged the above 
overall responsibility by coordinating the efforts 
of the six Test Groups in the field. These Test 
Groups, through their Test Gl'oup Directors, were 
responsible for the entire scientific test program. 
The Test DirectOl' became involved in operational 

details only when resolution of inter-agency 
problems was required, and when he directed, 
through his staff, the coordination of schedules 
and detailed movements of all agency personnel 
near shot time. 

To asist him in the discharge of his respon
sibilities, The Test Director appointed an Asso
ciate Test Director, Mr. Don Shuster to act for 
him in his absence, and a Staff Co-ordinator 
who was responsible for organizing the Test 
Director's staff sections and implementing the 
Test Director's policies through the staff sections. 

B. MILITARY ASSISTANT TO THE TEST DIRECTOR 

Acquisition of maximum experit-nce from 
each shot is a fixed goal in all test series. 
This policy brings many diverse groups together 
in a common effort. The AEC lahora tori es de
velop new weapons. The military laboratories ex
amine weapons effects. The Air Force operates 
cloud sampling aircraft, utility helicopters, log
istic cargo flights, fires air-delivered weapons, and 
orients crews by flying them near the detona
tions. The Navy and the Army likewise partici
pate heavily in the weapons effects t~sts. Both 
the Marines and the Army conduct troop ex
ercises. All services bring large numbers of 
kainees and observers of all descriptions to ob
tain experience in operating under the conditions 
of nuclear detonations. 

These diverse groups divide into two major 
categories-- civilian and military. The mutual 
understanding which is essential to rnccess is 
assisted by integrating civilian and military per
sonnel throughout the test organization. On 
Plumbbob one step in this integration not made 
in previous series was the appointment of a Mili
tary Assistant to the Test Director. The function 
of this officer was to participate informally in the 
Test Director's policy discm;sions in the interest 
of mutual understanding among civilian and mili
tary personnel. 

Within the Test Director's organization, the 
Military Assistant a£sumed the additional .duty 
of approving the Desert Rock plans for the Test 
Director to a!;sure minimum interference with 
scientific programs and _tp"'provide maximum 

practical latitude for accomplishment of the 
Desert Rock objectives. 

The Military As.sistant avoided any ten
dency to operate as an additional operating 
headquarters between the Test Director and the 
Director of the DOD Test Group. He did assist 
in communication between these two Di.rectors 
and also with the Military Deputy Test Manager. 

Plumbbob experience in the integration of 
of the wide variety of activities into the common 
effort necessary for maximum utilization of active 
material leads to the following comments: 

The present philosophy of firing specific 
weapons effects shots according to established 
requirements of the weapons effects program 
yielded highly significant effects data and ma
terially reduced effects experiment participation 
on weapons developmt.:nt shots. 

Nevertheless, to realize maximum utilization 
of active material and to permit completion of 
the effects program, the DOD Test Group par
ticipated on practically all major shots v.ith 
the understanding that the interests of the effects 
experiments yielded in an emergency to the re
quirements of weapons development. No signifi
cant interference with the weapons development 
program arose from the weapons effect program 
and, furthermore, all the majo,: objectives of the 
weapons effects program were met. 

Tactical development for nuclear warfare 
requires participation on actual detonations by 
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troop units. These range in size and complexity 
from small flights of aircraft flying by in the vi
cinity of the burst up to fairly large combined 
arms field exercises. There were two field exer
cises conducted during Plumbbob. A Marine air 
landing exercise was conducted on shot Hood 
and an Army air landing assault was conducted 
on shot Smoky. Approximately one month prior 
to the initial ready date for Smoky the Test 
Direct.or ler,med that it would be technically 
11ossible to advance the initial ready date by 
two weeks. Because of the fact that tlse field 
r:xercise could not be ad\'anced at all, thic; ad
\'ance was not made. It is possible that as the 
i:ize and flexibility of the national stockpile of 
nuclear weapons increases, the need for t.actical 
development may increase to the point where it 
is equally critical with the need for deve:lopment 
of new weapons. In such a case, scheduling of 
shots of reliable high air burst stockpile wrapons 
for pu.ely tactical development purposes should 
be considered for the then current test series. 

Shot John, the air-to-air rocket, was fired 
by the Air Support Group, including the arming 
of the device. Preliminacy conferences between 
the Test Director and the Commanding Officer 

of the Air Support Group provided an advisory 
system to the military from the regular AEC 
arming personnel which considecably n,assured 
both parties and eliminated operational inter. 
ference during the final critical positioning orbits 
of the delivery aircraft. A similar philosophy 
in future firings by the military would probably 
realize similar benefits in increased reliability 
and in increased proficiency of the military in 
the support activities incident to a nuckar firing. 

Two t-tchnical projects conducted by Desert 
Rock developed into investigations that would 
probably have been bettc,r established as AFSWP 
projects under the DOD Test Group. They were 
Project 50.3, conducted by the Evans Signal 
Laboratory, and Project 50.8, conducted by the 
Army Artillecy and Guided Missile Cent.er. Both 
of these projects had the objectives of lor.ating 
ground ze,co, estimating ;ield, measuring cloud 
height, predicting and tracking cloud travel, 
and predicting and measuring fall-out. This is a 
highly t.echnical objective. The technical direc
tion of the DOD Test Group would have been 
of assistance, had this been made an AFSWP 
responsibility. 

C. ADMINISTRATIVE SERVICES (S-1) 

The S-1 staff for the Test Director was 
formed in October 1956 from personnel of 
EG&G. Initially the section was located in Liver
more with subsequent moves to Las Vegas in 
February and finally to Mercury in March ,957. 

The basic responsibilities of this Section 
were to coordinate the administrative s£:rvices 
type of ,£:quirement for all elements of the Test 
Director's organization. S-1 handled personnel 
housing; office, laboratory, and warehouse space; 
office furniture; communications equipment; 
mail; and recreation. 

Information on requirements for the above 
items was colh·cted from the Test Din:ctor's 
organization via the Stat.us Reports, int..egrat.ed 
and pas.<:f•d to the AEC for action. 

