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CHAPTER 1

HISTORY OF PROJECT A

N. F. Ramsey

1.1 INTRODUCTION
The history of Project A is essentially the history of the com-

bat use of the atom.ic bomb and of the preparation and planning to make
possible this use. Project A was responsible for the unification and
direction of all activities concerned with the use of a m;clear explosion
as a bomb to be delivered to the enemy (as opposed to the experimen-
tal firing of such nuclear explosion on a test site). This assignment
included: responsibility for design and procuremenf of components
required to convert a nuclear explosion intd a combat bomb; coordina-
tion with Air Forces activities, including the modification of suitable
aircraft; supervision of field tests oﬁ bombs without active material;
planning and establishment of the necessary advance base where the
final bombs would be assembled; assembly of active bombs and load-
ing into the aircraft; supervision of all tests and actions pertaining to
the bomb whil_e aboard the air.craft but prior to release, etc. Many
of these responsibilities were shared with othef groups anddivisions
at Project Y (Los Alamos), but the basic responsibility for unifying
all these activities was that of- Project A. 4

Project A, as such, was not established until March, 1945,
‘However, the actiﬁties that later became the responsibility of Project

A were initiated long before this time in a different organizational
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form but with many of tixe same men in responsible positions. During
the earlier period, most of what were later defined as Project A prob-
lems were known as delivery problems, ; e., problems concerned
with the successful delivery of an atomic bomb against the enemy. For
this reason, a history of Project A should begin with a history of the

delivery program at Project Y prior to establishment of Project A.

1.2 HISTORY OF DELIVERY PROGRAM PRIOR TO
"ESTABLISHMENT OF PROJECT A

Prior to the establishment of Project A, the delivery program
was primarily the responsibility of Captain W. S. Parsons, U.S. Navy,
who headed the Ordnance Division at Project Y, and N. F. Ramsey \;vho
was in charge of the Delivery Group. These resfonsibilities were, |
however, completely shared with Commander Francis A. Birch who
headed the Gun Group, K. T. Bainbridge who, until the establishment
of Pfoject A, was responsible for the design of the implosion model,

R. B. Brode who was in charge of the Fuzing Group, and George W.
Galloway who headed the Engineering Group. ,

The first major activities of any kind conc_erngd with the deliver;'
program began in June, 1943 when Ramsey, at Parsons' ;'equest.
surveyed the Air Forces aircraft to determine approximate sizes,

. shapes and weights of bombs that could be carried in such aircraft.

oY,

W\

r:s—a’;esult of this survey, it was apparent that the

B-29 was the only United States aircraft in which such a bomb could
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be conveniently carried internally, and even this plane would require
considerable modification so that the bomb could extend into both the"
: : froht and rear bomb bays by being ::lose under the main wing spar.
Except for the British Lancaster, all other aircraft would require
such a bomb to be. carried externally unless the aircraft were very
drastically rebuilt.
On August 13, 1943, the first drop tests of a prototype atomic

bomb were made at the Dahlgren Naval Proving Ground to determine

stability in flight. These tests were on a 14/23 scale model of a bomb

"'i.ha_pe which was then thought probably suitable for a gun assembly.
"_sentially, the model consisted of a long length of 14-inch pipe

welded into the middle of a split standard 500-pound bomb was

officially known at Dahlgren as the "Sewer Pipe Bomb" or security
reasons, Ramsey, who was in charge of these tests, presented him-

'  selfas a representative of Section T, NDRC, and much of the con-
struction work on the model was conducted at the Applied Physics
Laboratory, Silver Spring, Maryland. The first test at Dahlgren §vas
an ominous and spectacular failure. The bomb fell in a flat spin such
ais' had rarely been seen before. However, an increase in fin area
and a forward movement of the center of gravity provided stability in
subsequent tests.

In the months following August, further tests of 14/23 scale
models of current and ever-changing gun models were made at Dahl-
gren. The modifications resulting f rom these tests were, in turn, in-
corporated into the design. Also during this time, preliminary models

of a proximity fuze, which were constructed at the University of

Michigan at Brode's request, became available. These were exten-
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sively tested at Dahlgren beginning on December 3, 1943.

In September, 1943, the fast—implésion model was proposed
by John Von Neumann as an alternative to the slow implosion. As
it became clear that this model was a promising one, preliminary

planning for converting it into a bomb was begun. A preliminary

e e e e

estimate of 59 inches diameter and 9000-pound weight was made by
Von Neumann and Ramsey, and on this basis the Bureau of Stan-
dards bomb group was asked to design suifable fairing and stabilizing
fins for such a bomb. .
In the Fall of 1943 it became apparent that plans for full-scale
tests should be started. In view of the critical shortage of B-29's
it was first proposed that a British Lé.ncaster be used for the test
work, even though a B-29 would almost certainly be used as the com-
bat ship. The Air Force, however, wisely recommended that a B-29
be used for thé test work as well, both to avoid non-standard main-
tenance and to accumulate experience in B;29 operations with such
a bomb. In order that the aircraft modifications could begin, Parsons
and Ramsey selected two external shapes and weights as representa-
tive of the current plans at Site Y (Project.Y). One of these was 204
inches long with a maximum diameter of 23 inches and was a model
for the current gun assembly. The other was 11l inches long and 59
inches in diameter, corresponding to a fast-implosion assembly. For
security reasons, these were called by the Air Force representatives
" the "Thin Man'' and "Fat Man'", respectively; the Air Force officers
tried to make their phone conversations sound as though they were

modifying a plane to carry Roosevelt (the Thin Man) and Churchill

"—*?U X
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(the Fat Man). Models to these dimensions were ordered from Detroit.
Modification of the first B-29 officially began November 29, 1943.
Colonel R. C. Wilson was Army Aifr Forces Project Officer for all
aspects of the program, Colonel D. L. Putt at Wright Field was in
charge of the division under whose supervision the rh'odiﬁcation was
done, and Captain R. L. Roark was Project Officér in charge of modi-
fication. ‘

Tests with the modified aircraft and full-scale dummy bombs
were begun at Muroc, California on March 3, 1944. Brode's fuzing
group, Bainbridge's instrumentation group, and the delivery group
participated in these tests. Coordination of the activities of the dif-
ferent groups in these and subsequent field tests was a responsibility
of Ramsey's delivery group. The purpose of the tests was to check
the suitability of the fuzing equipment, the stability and ballistic
characteristics of the bomb;, the facilities then available for field
work, and the sﬁitability of the aircraft to carry and drop the bombs.
After four weeks of delay, due to torrential rain on the Mojave Desert
and aircraft troubles, a series of tests was completed. The negative
results of most of these tests thoroughly justified preliminary tests at
such an early date. The fuzes proved to be unreliable and, on the
basis of these results, an investigation of the possibility of adapting an
AFS-13 fighter tail-warning radar to this use was begun. The Thin
Man proved to be very stable in its flight, but the Fat Man -- with a
tail that the Bureau of Standards bomb group thought would be extreme- )
ly stable --, proved to wobble badly with its axis departing 20° from
the line of flight. Although the B-29 release mechanism worked satis-
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factorily for the Fat Man, it failed completely for the Thin Man., Four
of the units were bad hang-ups with delays up to 10 seconds, and the
final drop was 20 minutes premature while the plane was still climbing -
to altitude. The bomb in this case fell onto the bomb-bay door which

was badly damaged, when the door had to be opened to jetti.soh the

bomb. With this accident, the first Muroc tests were brought to an

abrupt and spectacular end.