It was the policy of the Test Director that 
S-1 would not be concerned with detailed prob
lems within a Test Group, but would work l'ith 
the "1" representatives of all groups to resolve 
gtn&al problems. Allocations of housing, space, 
vehicles, etc., were made to the Test Group in 
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Type HoU!;ing 

Letter series dormitories 

"500" series dormitories

Trailen 

blocks for further detailed allocation within their 
own organizations. 

HOUSING 

As the first requirements for housing were 
compiled, it became evident that living accom
modations during the Operation would be e:t• 
tr<::mely tight. Due to the difficulty the labor&• 
tories experience in getting sciE-ntific personnel 
to participate in tc.-st operations, it was felt 
that the crowding and sub-sbmdard living accom• 
modations which obtained during the ln.c;t 
operation should not be re:pcated. Statistics of 
anticipated population were presented to the 
Test Manager along with the Test Din-ctor'I 
recommendation for improved living runditionl. 
As a result of several meetings, the Test Mnnntor 
augmenkd the E-xisting housing units with the 
lease of a number of house trailers, l 50 of which 
were allocated to the Test Dir~ctor's ori;uniza• 
tion. With a predicted Test Dil"ect.or popubt..ion 
of 1600, the total housing space a vailn hlc to the 
Test Dirc~ctor is shown in the following table: 

Number Space 
Assif,rned Available 

9 

10 

150 

450 

540 

450 

Total 1440 



As the Operation progressed it became ap
parent that the population of Test Director 
personnel was falling below the anticipated levels 
as shown on the Status Reports. (See graph) 

Several meetings were held in an attempt 
to re-allocate housing among Test Groups and to 
l'etum some to the Test Manager for his use. 
This was finally accomplished but most of the 
participating organizations, after having been 
allocated blocks of housing, were very unwilling 
to release portions. In the future, more efficient 
use of the housing available at the Test Site 
could be achieved if S-1 were to retain control 
of about 20 percent of the space allocated to 
the Test Director to issue on short term occu
pancy. 

Coordination of housing aJJocation would 
be made easier if the Test Manager could 11)&.U 
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his gross allocation to the Test Director some
what earlier than was the case in Plumbbob. If 
such an allocation could be made at least sixty 
days prior to the op,., rational phase the problems 
involved in sub-allocation would be eased. 

OFFICE, LABORATORY AND . 
WAREHOUSE SPACE 

The office and laboratory space available 
to the Test Director was concentrated in the 
Quonset area, Building 102, and Building 111 
in Mercury, and in the CP and Programmatic 
buildings at the CP area. 

The space allocated to each of the groups 
within the Test Director's organization is shown 
on page 81. Although this did not comprise 
the total space requested in the Status Reports, 
it seemed to serve all participants well and no 
undue hardship was experienced by any group. 
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MERCURY 
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Figure 3-1. _Plot Plan of Mercury'. 
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TOTAL SPACE IN SQUARE FEET 

ORGANIZATION OFFICE LABORATORY WAREHOUSE TOTAL 

LASL 2845 

UCRL 3336 

DOD 236 (CP) 

SANDIA 890 

TG-57 784 

CETG 3190 

EG&G 480 

T.D. 1278 

The earlier allocation, by the Test Manager 
to the Test Director, of this type of space would 
result in a much smoother preparation for occu
pancy. In Plumbbob test personnel were not 
allocated space until late in the planning period, 
and as a consequence could not specify com
munications, furniture, and other support items 
far enough in advance. This put an ext.ra burden 
on the Support Director to fullfill all require
ments in a short space of time. 

VEHICLES 

Vehicle requirements were obtained from the 
Status Reports and after consolidation passed 
to the AEC to provide. The vehicles which were 
used we.re leased on short tenn by the AEC for 
this test. Some problems v,;th vehicles were 
caused by late delivery to the Test Site of ve
hicles to cover needs of personnel who were in the 

TYPE OF 

800 4000 7645 

2400 4000 9736 

236 (CP) 

266 2000 3156 

1066 0 1850 

3200 250 6640 

1000 500 1980 

108 0 1386 

field at early dates. Once the Operation was in 
full swing, vehicles offered very little trouble. If 
it is possible for the AEC in its rental agree:ment 
to effect a smQother delivery curve to meet the 
early require~nents and gradually increase to the 
peak needs, it would eliminate some of the early 
shortages which were experienced. Sufficient time 
should always be allowed in the planning to in
stall equipment in the rental cars as required by 
the experimenters. It took extreme effort by the 
Support Director's radio organization to get com
munications installed in the required vehicles. 

As the Operation prog.ressed, the vehicle 
requirements were reviewed periodically and ad
justments made where possible to assure effective 
use of all equipment. The maximum allocation 
of vehicles to elements of the . Test Director's 
organization was as shown in the table below. 

VEHICLE TG-57 T. D. LASL UCRL SANDIA EG&G CETG DOD TOTALS 

Sedans 12 19 50 62 

Pick-ups 17 4 30 21 

Station Wagons 4 4 12 17 

:M.iscellaneous 10 1 9 3 

Total 41 28 101 103 

COMMUNICATIONS 

S-1 was responsible for coordinating all port
able and stationary radio requirements which the 
AEC furnished, and for the telephone require
ments in the space which they controlled. 

The telephone system at the Test Site 
was extended after Teapot with the addition of 
100 new lines in the Mercury and CP system. 
By means of careful allocation of lines, the 
service adequately covered the needs of the par
ticipants. Installation of phone service was often 
delayed, however, because of the 1,te. u,ac~ 
allocation problt:ms mentioned above. 

21 12 38 (Drew 214 

20 21 28 Vehicles 141 

9 1 from 47 

10 6 26 DOD 65 

60 40 92 Support) 467 

Ten communication nets were furnished at 
the Test Site for communications of all pt:rson
nel. Five of these nets were made available to 
the Test Director for allocation. Adequat.e num
bers of mobile units were provided by the AEC 
although a larger number of unil$ availtible 
would have prevented many rush moves of equip• 
ment to keep up with the demands. A larger 
number of spare crystals for the available units 
would have made the equipment more flexible. 
Communication equipment was allocated as 
lfioi~ on the next page. 
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ALLOCATION OF COMMUNICATION EQUIPMENT 

USER MOBILE REMOTES BASE 

DOD 35 20 

TG-57 33 1 
LASL 59 22 
UCRL 58 21 

T.D. 13 1 

CETG 26 11 

SANDIA 29 10 
••£<# 

TOTAL 253 86 

TWX facilities ,·ere furnished by the AEC 
both in Mercury am:: at the CP. The usage of 
these facilities at the CP did not live up to ex
pectations and for future operations the require
ment for full time cover.1ge of this station should 
be reviewed. 

GENERAL 

S-1 was also charged with the responsibility 
of working with the AEC to make such improve
ments as were possible in the general living 
standards at Camp Mercury. The following im
provements were instituted: new volley ball, 
handball, shuffleboard courts, and a golf driving 
range were built; a recreation supe.rvisor was 
employed by REECO to organize competitive 
sports, tournaments, dances, picnics and field 
trips; the steak house in Cafet.eria No. 2 was 
operated for the entire Operation; male visiting 
hours in the women's dormit.ories were relaxed; 
facilities for cashing personal checks were estab
lished; forward area feeding stations for break
fast, lunches, and dinner were established; a 
personnel-locating service was instituted to 
handle home and business emergencies; and a 

5 

2 

7 

8 

4 

7 

33 

HANDIE 
PACK SETS TALKIES 

8 

2 

6 

16 

16 

8 

6 

4 

34 

TRANS
CEIVERS 

1 

9 

7 

2 

6 

25 

picnic al"ea was established. A private car rental 
service also was offered to participant.s, but failed 
to stimulate sufficient interest to warrant its 
continuance. 

It is recommended that sufficient provision 
be made in future budgets to permit expansion 
of facilitiPs as follows: 

1. Construct a new movie theatre large 
enough to handle boxing and wrestling 
matches. The movie theatre should be 
run by REECO rather than military 
personnel to avoid the conflict which 
existed as to proper wearing apparel 
in the theatre. 

2. Establish facilities for the sale of bot
tled and case liquors, and serve mixed 
drinks in the iecreation hall 

3. Construct swimming pools in Camp 
Mercury. , 

4. Inst.all a camp laundry run by the 
maintenance contractor. 

5. Provide more adequate eating facilitict 
in the vicinity of the CP compound. 

D. OPERATIONS (S-3) 

The S-3 Section was set up in September, 
1956 with the following responsibilities: 

1. Coordinating the plans of the Test 
Group Direct.ors and publi!:hing this 
coordinat.ed information to all interest
ed participants and Test Groups via 
Operations Plans, Annexes and Test 
Bulletins. 

2. Planning and cocrdination on dry runs 
of all types. 

3. Detailed movements v..-itbin th~ Test' 
Site at shot time (D.:J..· t,t"nd D_ day) for 
each 
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4. Coordination of frequencies and fre
quency interference. 

5. Emergency evacuation plans tts re
quired. 

The S-3 Section started operation in Lh·cr• 
more in late October and moved to Las \'l''"' 
about the middle of January. ln March, 11lonC 
with the other staff sections, S-3 moved t;>, 
Mercury. It is recommended that the ,-t_:. 
sections originally muster in Las Vegas, mo\'Hll 
to Mercul"y when required. 



OPERATIONS 

Pre-operational activities consisted mainly 
in the compiling of overall test information and 
its dissemination to test puticipants via the 
Test Director's Operation Plan, Annex and Test 
Bulletins. The publication of a chart of accounts 
in this period was also accomplished. In the 
future, much closer coordination with the AEC 
should be obtained in the gene.ration of the 
chart of accounts. Misunderstanclings between 
the Test Director's staff and the AEC resulted 
in quite an ambiguous chart of ac.:c-ounts. Closer 
liaison could have produced a more workable 
document. 

During the operational period, in addition 
to the duties outlined above, S-3 assumed the 
job of acting as an information center for test 
participants. The office, of necessity, was manned 
almost continually on a 24 hour day, seven day 
basis due to the compressed shot schedule. Be
cause of this availability of S-3 personnel during 
the off hours many minor problems were handle<! 
in all fields. 

CHAPTER Ill, SECTION D 

One of the major responsibilities during the 
Operation was the preparation of the shot an
nexes to the Test Director's Operations Plan. 
These annexes covered the details of personnel 
and equipment movement within the shot areas 
between about 1800 on D-1 thlough D-day until 
the area was released by the Test Director. In
formation of required movements and manned 
stations was furni ;;hed S-3 by the Operations 
staffs of the various Test Groups. The total re
q uiremt;nts were integrated and conflicts re
solved prior to the publica lion of the detailed 
annex. This annex was then used by the S-3 
personnel in cooperation with the Test Site 
Security Force in controlling access of personnel 
into dangerous areas. 

The Air Operations Officer within the S-3 
Section had two general responsibilities: first, 
to act for the Test Di.rector in all matters per
taining to aircraft safety, interference, and 
scheduling; and second, to coordinate the user 
requirements for such support aircraft as L-20, 
H-21, and sample return planes. During Plumb
bob, the Air Support Group ( 4950th Test Group 

- ~ --- ~:-::--..;•-:-- ~. -,.--~~ ::-~_-- :.-; -~-w: ... ~~-"'-~~--. t - --~---~-.... . ✓-~- . ~ _ . ......--.:p, -~•---~-:.:.-·•-~>'-.'. ~-..;_· -~----- ·-..!l'..-£._'C-,,......: ~ ' -".:.;,_ -----~ -l, -_ ..... 
'
,,~ · · ; . - .,...., .... _ .. ~t~-=::~ ~__...-- .. ' ·- ~ , ,,.-.--- ' ·- · ·- .. . -.... . • .. ._.--
-: . _ .._ . - ;-- . "-C-:.:_· ~" - . cc.:..!-=:?- s ·". ..=._·1, --- . • . _ _. · 1 •.· .. , ':;.'•" • •·••• •:••· -·• ,t=·•~ -1 • . • ~-•- P_ ._;," _;_; >( ; • f; · 1 

. , ..: · .... __ ;. __ -· ·- - ·- . . :. · ... • · .-. · • • ,p - -

.;. . . .... :· , :: ......... _ • ··=: ;· .;. . ..· . . • . .. . ~ 

~-, '- ;,_,:,, , •. L .,.,_..,,.-.., •• '='. c •;.,_c-o,. ·r. , ..• , .. • ,,.,,;:.:,, ~M -~~•~>•"~~ . .,. ,.o, =••·• ,_ • ~ - ,.~ J 
Figure 3-2. Support Aircraft Operating from Indian Springs. 
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from Kirtland AFB) was altach£-d directly to 
the Office of the Test Manager and the S-3 
Air Operations Officer handled all business be
tween the Test Direct.or's organization and the 
Air Support Group. Relations were excellent 
and all support requirements were met. 