Between the end of the first tests and June 1944, all groups

worked to correct the faults demonstrated in the first tests.{ ‘

b3) .
lDetailed designihg of this shorter model was begun
'during this period under the supervision of E. M. McMillan and
F. A. Birch. Because of the contrast in dimensions with the Thin
Man, this'model finally a’c_g__qi_r,ei‘t'l}e appropriate name of Little Boy.
At the same time the detailed designing of the 1222 form of Fat Man
assembly was begun. !—, pOE
b(3)

Tests af lVAIVur’oc were resumed in June, 1944. These tests con-

firmed previous results in that the first form of fuze being developed -
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_ internal 45° baffle plates welded into the inside of the shroud as a

at Michigan was not SAtisfactory. The first two APS-13's became
available to Project Y during the test, and two haywire drop tests
(genuine baling wire was actually used) were made with a field adap-
tation of this equipment to fuzing. The earlier of these provided the
first completely satisfactory fuzing test; and, although the second
failed, it was probable that the failure was in some of the hastily
prepared auxiliary equipment. The Fat Man, its tail assembly modi-

fied from the original circular shroud to a square shroud 59 inches on
Adm Bshao

a side, still proved unstable. As a desperate last resort, Captain :
Saps dhyoe

David Semple, Project Bombardier, suggested a drop be made wiﬂx was  Preto
Su ﬂ-‘.q'o:n .
795

7/1//7_{
field modification. To everyone's surprise, this modification was

successful, the bomb being completely stable in its flight and the
ballistic coefficient being improved rather than decreased as antici-
pated. No release failures were experienced in the tests.

From the end of these tests untii‘ October, 1944 when similar
field tests were resumed, a strenuous program of design and pro-
curement was under way at Site Y to obtain units that could be used

as components of an actual atomic bomb rather than units that were

‘merely ballistic models. Three basically different models were

on hand at this time. One was the Little Boy model of the U235 gun

assembly, another was the 1222 Fat Man model of implosion assembly,
and the third was a model which evolved into the finally adopted 1561
Fat Man implosion assembly. The latter arose from a redesign for
the purposes of simplifying the assembly problem (the assembly of

1222 required the insertion of more than 1500 bolts) and of improving
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the flight characteristics (by using an ellipsoidal shape for the outer
armor). The model finally adopted comprised an inner spherical
shell, consisting of two polar caps and a segmented central zone )
which could be bolted together; this was surrounded by an ellipsoidal
armor to which a stabilizing tail, including the necessary drag plates,
was attached. The auxiliary fuzing and electrical detonating equip-
ment were mounted in the space between the inner sphere and the
outer ellipsoid. _
In August of 1943, Colonel R. C. Wilson and Colonel M. C.
Demler visitgd Site Y and recommended that the Air Forces begin
immediate training of a combat unit for the delivery of the atomic
bomb. It was agreed, therefore, that Site Y (by September 1, 1944)
should freeze the external shapes of the three models and other re- .
quirements aff ecting aircraft, so that modification of a production
‘lot of fifteen B-29's could be started. These aircraft were modified : i
at the Martin-Nebraska Plant at Omaha, and the first aircraft became |
available in October, 1944. Sheldon H. Dike and Milo M. Bolstad were
the Project Y representatives during these and subsequent modifica-
tions. The special modifications for carrying and releasing the bomb
were designed to incorporate the British F and G release mechanism
currently used for the British 12, 000-pound bomb. This mechanism
required only a single lug on the bomb. At this time, Wendover Army
Air Base, Wendover, Utah was designated as the center at which train-
ing of the new Atomic Bomb Group would be undertaken and at which
future field tests would be held. The Second Air Force under General
Uzel G. Ent, and later under General Robert B. Williams, was desig- -

nated as the parent organization of this group. Colonel Paul W. Tibbets
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was designated commanding officer of the combat group (509 Com-
posite Group), and Cai:taip Charles Begg was in command of the First
Ordnance Squadron, Special. Colonel Clifford J. Heflin was cdm- ‘
manding officer at Wendover, M.ajor C. S. Shields was in charge of
the light Test Section, and Captain Henry Roerkohl was in charge of
the Ordnance Test Unit. o |

The first tests at ‘Wendover. in chober‘,; 1944, inaugurated a
period of tests first intermittently, then monthly, and finally almost
continuously, which continued until August, _1945. Initially, the only
groups concerned were the Fuzing Group under Brode and Doll, and -
the Delivery Group led by Ramsey. Subsequently, however, other
groups participated in the Wendover tests: the Gun Group headed by
Birch, the High Explosives Assembly Group headed originally by
Bainbridge and latér by Bradbury and Warner, the Electrical Deto-
nator Group headed by Fussell, and the Ballistic Group under M. M.
Shapiro.. At the end of November, 1944, Commander F. L. Ashworth
joined the Project and rel_iéved Ramsey of the responsibility of direct
supervision of the field operations, since, by then, important parts
of the Delivery Program had, of necessity, to be under way con-
currently at Wendover and Site Y. In these, tests units approaching
more and more closely the final model were tested for ballistics in-
formation, for electrical fuzing information, for flight tests of elec-
trical detonators, fdr test of the aircraft release mechanism, for vi-
bration information, for assembly experience, for temperature tests,
etc. In addition, a number of additional test drops were made at

Inyokern, between February 20, 1945 and August, 1945 under the super-

13 1Y)
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vision of Charles C. and Thomas Lauritsen, William Fowler, and
Commander Hayward, U.S.N. )

From October, 1944 until the formal establishment of Project
A, the main activities in the Delivery Program were a continuation of
development, design, production, and test of bombs,. approaching more
and more closely the final model. During this period, the 1222 model
was definitely abandoned in favor of the 1561 model of the Fat Man.
Due to poor flying qualities of the first batch of B-29's and to certain
weaknesses in the special project modifications, a new batch of fif-
teen aircraft was obtained in March aﬁd April of 1945. These air-
craft, | with fuel-injector engines, electrically controlled propellers,’
very rugged provisions for carrying the bomb, and no armament ex-
cept the tail turret, proved to be extremely satisfactory. Colonel R.
C. Doubleday was Army Air Forces Project Officer at the time of
this last modification. In addition to the Wendover tests during this
period, numerous physics and engineering tests on complete units
were made at V-Site (Los Alamos) initially under the direction of the
Delivery Group and of Bernard Waldman and, later (after the forma-
tion of Project A), under N. E. Bradbury and Roger S. Warner, Jr.

Considerable planning for the establishment of an overseas operating

base was done during this period.