The problem of frtaquency allocation, com
patability and interference for all participants 
was another opuational responsibility of S-3. The 
largest ~ingle problem in this field was the loca
tion (as to source) of spm·ious and interfering 
signals which conflicted with signals required by 
the experim~ntal programs. When one considers 
that there were an average of 40 RF generating 
systems operating on each shot, covering a fre
quency of 150 to 9.500 me, one can see that 
inter!erence betwE:en these signals could be a 
major problem. For the first 5.hot or two, the 
location of an interftaring signal was an almost 
impo!'sible job. During the balance of the Opera
tiun, the FCWT Communications Officer arrang
ed for the AEC to borrow a military signal 
source locator capable of detecting signals from 
7 KC through 10,000 me and giving the exact 
frequency and azimuthal bearing of any signal. 
After this (~quipment arrived and was put into 
i;e:rvi~e the signal interference probkms were 
much easier to f;Olve. It is recommended that 
for any futu~e operation of the magnitude of 
Plumbbob, such interference locating equipment 
be procured and operated during the entire test 
period. 

Integration of dry runs for all participants 
was handled by S-3. This was necessacy because 
of the tight schedule, the numbec of runs re
quired, and the many users of the signal runs. 
This practice should be continued in any opera
tion where more than one user is involved. Three 
types of dry runs were involved: first, the signal 
run which <:xpe,imentus used t.o check operation 

of their equipment; next, the power dry run 
which was used to check whether sufficient 
power was a\'ailable to cover the needs of all 
participants on a single event; and finally, the 
frequency dry run in which all participants on 
a single event turned on what.evec frequency 
gene:rating equipment they intended to use and 
the general problem of frequency interference 
was checked. 

RECOMMENDATIONS 
' _ T~e Status Report~ which_ all Test Groups 

hled with the S-3 S<·dion durmg the planning 
phase of the operation provided the basis on 
which all support except construction was found
ed. The ope.rational period of the test indicated 
a couple of areas where more complete data on 
the preliminary reports could have matnially 
ca'-'ed the pressure. On certain events, classified 
materials were put in the shot area to test the 
effect of the weapon on their components. S-3 
was not aw&re that this material was in the 
field. When time came for recoveries, S-3 was 
faced with the problem that monitors could 
not enter the area to survey for safety because 
they were not cleared for access to the material 
displayed, and security personnel could not go 
into the a.ea to guard the material until the 
area had been monitored. Needless to say, the 
problem was resolved, but in the future if such 
displays were noted in the preliminary Status 
Reports, the problem could be avoided. One 
additional item of information which would he 
very valuable on the St.at.us Report would be 
a statement as to any early or unusual recovery 
requirements necessary in the acquisition of 
scientific data. Prior knowledge of these require
ments would allow prior planning for their 
accomplishment in a 1;moother and easier manner 
than obtained during Plumbbob. 

E. CONSTRUCTION (S-b) 

The missions of the S-6 Sl'ct ior. were basi
cally to coordinate the construdion and support 
requirements of the various users with respect 
to scheduling, and to provide and maintain an 
up-to-date instrumrnt chart showing all stations 
and the facilities at each station. 

The basic policies for the St<tion were es
tablished jointly with the AEC and n •prescnta
tives of the "6" S<.-ctions of the Test Groups. 

These policies established for S-6 were as follows: 

1. 

2. 
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S-6 was to be a coordinating body only, 
to handle interforenc:es betwc.:en user 
n·q u i rements. 

E;,ch indi\"irlual "6" section:\ .. w:itt\ ~•e 
direct contact "':~Jhe )\:.i-crutt:ct-

3. 

4. 

5. 

Engineer (A-E). The n ·spon!'ibilit.y of 
ket-ping S-6 informed of arrangemcnta 
made betw('<.:n the various "6" 1,ediona 
and the A-E was placed on the indi• 
vidual "6" section. 

S-6 was not to question the rC'quc.sta 
or designs of the users unless thCflC! 
requests or designs interfered with 
other users. 
In the field, S-6 was to e:ourdinnt..c tht' 
const.cuction and support n•quifl•nwnU 
of all U!;E:rs and was to maint.nin control 
by being the only unit auth,,riwd to 
sign Work Orders. 
All crituia from users were to he di• 
rected to the AEC with inform!ltion 
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copi~s to S-6: S-6 ~xcrcised approval 
of f ma) drawmgs rmor to their being 
sent to the field for construction. 

6. S-_6 was t~ act as an independent body 
wit~ no ties to any particular partici
pating agency. 

Along with the othcr staff sections S-6 was 
fonned at Livermore in October of 1956. When 
the S-6 SPction was t:stablishecl, the various 
~~rs. were already i~ the process of fOl"warding 
cnt<:~1a for rnnstruchon and forward area com
r~tm1c~hons to the c:onstruction contractors 
smce it was necessary that these cont.ractors 
would have anequate time for c:onstruction and 
proc-1;1 rement. Liaison with the c:ontractors re
gard mg the ~tatus of design and c:onstruction 
w~s acco~1ph_shed by numerous meetings and 
tnps to Jobs1te for on -the-job inspections and 
conforenc:es. 

When the S-6 Section and the "6" sections 
of the various use:-s moved into the field it was 
th~ responsibility of S-6 to provide . adjacent 
office_ space for the use of the "6" sections from 
Sandia, UCRL, LASL and CETG. The resulting 
close rnntact of the "6" s<.:;ctions greatly facili
tated ~he coordination of requir~ments and the 
resolution of problems experienced. 