1.3 HISTORY OF PROJECT A AT SITE Y

Project A was formally established in March, 1945. Incor-
porating many groups also assigned to other divisions, its purpose
was to unify the activities of those groups concerned with the prepa-

ration and delivery of a combat bomb. Captain W. S. Parsons was

UNCLASSIFIED
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Officer in Charge of Project A, N. F. Ramsey was his deputy for
scientific and technical matters, Commander F. L. Ashworth was
operations officer and military alternate for Captain Parsons,
Commander Norris E. Bradbury and Roger S. Warner, Jr. were in
charge of Fat Man Alssembly, Commander Francis A. Birch was in
charge of Little Boy Assembly, R. B. Brode was.in charge of fuzing,
L. Fussell, Jr. was in charge of the electrical detonator system,
Phillip Morrison and Marshall G. Holloway were in charge of the pit
(active material and tamper), Luis W. Alvarez and Bernard Waldman
were in charge of airborne observations of the combat explosions,
George W. Galloway was in charge of engineering, Lt. Col. R. W,
Lockridge was in charge of supply, Maurice M. Shépiro was in charge
of ballistics and Sheldon H. Dike waé, in charge of aircraft problems.
In addition the following persons were consultants to Project A:
William G. Penney on damage problems, H. A. Bethe on general
theory, and L. H. Hempelmann on radiological problems. In July,
when other personnel moved to Tinian, Sam J. Simmons and Lt.
Commander T. J. Walker assumed the responsibility for the Wend-
over tests. The technical policy committee responsible for initiating
- technical actions for Project A by means of recommendations to
Captain Parsons, was the Weapons Committee, consisting of N. F.
Ramsey (chairman), Commander Norris E. Bradbury (Chairman
after Ransey's departure), Roger S. Warner, Jr., Commander F.
Birch, R. B. Brode, L. Fussell and Phillip Morrison.

Project A at Site Y and Wendover was concerned chiefly with

three matters:

b




(1) The completion of design, procurement and pre-
liminary assembly ofﬂunits that would be complete .
in every way for use with active material.
(2) Continuation of the Wendover test program to con-
firm, insofar as possible without using active
material, the adequacy in flight of the components

and assembled units.

(3) Preparation for overseas operations‘against the
enemy.

In view of the shortness of the available time, the major de-
signs were necessarily used with as few alterations as possible. The
chief design activities during this period were the numerous and ur-
gent ones of supplying the many details necessary for successful

— -

operation and of rectifying faults that became apparent in tests. :

Do D
b(2)
e
This was also the period of maximum test activity at Wend-

over. The unfortunate failure of the Raytheén Company to meet its

delivery schedule on X-Units (electrical detonators) added markedly

to the difficulty of the test program. This failure reduced the number

of tests that were possible on the X-units, prevented efficient testing

(since many tests had to be repeated twice, one at an early date with -

all components except an X-unit and once at a critically late date
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with an X-unit), and greatly complicated the scheduliné of tests since
there was at no time a backlog of X-units. The tightness of schedule
resulting from this is best illustrated by the fact that it was not until
the end of July that sufficient X-units had been tested to confirm their
safety with HE; the first HE-filled Fat Man with an X-unit was tested
at Wendover on August 4, 1945; the next HE-filled Fat Man with an

X -unit was tested at Tinian on August 8, 1945; and the first complete
Fat Man with active material was dropped on Nagésaki on August 9,
1945. Despite these difficulties, however, a total of 155 test units
was dropped at Wendover or the Salton Sea between October and the
middle of August 1945. Much information gathered in these tests were
incorporated into the design of the bombs. -

Planning for overseas operations was one of the principal ac-
tivities of Project'A during this period. Initial planning and procure-
ment of some kits of tools, etc., began in December, with these ac-
tivities continuing at an accelerated rate through July. In February
of 1945 Commander F. L. Ashworth was sent to Tinian to make a
'preliminary survey of the location and to select a site for our activi-
ties. By March, the construction needs for the Tinian Base were ,
frozen as follows: four air-conditioned 20' x 48' steel rib buildings of
the type normally used in th’e Navy for bomb-sight repair (two for the
fuzing team, one for the electrical-detonator team, and one for joint
use by the pit tearn and observation team), three air-conditioned 20!

x 70' assembly buildings for which the materials were accurmnulated at
Inyokern, five 40' x 100' steel arch rib warehouse buildings, one build-

ing of the same type house as a modification shop, three 10' x 10' x 5!

b
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magazines, seven 20' x 50' x 10' magazines, and two special loading
pits equipped with hydraulic lifts for loading bombs into the airt;raft-
A third such pit was constructed at Iwo Jima for possible emergency
use. Materials for equipping the buildings and for handling heavy
equipment in assembly, tools, scientific instruments, .and general
supplies, were all included in special kits prepared by the different
groups. A kit for a central stock room was also started, but the ma-
terials were not shipped by August 4, 1945 (at which time further ship-
ments to Tinian were stopped by the end of the war). Construction of
the Tinian base began in April under the supervision of Colonel E. E.
Kirkpatrick.

" Beginning in May, so-called "batches" of kit materials and of
components for test and combat units were transported by ship to
Tinian. A total of five batch shipments were made. In addition, a
number of air shipments in five C-54 aircraft attached to the 509th
Group was made for critically needed items. The availability of these
C-54's for emergency shipments contributed greatly to the ability of

Project A to meet its schedules in combat use of the atomic bomb.
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CHAPTER 2

DESIGN AND ASSEMBLY OF PIT FOR MODEL 1561 FAT

MAN *

~ M. G. Holloway and R. E. Schreiber
2.1 THE PIT

This chapter describes the design and assembly of the Pit, the

respon-sibilﬂ_:y for which was primarily assigned to the G-Engineer

Group.

—

The general arrangement and appearance of these paf

. in Figure 1.

T T e

ts is shown

* This Chapter was previously issued as LA 619(1946)
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givs_x_l in Section 2.2 of this Chapter.
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MHES?S_ were very cooperative in fabricating

parts; in particular, recognition should go to R. Vergoth and Walter
Arnold|for their work in fabricating the Tu tarhper. béredit should be
given to Taylor Finlayson, not only for setting up the radiography y
but also for his careful work in the radiography Eall the Tu tampelq ’

‘The assembly of the pit, for insertion into the HE at V-Site, was
done in the old Ice House (T-28) by .. B. Thompson, R. W. Thomp-
son, T/4 Stanley Hanna, T/3 Herbert M. Lehr, and M. G. Holloway.
The pit was delivered to V-Site by L. B. _ Thompson and R. W. Thomp- _
son, who personally inserted the aluminum screw that fills the threaded ’
hole provided for the eye bolt. Figure 3 shows a pit assembled, ready

for insertion into the HE.
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The Trinity Pit, (or Pit No. 1) was made up of the components

-

listed in the standard form.

DoE
b(3)

’It was necessary to use shavings as samples,

since one hemisphere was completely finished on its delivery to Los
Alamos. While positive identification of the alloy could not be made
from shavings, it was possible to compare the two samples with fair

certainty,

2.2 MECHANICAL AND NUCLEAR TEST OF THE 49 AND

INITIATOR BEFORE INSERTION INTO THE HE

In advance of the Trinity operation, it was necessary to make
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measurements to insure that the 49 and initiators met thg specifications
laid down by the Cowpuncher Committee.ﬂ' These specifications con-
cerned the fraction of a critical mAass that was to be used and neutron
backgrounds. There was the additional requirement that it be pos-
sible to load the 49 into the HE assembly without having the core be-

come supercritical.

pec
5(3)

"Such a sphere was made and was tested at Omega for fraction of | »
critical mass and for safety by Slotin and collaborators. Slotin had -
for this test the pit to be used at Trinity and a mock HE assemblv for
surrounding the pit.

DoE
bL3)

The field measurements are all relative to-sirfiiar measurements
made at Site Y. The general philosophy was that of measuring with a
‘definite method and equipment at Site Y and repeating those measure-
ments at Trinity. A set of eight Ra~Be sources was purchased and
carefully intercalibrated. These sources eliminated to a great extent
the effects of any possible differences in sensitivities of detectors.