OPERATION 

. During the oper~tional phase, the prime 
duties of the S-6 Section wl:'.re to coordinate the 
users' ~upport requir.::me::nts with respect to 
scht-dulmg and to 1-eep the contractoc advised 
of changes 8:n? priorities _within the test pro
gram. In arld1hon, S-6 continued the preparation 
and maintenance of the instrument chart and 
providt-d the rnpport contractor with consolidat
ed "huttc,n-up" requirements for each experi
ment. Bc·rnuse of the !act that information to 
be. disseminated to various users was normally 
of mterest only to the "6" sections, S-6 used di
rt-ct corre~pondence rather than Test Bulletins to 
convey information. Communications between 
the S-6 St'ction and the various contractors was 
by means of Work Orders which were originated 
by the various using age:ndes and then co
ordinated with the contract.ors by S-6. 

Three major problt-ms were encount.e.red by 
the S-6 Section during the Operation. These 
are id<.:;ntified and discussed below. 

1. Inadequacy of field inspection by the 
A-E. The A-E had an insufficient 
number of inspectors in the field to 
cover adequately construction in pro
gress. Because of this Jack of field re
presentation, thece were numerous in
s1 ;;nces where both the Jump sum ~~ 
tract?rs and the CPfF contrac½>~~~r~ 
working from anhqua\~ clrawmgs. 
Some structures ~-~r(_ riqt. built· i.q 

accordance with existing drawings and 
the performed work was of a le~r 
quality than called for in the specifi
cations. Later in the Ope:ration, the A-E 
did not provide inspection service on 
support type Work Orders. As the 
amount of construction decreased, the 
A-E discharged inspectors accordingly 
and consequently never achieved ade
quate inspection coverage. 

The number of inspectors had been 
limited by the AEC. By the time the 
shortage of inspectors was observed, it 
was too late in the Operation to hire 
and train additional men. As a result 
the "6" section field representative~ 
attempted to observe the details of con
struction more closely than normally 
would be l"eqnired. 

2. Inadequacies in work order system. 
Early in the Operation this problem 
exhibited two parts: (a) approximately 
one week was required to process a 
Work Order from the using agency to 
the hands of the field construc:tion 
personnel; and (b) no procedures were 
set up to handle minor emergency 
work in the field. 

The excessive time required to process 
a Work Order arose f.rom the fact that 
each individual Work Order required an 
official estimate of cost by the A-E 
prior to its transmission to the con• 
tractor. In order to overcome this a 
master Work Order was written to cover 
field support only. The master Work 
Order carcied a cost estimate of all 
field support · that would be required 
for a two-week period; thereby elimin• 
ating the necessity of making an in
dividual estimate on each field support 
Work Order. In addition, continuing or 
open Work Orders were prepared U> 
handle such minor work as movement 
of ma1erials, minor carpentry, electrical 
and other field support services. These 
work order numbers were then available 
to the field personnel, enabling them 
to t.ake care of minor emergency work. 

Because the open Work Orden; de
scribed above were a,·ailable foe USP. by 
the field personnel without any control 
from the contractors' supervisor)' force 
or the S-6 Section, the construction 
contractor was placed in a position of 
being rtquired to do work without an)' 
documentation. In order to document 
the work done by the construction 
contractor and to insure that inllilruc
tions were passed from user& to con• 
tract.ors without errnr, it was rc•quin-d 
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that any work to be done on the open 
Work Orders be covered by a "buck 
slip" describing the job to be done. 

3. Confusion in the chart of accounts. 
After construction for the Operation 
was well undenvay, the AEC issued a 
chart of accounts showing the numbers 
against which each program or project 
should charge work. This listing was 
so in<lefinate as to permit varying in
terpretations among the groups involv
ed. As a result, it was extremely diffi
cult to review the cost account and in
sure that all charges against any pro
gram, project or structure had been 
properly allocated. Since time did not 
pnmit reissuance of the chart, the only 
corrective action possible was to have 
S-6 code all Work Orders in an effort 
to obtain uniformity in the charges. 

CONCLUSIONS AND 
RECOMMENDATIONS 

Based on the S-6 Section's experience during 
Operation Plumbbob, the conclusions reached 
and recommendations for future operations are 
as follows: 

1. The basic policy of having the Test 
Director's staff independent of any of 
the participating laboratories should be 
continued. 

2. Prior to any future full-scale operation, 
the quantity and quality of the A-E's 
inspection force should be verified. It 
is recommended that an S-6 representa
tive participate in discussions regarding 
the numbers and types of inspection 
personnel required. 

3. The work order system shouJd be sim
plified to expedite the processing of 
user work req•Jests. The simplification 
could be accomplished as follows: 

a. Eliminate the necessity of estimat
ing each Work Order or increase 
the number of estimators to speed 
up the process. 

b. Have all the people required to 
sign Work Orders in the same 
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building to eliminate the necessity 
of hand-carrying the orde.rs around 
for signatures. 

4. In conjunction with Work Orders, it 
is recommended the system of "buck 
slips" be continued; however, tighter 
controls on the numbers of "buck slips" 
should be exercised as follows: 

a. Based on Plumbbob statistics, 
establish a dollar limitation on the 
total amount of "buck slips" writ
ten over a one-month period. When 
the dollar limitation has been ex
ceeded, no more "buck slips" can 
be written until a new fund is avail
able the following month. 

b. Make it mandatory that S-6 ap
proval be obtained if work is to be 
accomplished on the same date 
that the "buck slip" is written. 

c. Have the support contractor acea 
superintendent countersign all 
"buck slip" requests rather than 
the inspectors. 

5. Prior to any future operation, the AEC 
should attempt to simplify the chart 
of accounts so as to eliminate the dupli
cations in the available charge numbers. 
Because the S-6 Section works in such 
close association with the chart of 
accounts, a representative from the S-6 
Section should participate in formu
lation of the document. 

6. It is recommended that the construc
tion contractor set up an a.rea super
intendent with complete control of both 
manpower and equipment within his 
area rather than have the work in 
an area controlled by the various de
partments such as elecllical, mechani
cal, structural, etc. 

7. It is recommended that the S-6 office 
and vehicles be equipped with three 
radios, one on the Test Director's net, 
one on the A-E's net and one on the 
construction net. 

F. RAD-SAFE ADVISORY GROUP 

The Test Director was responsibile for all 
on-site Rad-Safe. Responsibility for on-site radio
logical s:ifcty support was delegated to the 
Support Director who furnished this support 
through the facilities of the REECO on-~if;J)
Rad-Safe Unit. 

In addition, the Test Director delegated 
the responsibility for radiological safety to the 
various Test Group Directors. Each Test Group 
Director appointed a Rad-Safe Officer, who 
handled all radiological safety problems for his 
group. 
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The Test Direct.or's Rad-Safe Advisor ex
ercised complete supervision for the Test Direct
or on all ¥adiological safety matt.ers. He also 
maintained close liaison with the Support 
Director's Rad-Safe Office and the separate Test 
Group Rad-Safe Officers to insure full rad-safe 
support for all personnel in the Test Director's 
organization. 

EXPOSURE GUIDES AND 
DOSAGE CONTROL 

The total pt:.-missible cxpo,:;ures to partici
pating pcn;onnel were as follows: 

1. Gamma: 3.0 roentgens for any con
secutive 13-week period, with the fur
ther limitation for a caltndar year of 
5.0 roentgens. 

2. Alpha: 10,000 exposure units above 
bad:ground for any consecutive 13-
week period computed by multiplying 
the ave¥age air concentration in the 
area of exposure in d/ m/M1 by the 

--:--._ --:-
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hours of exposure. This was used in all 
cases where personnel were not using 
respiratory protection in an alpha-con
taminated area. 

All personnel were issued film badges and 
charge-a-plates on arrival at NTS. These were 
worn at all times. Film badges were changed on 
a monthly basis starting April 1. In addition, 
film badges were exchanged after each entry into 
a contaminated area (exceptions to this were 
made in the case of continuing access permits). 

REECO Rad-Safe processed all film badges 
and submitted dosage records to the Test Direct
or on a daily and monthly basis. Daily dosage 
re;ports included only those personnel who turned 
in film badges on the previous day. Monthly 
dosage reports contained cumulative dosage in
fom1ation on all personnel in the Test Director's 
organization. In addition, special reports were 
issued on all personnel reaching or excc:eding 
the 2.0 roentgen cumulative dose level. These 
reports were forwarded to Test Group Directors 
by the Test Director's Rad-Safe Adviser. 
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Figure 31:,_ ; f~p\~1 Fallout Patt{!rn - NTS. 
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ENTRY INTO CONTAMINATED AREAS 

Radex or radiological exclusion areas were 
defined as follows: 

1. Full Radex Area-Contamination level 
of 100 mr/hr or higher, or an area where 
the alpha contamination exc£>eded per
missible lev<:ls. 

2. Limited Radex Area- Contamination 
level of 10 mr/hr but less than 100 
mr/hr. 

3. Non-Radex Area-Contamination level 
less than 10 mr/hr and when no alpha 
contamination hazard exists. 

Entry into a full radex area required full 
protective clothing. In addition, a qualified 
monitor accompanied any party entering a full 
radex area. Entry into a limited area required 
such protective clothing and monitoring support 
as was deemed necb.;ary by the REECO Rad
Safe unit. 

Entry of personnel into contaminated areas 
(full and limited radex areas) required access 
permits. The access permit signified that all 
Rad-Safe procedures had been complied with. 
These access permits \\ere issued to party m,)ni
tors or party leaders by the REECO Rad'.Safe 
Unit at the Control Point Building 2 (Rad-Safe 
Building). 

Recovery parties were allowed to enter shot 
areas in accordance with the Test Director's 
Schedule of Events and the curcent radiological 
situation. Actual control of early entry on D-day 
was exerLised by the Test Director's S-3 Section. 

Check points for control of entry into 
contaminated areas were established by the 
REECO Rad-Safe Unit as required. These check 
points wt:.re located so as to provid~ control 
over entry to contaminated areas with a min
im11m of interference to traffic to and from non
radex areas. All vehicles and parties leaving the 
contaminated area were stopped at these check 
points. V1::hicles that were found to be contam
inated above the tolerance limits were directed 
to proceed to a vehicle hot-park, or to the Vehicle 
Decontamination Station for decontamination. 
After clearance by the check point or decontam
ination station, personnel exchanged film badges 
and were monitored at the Rad-Safe Building. 

.. ·• • ... • • • • All main access roads were posted at the 
10 mr/hr and 100 mr/hr points by the REECO 
Rad-Safe Unit. These postings were kept current 
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on a daily basis. Any entry into an area con
taminated in excess of 10 R/hr had to be approv
ed by the Test Director. 

All projects provided their own monitors 
for entry into contaminated areas. However, 
some Test Groups were unable to provide a 
sufficient number of monitors to satisfy their 
needs, in which case REECO Rad-Safe provided 
this service. 

The project monitors were responsible to 
the project party leaders who in tum were re
sponsible for the radiological safety of the re
spective parties. 

MISCELLANEOUS 

All radioactive material brought onto the 
Nevada Test Site, with the exception of SS 
(Source and Special Nuclear) material, was 
registeced by Test Group Rad-Safe Officers with 
the Test Director's Rad-Safe Officer. This in
cluded samples removed from the test area for 
analysis in other parts of the NTS. 

No contaminated material was removed 
from the NTS without the prior approval of the 
Test Director or his Rad-Safe Officer. All such 
materials or equipment removed was monitored, 
packaged, loaded and labeled so as to satisfy 
the requirements of the Interstate Commerce 
Commission l"egulations for transporting radio
active materials. Arrangements for removal of 
such contaminated material from the NTS were 
made by Test Gi-oup personnel with the REECO 
Rad-Safe Unit. Materials excepted from these 
requirl"tncnts were SS materials, scientific sam
ples, instruments and equipment designated by 
the various Test Group Directors. 

COMMENTS 

The above information outlines in general 
the scope of responsibility and plan that was 
followed during Operation Plumbbob. 

For the most part, the Rad-Safe program 
functioned quite smoothly under this plan. How
ever, there were occasions when, no doubt due 
to the lack of operational experience on the part 
of REECO Rad-Safe, and Rad-Safe represent
atives from the various Test Groups, some in
convenience was suffored by several of the Test 
Groups. After the second shot in the series, 
though, the system obviously smoothed out and 
it should be said that the Support Rad-Safe 
organization did in fact support the Test Direct
or's organization in a very creditable fashion. 