Descriptions of the various types of counting are given in the

"Manual of Field-Check Counting', to be found in LA-619. C. P. Baker,

»  UNCLASSIFIED
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R. E. Schreiber, P. Morrison and B. McDaniel, with the help of R.
Wilkinson of G-10, did experiments leading to the setting up c;f the
field-check procedures described in the Manual.

Considerable concern had been expressed about the possible changes
that might take place in the 49 and initiator betw;:en the time of loading
into the HE and the time of the shot. (This interval was about two and
a half days.) It was thought that a measurement of the neutron flux

in the HE might give some hint of, at least, gross changes in the core.
o = pé E

(b0

The
activity ot the manganese wire was a measure of the neutron activity of
the core. Slotin and Morrison made measurements in the mock HE
assembly at Omega which indicated that this method would give reason-
able counting rate.

It was also necessary to get some facilities set up at Trinity for
those operations that the G—Engiﬁeers would have to conduct there.
Holloway and T/3 Lehr therefore made a survey trip to Trinity a;'xd
placed construction orders with the various organizations concerned.

Some time before the Test Shot, the G-Engineers (including person-
nel who would be absent from the Test Shot because of their departure
for Destination) carried out their part of a dry run. This precaution
was extremely useful in that it pointed out flaws in the method and
equipment and helped tremendously in the coordination with other
parts of the Test Shot Organization, particularly with the HE groups.

The 49 sphere and the three initiators for the '"hot" run arrived at

L4
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Trinity about 1800, 12 July, 1945, accompanied by Slotin and Morrison
in the company of security guards under the command of Lt. Richard-
son. The active material was taken to McDonald's Ranch House, lo-
cated about two miles from the tower (see Figures 4 and 5).

In the evening, the 49 and initiator éarrying case was opened and
the various components tested for surface contamination. No conta-
mination .was found. Preliminary neutren counts were made on the 49
he misphere and on the initiators to see if any changes had occurred
during the trip. Nothing startling was found.

According to Bradbury's schedule, the pit was to be loaded with
49 and initiator the afternoon of 13 July. Consequently, the final
measurements and checks began on the morning of 13 July. The re-
sults of these are shown in the check list and forms G-1 and G-2 of
the Manual of Field-Check Counting (see LA-619). Everything appeared

to be satisfactory. The counting operations were carried out by

Morrison, Schreiber_and Daghlian.

—_— —~—

following are taken from notes made at the time of the above opera-

tion:
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The mechanical tests consisted of measuring the dimensions of the
initiator and the 49 hemisphere to see if they could be assembled into

the pit. In addition, inspection of the coatings for mechanical faults

were made.

The results of the mechanical inspection were recorded on Form
G-1 and G-2, where the results of nuclear tests were also recorded.

Some of these tests were done at Site Y and some at Trinity.
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Figure 4

Showing McDonald's ranch house

at Trinity Test Shot, July, 1945,
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Figure 5

Showing arrival of 49 sphere and

three initiators at McDonald's ranch house,

12 July 1945.
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The field-check counting procedures are given in the ""Manual of
Field-Check Counting', (see LA-619). A general outline of the opera-
tion carried out at McDonald's ranch house, which was the pit-assembly
building at Trinity, is given in the check list. The e;.luipment and sup-
plies needed for the insertion of the active material is given in the 'List
of Equipment fof insertion of Pit Plug at HE Building", and the opera-
tions in the HE building (which, at Trinity, was the tent at the base of
the tower) are given in the ""Manual" and '"Check List" for the HE
building.

The organization of the G-Engineers group at Trinity is given in
the "Assignment of Responsibilities for First Trinity Shot". This or-
ganization sheet not only fitted the work to the most recent activities "
of the personnel, but made clear the duties of every person.

2.3 INSERTION OF THE 49-INITIATOR ASSEMBLY INTO

THE HE ENCLOSED PIT HE ASSEMBLY BUILDING

| The operations were some-
what elaborate since this was the first time that the active matérial
had been inserted into a sphere of HE. While it was felt that the HE
mock-up made by Slotin was good, it was believed wise to use some
caution in the asserbly operation with HE. Several neutron counters
were therefore set up beside the HE sphere to ensure that any unfore-
seen large rise in neutron emission would be noted. . .
One of these neutron monit.ors was a standard Chicago-type coun-

ter and chassis employing an enriched (82 per cent) B10 counter. The N
.  UNCLASSIFIED
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counter proper was enclosed in a shell of paraffin about one inch
thick to increase the sensitivity of the counter. The other monitor
was a McDaniel portable neutron counter which also used an en-

riched B10 counter encased in paraffin. This latter type of monitor

poE
b(3)

proved to be quite useful.

L.

As mentioned previously, it was also necessary to insert the
hy'pod'ermic tubing in a crack in the HE so that any changes in neutron
emission during the period between the closing of the HE and the
final firing could be detected.

The following is a running account of the activities of the G-Engi-
neer Group at the tower, Figures 9 to 24, inclusive, illustrate the
various opr.rations.

The plug was brought into the tent at 1518, 13 July 1945, The
plug had risen in temperature from 39°C to 46. 5°C during the two-

- mile ride from McDonald's to the tower and in the short wait out-
side the tent,

At the time the G-Engineer group entered the tent, the modi-
fied polar cap was'being placed over the exposed HE. (This modi-
fied polar cap was an ordinary polar cap that had a large hole cut.
out of the top. The cap prevented injury to the HE by persons
working on the loading of the pit.) Next, the Explosives Group placed

43
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Figure 9
Showing an active-rﬁaterial carrying case
almost assembled. The opened cylindrical -
‘cavity is for an initiator case. The round ‘ e

dial on top is a thermometer,

o
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Figure 10

:
!

Showing a disassembled active-material’ ,-
i

carrying case. The spherical cavity isi

for the 49 sphere. %
.‘ %M
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Figure 1l
Showing the '"oil-can geometry"

and the 220 geometry.
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Figure 12
Showing the 220 polythene geometry
and amplifier. A "25'" fission counter

tube is in the polythehe block.
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Figure 13
Showing a 220 amplifier connected to a G-M
counter. The cylindrical lead shield is a so-
called "Columbia shield'. The lead '""counting
plate'' is on top of the lead shield and one of the

standard sources is being counted.
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Figure 14
Showing a McDaniel portable neutron counter.
The material enclosing the counter tube at

the right is 1''-thick polythene.
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Figure 18

Showing the modified polar cap in place.
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Figure 19
Showing the insertion of the "funnel'. With
the exception of about one-half inch at the
bottom of the cavity, all of the HE was at this
time covered with metal so that it was protected

during the operations of the G-Engineer Group.
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Figure 20
Showing the G-Engineer Group cleaning the
interior of the HE cavity and the surface of

the pit.
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Figure 23
Showing Commander Bradbury taping the hypo-
dermic tubing in place just before the two HE

charges were placed in the cavity.

L




e

the "funnel" in placex

IThe grounding cables

were te sted with a Simpson meter. ' -
bz
An attempt was made to
remove the screw with the usual large strewdriver. However, the
screw was so tight that it was necessary to use a large beryllium bronze
wrecking bar (courtesy Commander Bradbury) to remove it.“{‘ Dok
bl
_/An inspection 01 tne -
opened up pit showed no burrs, damage or misalignment.
| poF
Vl-ﬁ—ml—\;lzanwhile, the Chicago neutron counter in its paraffin sheath b [37
was taped to the top of the modified Canton crane and connected to
the counter chassis, Power was turned on the monitors, and both
were tested by bringing the Hansen mock~fission neutron source near
them. The source was then taped on a side of the HE assembly away
from the monitors. ok
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Figure 24

Showing one step in the insertion of the
two HE charges. The weight of the chai'ge
is supported by a vacuum cup attached to

the Canton crane.
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s i Several counts: of neutron activity were made as
e ‘ —

it was lowered.

!

At this time a thunderstorm was approaching and the weather pre-

diction was for a bad storm. The tent began to flap so badly that at

1624 hours the G-Engineers left the tower base, and went to McDonald's

1 3]
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ranch house. The weather soon cleared and the group returned to

the tower at 1701 hours,

Dog
bra)

(The tube was taped at the top, middle and bottom, with the

crimped end in contact with the pit.) A piece of piano wire was in-

- serted into the hypodermic so that a chance blow would not crush it.

Dob -

, ' , . b(3)
All handling of HE was done by the Explosives Group under the
direction of Bradbury and Warner. ‘ Ehe inner charge was picked up

A
by means of a vacuum cup ‘hooked to the Canton crane.j The hose between

the vacuum cup and the Mega vac pump was not vacuum hose and was
so flattened by the external atmospheric pressure that the G -Engineers
beld their collective breaths, As a safety‘measu're, glass cloth webbing

was tied around the charge and over the crane hook so that, if the

vacuum cup failed, the HE charge could not fall,

SN

The Chicago neutron-

counter tube had been removed from the top of ihe Canton crane and placed

at the side of the HE assembly.‘
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The lens charge was lowered into position in the same manner
as the inner charge, and produced no observable change in the count-

ing rat e] 1

The mock=-fission source was then removed.

lm. B J With the

——
paraffin sheath removed, the counting rate was so low that no good

measure could be made of it in the time available. The time was then
1745 hours.

The Explosives Group removed the modified polar cap and re-
placed it with the standard polar cap. After the cap was bolted down,
the piano wire was removed from the hypodermic (which now protru-
ded through a small hole in the polar cap). At 1807 hours, a manga-
nese alloy wire was inserted into the hypoaermic. The work of the
G-Engineers Group was now almost finished.

Five manganese activations were made before the shot. The last
any member of the G-Engineers Group saw of the gadget was at 1626,
15 July 1945, when the final activated manganese wire was removed
from the gadget on top of the tower.

On 14 July, the G-Engineer Group packed their equipment at
McDonald's ranch and loaded it into a truck for removal to the base

camp.
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CHAPTER 3

MECHANICAL DESIGN OF MODEL 1561 FAT MAN

A. H. Machen

3.1 INTRODUCTION

This Chapter is concerned with the design of the case, the
equipment supports, the lugs, and other external parts of the 1561
model Fat Man. The design of the pit containing the active material
for Ithis bomb is discussed in the preceding chapter of this Volume;
and the design of the high-explosive components is discussed in
Volume XI of the Los Alamos Technical Series.

Figure 1 is an artist's drawing of an early form of the Fat Man
model. From that Figure, it can be seen that the model consisted
essentially of a large sphere containing the explosives and active
material, mounting provisions for auxiliary electronic equipment, an
outer armor steel cover, lift lug, and a stabilizing tail assembly. '
This Chapter will discuss these components of the assembly. A
collection of the mechanical drawings of the final form of the 1561
model Fat Man that was used in. combat may be found in LA-392.

3.2 DESIGN OF THE SPHERE
Design of the sphere was started with the following specifications:

(1)

(2) A size within the limits of the bomb bay of a B-29

L34
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airplane with a fall angle of five degrees;
(3) Provision of detonation holes for more than one
detonation paftern.
The first model was the 1222 (Figure 2). Its spherical case was di-
vided by great circles into twelve equal pentagons bolted together by
edge flanges; machining these pentagons to a close enbugh tolerance
to permit bolting-up into a complete sphere turned out to be highly

impractical. DOE
b(3)

This model was further complicatéd by a steel case consisting of twenty
triangles secured to the sphere by some eleven hundred bolts screwed

into holes radially drilled and tapped into the flanges of the pentagon.

A steel lift-lug pad, designed to distribute the lug load out into the

spherical case, was provided and secured to the sphere at.the apex

of the top five pentagons. ' - Do€E

i 5(3)

A complete departure from the 1222 pentagon structure was
made in the 1291 model (Figure 3) using the same polar cap and belt-
band design that was used in the final model.’ ~The 1291 model consisted
of three spherical zone segme‘n'ts bolted together by 18 bolts screwing
into tapped flanges to form a belt section of the sphere. The sphere
was completed by two polar caps bolted to the tapped flanges of the
. belt section. | J}O =4

b
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'l
" Redesign of the 1291 brought forth the 1560 (Figure 4). The

1560 belt section was made up of five spherical segments. Instead of
being tapped, the flanges were drilled through for the use of steel

aircraft bolts with elastic stop nuts.

Assembly was made with the polar caps top
and bottom which, after assembly was completed, necessitated rota-
ting the sphere through ninety degrees to place the lift-lug on top. For
this purpose, pads were cast into the belt segments to which trunnions

could be bolted (Figure 4).

TAt this time, some thought was being given
toa methmmlding the detonator in the holes, insuring they would
bottom solidly on the charge and still permit some shifting of the ex-
plosives without damaging them. Several types of retainers were de-
signed and made, includiﬂg spring-loaded cups that covered the hole,

with a spring bearing on the .detonator.;

—1

~— " .
Basic sphere desm frozen with the 1561 model, and

subsequent work dealt with refinements and changes to facilitate

mounting of ever-changing instrumentation. Retainer cups were
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staked into holes drilled in the case for fast, easy mounting of the

110 wire harness clips necessary to hold the coaxial detonator cables

-

- (Figure 5).
3.3 MOUNTING OF ELECTRONIC INSTRUMENTS

'i‘he mounting of the instruments in the early stages of 1222
design presented few problems. Eor example, the firing circuit was
a small box weighing a few pounds,. whereas the final unit was a cast
dural tub, weighing about 300 pounds. All of the instruments of this
first unit were supported on a single tubular mount attached to the aft
side of the sphere (Figure 6), and it was not until after the start of
the 1560 model that any of the instruments were placed forward of the
sphere. By this time, all the space within the ellipsoidal covers,
fore and aft, was occupied by firing and fuzing circuits. The tubular
mounting brackets were used fore and aft on the 1222, but discardeld;
on the 1560. A dural cone was designed that would tie into the polar
cap bolts, supporting the 300-pound firing circuit box in {front and a
panel of fuzing instruments aft without dang‘.er of vibration. j:Fast,
accurate assembly was kept in mind throughout this design; although
the bomb could be a hand-tailored job in most respects, kspeed was
very important in the assembly of the hot model.