G. SAFETY ADVl~ORY GROUP 

In the Plumbbob series of tests two ne~ 
radically different techniques were employed to 
reduce radiation fallout or to contain such con
tamination to the paint where it would RO\~ 

a problem. The use of balloor.s and tunnels gave 
many advantages (see Chapter II) but at the 
same time created a number of safety problems. 
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TI,ere is no built-in sysU:m for releasing 
helium from a balloon should it be considered 
neccs..-.ary., It is possible that the collapse of a 
balkion would be desirable under certain circum
stances, while it is still retained by the cables, 
and of c6'urse, it would be mandatory to have a 
helium release syst.em in the unlikely event that 
the baJloon broke free from the cables with the 
device still attached. 

To have this rekase control an automobile 
fae is bolt{'d to the top of the ba11oon where the 
folds of the nylon shrouds are gathered. The tire 
con~ains a thirty-volt nickel-cadmium battery, 
relays and a baromt:tric switch. Two nichrome 
wires, about ten inches long, are placed bE:tween 
the tire and the nvlon shroud and a.re connect.ed 
to the circuit. The purpose of the wires is to 
burn through the nylon shroud and the poly
ethylene liner to release the helium. The circuit 
is i;o designed that only one wire is heated, the 
Si:.Cund is acth·ated only if the first one breaks. 
To activate this ci.rcuit, while the baJloon is 
still fastrnf:'d to the cables, two buttons on the 
control console must be pushed. To prevent 
the balloon from carrying a device off-site, if it 
should ever break free from the cables and 
control is lost from the console, the barometric 
switch .wc,uld t.ake over and actuate the system 
at an altitude of 2300 feet above terrain. If the 
system should fail entirely the balloon would 
rupture about 5000 feet above terrain. 

The present system is the result of many 
experiments. The first system used only one 
wire until it was found that the wire tended to 
break whtn it was heated and before the many 
folds of nylon and polyethylene were burned 
through. Trials were made using prima-cord and 
blasting caps to blow a hole in the bal1oon. 
Finally the two-wire system was chosen as giving 
the grLatest reliability. The optimum result 
would be a hole in the balloon large enough to 
bring the balloon down in the Ne\'ada Test 
Site and still have the balloon come down slowly 
enough to reduce the chance of a one-point 
detonation. 

The inflation of the balloon and the transfer 
of the cab containing the test device to the 
balloon have been done many times and re::sulted 
in procedures which have reduced the accident 
potential to a minimum. 

• • . ...... The pre-dawn 1500-foot balloon shots create 
a hazard of flash over a wide area which could 
be a hazard to motorists on the public highway. 
To det.£::rmine where these line-of-sight artas 
would cross the highway, a study was made by 
LASL using topographic maps and assumipg ':a 
spot 2500 feet above Area 7 C. This s!u.dy .. ~ 
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continued by REECO and some minor changes 
were made. With the cooperation of local sheriffs 
and the State Highway Patrol roadblocks were 
established to halt vehicles prior to theii- entry 
into a line-of-sight area. From the reports that 
were returned aftE:r every shot, the motorists 
were quite appreciative of the infonnation being 
given to them in the form of a hand-out explain
ing the reason for the roadblock and a copy of 
"Atomic Tests in Nevada." To date no incident 
involving light flash affecting motorists has been 
n:ported. 

Prior to a tunnel shot the hazards en
countered are those normal in the construction 
of any tunnel with the advantage that the rock 
formation m this are::a did not require any shoring 
except at the mouth of the tunnel where loose 
rock and earth are to be found. After a shot, 
however, the problem of re-entry to the access
ible parts of the tunnel involves other hazards. 
There is, of course, the ever present hazard of 
loosened rock in ceilings and side walls. This 
was taken cace of by scaling off all of this 
loose material. A greater hazacd, however, is 
the carbon monoxide formed by the explosion 
which may pocket, possibly to the degree that 
an explosive mixture may be formed. Even before 
this would happen, however, there is danger 
to personnel entering this cacbon monoxide area. 
A careful inspection was made of the tunnel 
surfaces, carbon monoxide readings were taken 
and, when necessary ventilation fans were started 
to clean out the air for the safety of any person
nel who were to work in the tunnel. 

Entry to the tunnel was strictly controlled 
by the Test Director and all parties entering 
the tunnel followed a procedure established for 
the party. De\'iat-ions from this proceduce were 
not permitted. By <:stablishing procedures and 
working slowly and carefully the post-shot tunnel 
was made into a safe working area. No radiation 
problems arose in the Rainier tunnel, but some 
alpha contamination exists in the Saturn tunnel. 
From the success of the Rainier shot it seems 
likely that tunnels for test devices will be used 
more frequrntly. The procedures used for re
entry into the Rainier tunnel have been reviewed 
thoroughly and will be a guide to any personnel 
entering future tunnels. · 

Safety pr0blems of balloons and tunnels are 
emphasizE:d in this report only bfcause · they 
wE::re the unknowns in the Plumbbob !'.eries. Thia 
does not mean that other problems did not exist 
but the other problems were those that were 
common to all previous tests in Nevada. Motor 
vehicle operations are still the largest single 
problem and they are always empha!'ized on any 
Ne\'ada Tt.-st Series. 
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H. CLASSIFICATION ADVISORY GROUP 

The responsibility for daily classification 
during the opC!ration was left with the various 
operating Test Groups under guidance of 
the existing classification guides. The Test 

Director's Office had attached to it a Classi1 ; ,. 
tion Advisor who was available to assist any 
personnel of the Test Director's orgl'nization 
with classification problems. 
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APPENDIX A 

APPENDIX A 

AMPLIFICATION OF SHOT SCHEDULE 

POSTPONEMENT 
CODE NAME FIRED Date Time Reason LABORATORY 
"57" 4/24 Numerous weather and technical delays Sandia Corp. 
Boltzmann 5/28 5/15 5:00 PM technical LASL 