A mounting plate was provided for the firing-circuit charging
equipment. This plate, mounted ‘in the nose of the front ellipsoid,
was accessible through the removable nose plate, and provided a
means of battery installation after assembly of the bomb (Figure 7).
All instrument plates required constant attention, since changes and

rearranging of parts made new layouts necessary to check clearances
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and hole locations. -

3.4 OUTER COVERS

From an assembly standpoint, early design of the outer bomb
case ans as impractical as was the sphere. The original case was
composed of 18 steel triangles, formed to a spheriucal radius, and these
were attached to the sphere by Allen head bolts tapped into the penta-
gon flangesﬁ mating of 1100 attaching holes by any means other than

line -drilling on assembly could not be done. Thus, there was no

possibility of prefabricating parts. A cone supporting the tail and
housing the instruments was made from five rolled segments of half-
inch aluminum plate butt-jointed and spliced with splicing strips on

the inside (Figure 8). Several methods of attachment of the cone to

the sphere were tried, the first being radial drilling at the point of
tangency and tapping of the sphere; this, again, was not a production
method, and was discarded in favor of a splice plate. The dural cone
was used only on the 1222; with the design of the 1291, work was started
on steel ellipsoid covers. Attachment of the two ellipsoids to the sphere
was considered the major problem; it was decided to eliminate all
mating problems by making the attachment a tension union. ALugs

were cast into the belt segments of the sphere and, in this manner
tension bolts could be bolted through bathtub fittings (welded to the
ellipsoid) and through the lugs, thus tying the sphere and the two el-
lipsoids together (Figure 9). The first ellipsods .were of mild steel.
However, it was stated in the specification that the.cases for the final
bomb were to be of homogeneous armor. These ellipsoids were hot- o

formed in four sections and arc-welded together. This method of
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manufacture was satisfactory for mild steel, but the heat-treating of
the homogeneous armor warped the cases to the extent that assembly
was impossible. It was only toward the end of the program that it was
possible to get reformed armor cases that could be assembled. - No
material change was eve‘r made in the design of the ellipsoids, the
only changes made were modifications such as pull-out wire holes,
provision for mounting antennas, sleeves for impact fuses, and modi-
fications to permit sealing of the entire unit.

3.5 LIFT LUGS

Lug design was confined to single -point suspension on all
bomb models subsequent to June 1944. Tests were first made with a
British-designed lug, used with an adapter plate designed to distri-
bute the load out into the pentagons of the 1222 sphere (F.igure 10).

A similar lug, designed for the 1291, bolted to a pad cast into
the top segment of the sphere. Tee slots were cut in the pad to pro-
vide an adjustment in lug location for changes in center of grévity.

The 1560 and 1561 used the same lug as the 1291 (Figure 11)
with the exception of a bronze inseft on the under side of the cross-
bar designed to forestall any chafing on the bomb release. The lug |
was bolted directly through the sphere without provision for adjust-
ment, the center of gravity having become pretty well fixed on the
1561. |

3.6 TAIL ASSEMBLIES

Design of the tail was dependent on actual ballistics tests and,
as those tests were made, the tail was modified to fit the aerodynamic

data obtained. Proposals for design included several types of cylin-
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drical tail, but the prototype was a box shape, designed to keep the
bomb from rotating. -

The first drop tests of the 1222 model disclosed considerable
yaw; and it was found that the flight of the bomb could be greatly im-
proved by increasing tail drag somewhat. The taiul was therefore re-
designed to include parachute ribs--flat aluminum plates running di-
agonally through the tail (Figure 12). There was no way of predeter-
mining the pfoper angle for these ribs, so they were arbitrarily set
at 45° to the flight of the bomb, and further drop tests were made.
Flight characteristics were found to be good. However, tests were
still in progress at the end of the war to determine the possibility of
reducing the angle of the drag plates by an amount such that complete
stability would be retained with less drag and hence greater bombing
accuracy. |

A study of the structure aroused concern over the possibility
that vibration might be set up in the tail vanes themselves. To over-
come this, a rolled bulb section was riveted to the leading edges and
bent-up angles to the trailing edges. These changes eliminated any
chance of damage by vibration.

"Attachment of the tail on the 1222 model was made by bolting
the tail cone directly into holes tapped in the dural cover cone. The
same mating problem was encountered in this method of attachment
as in the ellipsoids, and was solved in the same manner. On the 1561,
lugs were fixture-welded to the ellipsoid and bolted to the mating tail
cone, making attachment of the tail a quick simple operation using

five tension bolts.
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3.7 MECHANICAL DRAWINGS OF 1561 MODEL FAT MAN

The most suitable and complete means of describin.g the de- .
tailed design of the 1561 unit used at Nagasaki is in terms of the me-.
chanical drawings used in the manufacture of this unit. Since, hqw-
ever, there is a total of more than one hundred such drawings for. the
complete unit, the‘se will not all be reproduced here. A complete
file of these drawings is maintained by the Engineering Group at the
Los Alamos Scientific Laborato.ry, and a collection of photostats of

these drawings is deposited in the Los Alamos Document Room as

Report LA-392.

>TIT
[

UNCLASSIFIZ®




A UNCLASSIFIED

CHAPTER 4

ASSEMBLY OF THE 1561 FAT MAN

V. A. Miller

4.1 INTRODUCTION

This Chapter is devoted to a history of the -development of
buildings, equipment and procedures for the assembly of the 1561 Fat
Man bomb. Since that bomb was an entirely new type, no standard
equipment or operation procedures were available; consequently,
buildings and equipment had to be developed as a result of problems
and experience encountered in the early stages of the bomb design.
This Chapter will discuss the design of assembly buildings, the supply
problems for Wendover and the overseas destination, assembly hand-

ling equipment, and the transportation of the bomb.

4.2 BUILDING DEVELOPMENT

The original assembly building at Wendover was a Butler building,
40 by 80 feet. It was equipped with two l-ton chain hoists and two 6-ton
chain hoists. The building had an addition approximately 15 by 15 feet
with a 6-ton traveling hoist on one end that was closed off from the other
portion of the building and used as a paint shop and delivery room of
completed test models. This building was not air-conditioned and
since it was also used as a modification building, it was very inade-
quate for the construction of any but concrete bomb models. The
building was used until April of 1945 when a building was completed for

assembling HE models.

v
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This latter assembly building was designed by the First Ord-
nance Squadron, Special Aviation, to meet the requiréments deemed
necessary at that time. The building was constructed with three rooms
in line with a delivery apron at one end. The three rooms were: (a)
An air-conditioned assembly room where the HE blocks were loaded in
the sphere and all components assembled; (b) An air-conditioned HE
uncrating and inspection roomv; (c) A charge room.

The assembly room was equipped with two 1-ton overhead chain
hoists and one 6-ton overhead chain hoist that traveled out over the
delivery apron. In the main points-of design, this building was ade-
quate, but the chief fault was that the assembly room was too small for
the equipment required in assembly.

In February, 1945, a meeting was held at Site Y to formulate
plans for the assembly buildings to be used at the overseas project.
Those present at this meeting included: Commodore (then Captain)

W. S. Parsons, USN; N. F. Ramsey; R. S. Wafner, Jr; George W.
Galloway, Representatives from First Ordnance Squadron, Special
Aviation, R. B. Brode and G. B. Kistiakowsky. It was decided at this
meeting that the assembly procedure should be entirely carried out
with overhead chain hoists (this was later changed, see Section 4.5 of
this Chapter). With this objective in mind, the building spe;:ifications
called for an air-conditioned assembly room with two l1-ton chain hoists
and one 6-ton chain hoist, an air-conditioned HE uncrating and inspec-
tion room, a charge and tool room, and a concrete apron with a 6-ton
chain hoist for delivery and receiving.

These specifications were sent to the Navy architects at Los

(4]
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Angeles and plans were drawn up. In March and April of 1945, a test
<, building was constructed at the Naval Ordnance Test Station at Inyokern,
“ ' California. Photographs and floof plans of this building are shown in
Figures 1, 2, 3 and 4.

Inspection of the completed building by representatives from
Site Y revealed several faults: The steel columns were not structurall'y
sound nor properly braced; the assembly room was too small for the
equipment required for assembly; the doors were warping badly, re-
ducing the effectiveness of the air-conditioning.

To correct these faults, certain recommendations were sent to
the overseas project, resulting in changes in the buildings under con-
struction there. The assembly room was extended five feet into the
tool room, and all the main columns were doubled in strengfh and
X sway bracing was installed. It was found that, due to the high
humidity at the overseas base, the doors did not warp as they did in
the test building at Inyokern; therefore, these doors were not changed.
Another change incorporated in the overseas assembly building was
the shortening of the chains on both 6-ton chain hoists so that, at the
highest position of the bomb on the hoist, the chains \v;ere clear of
the sphere surface. (The reason for this chain-shortening is discussed
in Section 4.5 of this Chapter.)

The building in the revised form proved satisfactory. With
the advent of trap-door assemblies, however, the HE room became

obsolete.
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4.3 SUPPLY PROBLEMS AT WENDOVER

The supply problem at the Wendover test station was one of the
major difficulties in the development of the 1561 Fat Man bomb. This
situation would be true in any case where parts are designed in one
location, manufactured in another, and tested in a third; in this case,
it was even further complicated by the requirements of the Security
Office. Also, due to a constantly changing design, the steady flow of
new parts was very difficult to accomplish and, in some instances, the
supply broke down completely.

For the procurement of parts, three major organizations were
involved: D. P. Mitchell's organization at Site Y, Lt. Col. R. W. .
Lockridge's organizatioﬁ, and Army Supply channels. In addition to
these groups, the Engineering Department maintained a representa-
tive in the Los Angeles area to expedite procurement of difficult and
special parts. Mariy times.in the bomb development, a shortage of
critical parts was averted by such an expeditor.

Two rep.resentatives of the Engineering Department made a
complete inventory of the Wendover supply, in order that parts destined
for overseas shipments and parts needed for test assemblies could be
located rapidly. After this inventory was completed, parfs were
binned in the warehouse and very little trouble was encountered after

that.

4.4 DESTINATION SHIPMENTS

In March, 1945, work was started by R. S. Warner and G. W. ,

Galloway, Chief Engineer, toward the formation of a shipping catalog
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and shipping crates for all component parts of the 1561 Fat Man bomb
and 1852 Little Boy bomb. This catalog stabilized and crystallized
all groups into thinking and actualfy planning for overseas shipments
that were scheduled for May, 1945. The catalog later was found to be
inadequate for overseas shipments due to last minute changés in de-
sign and late procurement; but it was invaluable m the beginning tb
coordinate all thoughts in the dirgction of one purpose, to use tacti-
cally a weapon on the Japanese Empire.

At this time, Site Y representatives made a trip to Mare Island
Navy Yard to study crating and packing problems for overseas ship-
ment. '

. From information obtained at the Mare Island Navy Yard, crates
were designed and drawings completed for all major components. The
engineering procurement representative took these drawings to Los
Angeles and, in the time of one week, procured sample crates and
shipped them disassembled by air express to Wendover.

These crates were assembled at Wendover by Engineering
personnel from Site Y and were used as a sample shipment to Mare
Island Navy Yard. This accomplished a two-fold purpose.

(1) It tested the design of crates as to their durability and
strength.

(2) It gave the shipping experts at Mare Island an opportun-
ity to gain first-hand information on the parts that they

' had to pack for overseas shipments. |

When the question of overseas shipments or batch shipments

arose, the Weapons Committee at Site Y set up requirements as to the
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number of 1561 FM bombs and 1852 LB bombs required per month.

Since certain groups could not meet the requirements as set forth by
the Weapons Committee, R. S. Warner, Jr., prepared batch-shipment
lists based on the concerned groups' ability to prepare, test and assem-
ble component parts. These lists were then further detailed into work
lists by a member of the engineering department for use by the First
Ordnance Squadron, Special Aviation, of the 509th Composite Group at
Wendover. The specifié purpose of this group was to fabricate test
models of the 1561 FM bomb and the 1852 LB bomb and also to prepare
and crate assemblies and parts for batch shipments.

A lérge amount of planning and effort was put forth by R. S.
Warner, Jr., and by the Engineering Department in starting and main-
taining a continuous flow of batch shipments to Mare Island where Lt.
Col. R. W. Lockridge's organization was supervising the packing,
loading and the computing of necessary statistics. To enlarge on the
amount of work that was required to get the first batch shipment on its
way, the amount of work in cataloging and preparing crates has been
previously mentioned, but the amount of work in actually collecting
parts, modifying parts, test assembling and actual crating, required
a great deal of effort. At the time of the first batch shipment, the
First Ordnance Squadron was involved in a very extensive program and
was able to furnish only a limited number of men for batch-shipment
work; therefore, most of the work fell to engineering personnel from
Site Y to actually collect, assemble and crate parts for the first ship-
ment. The first batch was completed on scheduled time at Wendover

on April 30, 1945. This batch was used primarily to thoroughly test
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- : the complete shipping channels and packing methods fro;n Wendover
and Site Y to the final overseas deftination.

In early March it became evident to the Engineering Depart-
ment that a modifications building for the reworking of parts to latest
changes would be necessary at Wendover. In view of this, plans were
started and equipment ordered to build and equip a Butler building of |
40 feet by 80 feet at Wendover. This building was completed in time
to use for the second Batch shipment that was shipped from Wendover,

May 31, 1945. With the completion of the modifications building and
the arrival of the replacement unit, under Captain Roerkohl, for the
First Ordnance Squadr'on which was destined for overseas duty, the
work of modification, test assembly and crating was taken over by the

" - replacement unit with supervision from the Engineering Department

at Site Y. This unit became very proficient in the preparation of

T batch shipménts. aﬂd, as the third and fourth shipmentslwere reaéhed,

they were functioning' smoothly. |
To sum up this short discussion of the supply problem at
Wendover, it is evident that a gfeat deal of thought, planning and
effort was put forth by all concerned in order that a smooth and effi-
cient supply channel could be established between Site Y, Wendover,
and Tinian. Credit for this smoothly functioning organization should
be given to R. S. Warner, Jr., the Engineering Department, Lt. Col.

R. W. Lockridge's shipping organization and Captain Roerkohl's Army

unit at Wendlover.
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4.5 HANDLING AND ASSEMBLY EQUIPMENT

The assembly of the 1561 Fat Man bomb by means of speciallit
designed handling equipment had been developed from a very crude and
unreliable method to a fnore systematic and safer procedure.

The equipment and assembly method was developed late in the
design of 1561 Fat Man bomb and was first fully utilized in assemblies
at the overseas project.

In order to clarify the foregoing statements, the problems and
solutions of assembly will be given in this portion of the chapter on
assembly of 1561 Fat Man.

It was not until July, 1945, that a 1561 Fat Man bomb was as-
sembled completely. Prior to that time bombs had been assembled
almost complete, but never complete with the high explosive compon-
ents. At the beginning and through a major portion of test assembly
work at Wendover, most thought was giver; to the actual design and
testing of bomb components, and very little to actual assembly proce-
dures. It was not until April, 1945, that considerable thought and work
was started towards assembly equipment and methods by the Engineer-
ing Department. .