5/16 8 :00 AM weather 
5/17 11:30 PM wtathel' 
5/18 4:30 PM weather 
5/19 11:40 PM weather 
5/20 4:20 PM weather 
5/21 4:30 PM weather 
5/22 11:20 PM weather 
5/23 4:15 PM weather 
5/24 11:00 PM weather 
5/25 4:20 PM weather 
5/26 4:00 PM weather 

Franklin 6/2 5/24 11:00 PM weather LASL 
5/25 4:20 PM weather 
5/26 4:00 PM weather 
5/27 Boltzmann preferred 
5/28 4:30 PM weather 
5/30 3:55 AM weather 
5/30 11 :45 PM weather 
6/1 3:05 AM weather 

Lassen 6/5 6/3 6:15 PM Technical UCRL 
Wilson 6/18 Announced as ready for firing on 6/10 UCRL 

6/10 Technical 
6/11 Technical 
6/12 Technical 
6/13 Balloon weather 
6/14· 11:30 PM weather 
6/15 4:30 PM 

. . :i1 • •• \, · .,.. ' 
B oon weather 

..• , ..•. ,. ....•. ·••·. ·• • 
6/16 4:30 PM Balloon weather 

Priscilla 6/24 Announced as ready for firing on 6/23 LASL/DOD 
6/23 5:55 AM weather 

Diablo 7/15 Announced as ready for firing on 6/27 UCRL 
6/26 7:40 PM Technical 
6/28 4:45 AM Technical (misfire) 
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CODE NAME 

Diablo (continued) 

Coulomb "A" 

Hood 

John 

Kt pler 

P ,, sc·al "A" 

S tokes 

l't.ge 9'!: 

HRED 

7/1 

7/5 

7/25 

I I I '. 

·, I '' 4 

7/26 

8/7 

,,·•· . ., 

POSTPONEMENT 
Date Time R(:fl .. :;on 

Reschedulr-.J for '//11 as of 7/"3 

7/10 d<:'la _. . rt to 7/12 Tuhnical 

7 /11 wt:ather 

?/12 ,•,H ther 

'i/13 10:20 PM .. Pather 

~ , 1·,1, .: nccd as ready for firing on 7/1 

."- :, hllmted as ri :idy for firing on 7/3 

'//3 ;· ,dy :11n 1'ecl1 ,1ical (to 7/5) 

Announced ,:s r,•ady for fi1 ·i11:,; ;jn 7/17 

7/16 9:30 PM l'. -rlmical 

7/18 4:30 AM , ; a fher 

7/19 4:30 PM 1· ~r ther 

7/ 20 4:30 PM \•t:~tlu~r 

' 1:) '.J. 4:15 AM weather 
, • . ,, '1 4:30 PM weather • ,· L ,-.., 

I / . ' I(. pler pref erred 

~ ,, J,, .. c-,d :is rVi3dy for firing on 7/19 

7;18 delayed to 7/22 Technical 

7 / 19 delayed to 7 /23 

7 /22 dela) (•d to 7 /24 

T echnical 

Annou need as ready for fi iing on 7 /26 

Announced as ready for firi11g on 8/5 

8/5 
8/5 

3:15 AM 

4:30 PM 

,•.ea t her 

·,e::tther 

Am,n 1cpd as ready for fir ing un 8/9 

l,,, ,·. :.wt,ced a!- ready for firing on 7/30 

7/29 4:30 PM 'fr-chnical 

7/30 4:30 PM , .. ,,,. ther 

7/31 4:30 PM n,•.., f.her 

8/1 4:30 PM ,, l.ather 

8/2 10:30 PM , . ra ther 

8/3 4:40 PM 1\· , : , ' 11, r 

8/4 10:45 PM .. l :1t~er 

8/5 4:30 PM ,, ,!at her 

8/6 10:00 PM ·,c:ather 

8/8 3:15 AM 1.,•eather 

8/8 4:30 PM ·. (:ather 

8/9 4:30 PM ,c:,thc-r 

LABORATORY 

l J .-...:r, 

U(l{L 

DOD 

LASL 

LASL 
LASL 

llCTlL 

llCRL 
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POSTPONEMENT CODE NAME FIRED Date Time Reason LABORATORY 
Shasta (continued) 8/10 4:45 PM weather 

8/11 4:30 PM weather 
8/13 4:15 AM weather 
8/14 4:25 AM weather 
8/14 4:30 PM weathel' 
8/15 10:30 PM weather 
8/17 4:25 AM weather 
8/17 4:30 PM weather (Put back on at 9:30 PM) Doppler 8/23 Announced as ready for firing on 8/19 

LASL 
8/19 3:20 AM weather 
8/19 4:35 PM weather 
8/20 3:20 PM Technical 
8/21 4:30 PM weather & helium Pascal "B" 8/27 Announced as ready for firing on 8/27 

LASL Smoky 8/31 Announced as ready for firing on 8/28 
UCRL 

8/27 4:45 PM weathel' 
8/28 4:30 PM weather 
8/29 4:50 PM weather 

Franklin Prime 8/30 Announced as ready for firing on 8/16 
LASL 

8/15 4:45 PM Technical - - for 2 weeks 
8/28 weather 

Galileo 9/2 Announced as ready for firing on 9/2 
LASL Coulomb "B" 9/6 Announced as ready for firing on 9/6 
LASL Wheeler 9/6 Announced as ready for firing on 9/6 
UCRL Laplace 9/8 Announced as l'eady for firing on 9/8 
LASL Whitney 9/23 9/11 4:00 PM weather UCRL 

9/12 4:00 PM weather 
9/13 weather 
9/14 5:24 AM Technical 
9/15 4:00 PM weather 
9/16 weather 
9/17 weather 
9/19 weather 
9/20 weather 
9/21 weather 

Fizeau 9/14 9/11 Technical LASL 
9/12 weather 

Newton 9/16 Announced as ready foe firing on 9/16 
LASL 
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CODE NAME 

Rainier 

Charleston 

Morgan 

P09e 96 

FIRED 

9/19 

9/28 

10/7 

POSTPONEMENT 
Date Time Reason 

Announced as ready for firing on 9/19 

9/23 Technical 

9/25 weather 

9/26 weather 

10/3 4:00 PM weather 

10/4 3:45 AM weather 

10/5 1:35 AM weather 

LABORATORY 

UCRL 

UCRL 
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