The first method of assembly and the one utilized until June,
1945, was briefly as follows: A dray held the sphere for block loading;
a spreader bar was used to rotate the sphere; all equipment was
assembled in the sphere by overhead chain hoists; ellipsoids were

assembled by chain hoists; and the tail in the final step was held in

position for assembly by an overhead chain hoist.
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With this method of assembly the overhead chain hoists were
dangerous due to long lengths of chain striking the detonators in the
sphere when it was being held for assembly. The sphere being free
to swing and the ellipsoids being suspended from one point, caused
an unbalanced condition that led to a great deal of forcing by pinch
bars aﬁd. a high amount of physical force. This method of assembly
was quite all right for bombs that were loaded with concrete, no det-
onators and no wires, but it was very inadequate for assembly of com-
plete bombs.

The first work in the designing of handling equipment was
started with the idea of eliminating the overhead chain hoists entirely
and using an A-frame instead. The A-frame was designed to hold the
sphere steady by means of removable sway-bracing that fit on the
flange of the Sphere (Figure 5). By using the.A-frame, the sphere
could be loaded in the dray., the A-frame rolled over the sphere, and
then picked up. With the sphere in this position and with the sway-
bracing in place, the "X' unit was held in poSition with a jib hoist
(Figure 6) and the sphere wired. The '"C" plate was also held in place
for assembly with the jib hoist. With "X" unit and '""C'" plate in place,
the bomb was completely wired ready for ellipsoid and "A'" plate as-

sembly.

Considerable thought was given in the assembly method for the
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ellipsoids, and the first and final decision was to use an acijustable
dolly that would hold the ellipsoid in the pfopei‘ assembly position.
The first type of dolly that was designed for the front ellipsoids. is
shown in Figures 7a and 7b. The earlier type was later replaced by
one with greater adjustability and .maneuverability, which dolly was"
used for both ellipsoids in Figure 8. With still another modification,
the dolly was made to hold the ellipsoids rigid, as shown in Figure 9.

The ellipsoids, mounted on the dollies, are run into position
on the sphere and bolted in place. The tail of the bomb is then posi-
tioned with the jib hoist, and the assembly is complete.

Utilizing the above outlined procedure, the assembly could be )
accomplished without the use of hoisting equipment other than tﬁat
mentioned. The method, however, proved impractical due to thelim-
ited floor space, mentioned in the previous discussion on assembly
buildings.

From the overhead chain hoist method and the method outlined
above, a compromise was reached for the final assembly procedure.
The latter assembly procedui‘e utilized the overhead chain hoists, two
1-ton hoists and one 6-ton hoist, together with ellipsoid dollies, floor
.sway-bracing (Figure 10), X-unit dolly (Figure 11), "C" and "A'" plate
handling fixtures (Figuresl2 and 13), sphere tongs (Figure 14) and
ellipsoid guide pins.

A detailed assembly procedure as used in July, 1945 for the

1561 bomb will be found in LA-392.
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4.6 CONCLUSION

In concluding this chapter, a few comments and notes are in
order. .

The description of the sphere HE loading and preparation of
trap door assemblies will be found in Volume XI.

The author, at this time, wishes to express his appreciation
to R. S. Warner, Jr., and A. B. Machen for their helpful sugges-
tions and cooperation in compiling of data for and the writing of this
chapter.

| The author wishes to give credit to the Project Y Engineering
Department, since no one man was responsible entirely for certain

developments, a complete list of the Engineering Department per-

sonnel as of June, 1945 is given.

ENGINEERING DEPARTMENT

(June 1945)
Civilian Military
Navy

Allman, James Miller, Victor A., Lt. (j.g.)
Batteiger, John C., Jr. Special Engineer Detachment (SED)
Cline, Grant J. Baumgarten, Aaron T/3
Davis, Thomas V. , Bond, Avery P,
Galloway, George W, Carlson, Loren A.
Hayes, Robert O. Calhoun, Robert J.
Harris, Virgil A, Cushman, Charles P.

Ives, Wallace W, Dirksmeyer, Anthony T T/4 ~

[ 2]
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Civilian Military
Lyon, Merrill K. - Easton, Glen D.
Machen, Arthur B. Hicks, Mark W., T/5 -
Nicovich, Philip A. Hain, Emory M., T/5
Runyan, James E. Johnson, J. R., T/3
Robinson, Charles F. Jockle, Philip E., T/5 .
Russ, Harlow W, Jennerjohn, Dale P.
Russo, Benjamin J. | Kimball, Arthur R.
Riede, John ' Mitts, James E., T/4
Siglock, Robert Mills, Vernon M., T/4
Selleck, R, W, Owens, Philip P.
Theis, William T. Ruder, Jack H., T/4
Warner, Avery L. * Russell, Jack P.

Stack, Francis C. , Pfc.

Schultz, Raymond, Pfc. .
Schmidtke, Richard P.

Whiston, Donald H., Pfc.

Walters, William P.

Young, William S., T/3

Zindler, Herbert P.

Zoerb, Raymond, T/5
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CHAPTER 5

-

ATOMIC-BOMB PROJECT AIRCRAFT

S. H. Dike

5.1 AIRCRAFT USED FOR ATOMIC-BOMB DELIVERY

The first bomb dropped in connection with this project was re-
leased from a TBF at Dahlgren Naval Proving Ground, Virginia, on
August 13, 1943. This test, witnessed by N. F. Ramsey, was for
‘ballistic data only. The first drop made in connection with fuze re-
search was made from an SNB-1 (AT -11) at Dahlgren on December 3,
1943.

In the early days, several types of aircraft were considered
for carrying the atomic bomb. The shape of the bomb then was very
different from either of the two final types. The British Lancaster
and our own B-29 were the two planes most seriously considered
for the final delivery job. In the early summer of 1943, the B-29
was a new airplane; its performance was still more or less unknown
and production rates were not definitely planned.

It was decided in November, 1943, to modify a B-29 at Wright
Field for project use. Accordingly B-29 No. 42-6259 was procured.
This was the 69th Wichita production airplane.

At that time, there were two distinct types of bombs which
Project Y wished to drop. These were known as the '"Fat Man"
(Figure 1) and the '""Thin Man'' (Figure 2). The "Thin Man'' became

obsolete later in the program and evolved into the ''Little Boy''.
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The first ""Fat Man" shape wﬁs changed considerably, but overall ex-
ternal dimensions remained about the same.

During December, 1943 and January, 1944, the necessary modi-
fications were made at Wright Field under the Superviréibn of Major
(then Captain) R. L. Roark. A large part of the mechanical-engineering
design was done by Mr. Charles Speer, a civilian Engineer at Wright
Field. The crew assigned to the B-29 included Major C. S. Shields,
(pilot) and Captain Dave Semple, (Bombardier). Captain Semple fol-
l.owed the modifications concerning the release and bombing 'éircu.its.

The modifications of the first B-29 included: changes in the
bomb doors; installation of a carrier frame, sway-bracing; and re-=
lease for the Fat Man'bomb model; installation of release and sway-
bracing for the Thin Man bomb model; and installation of the special
wiring circuits required by the Fuzing Group. .Several Eyemo Cameras
were installed in the bomb bay for photographing the release and ini-
tial bomb flights. The release used was a inodifiéation of a standard
glider tow release; two of these, tied together mechanically, were
used. The bombs were fitted with two. suspension lﬁgs.

The modifications were completed in' early February, 1944, and
the B-29 was flown to Muroc Army Air Base, California, to undergo
the first series of tests, arriving there February 20', 1944, Two test
drops were made on February 28 with standard inert bombs for ground
crew camera practice. The first drop of the Thin Man model bomb
from a B-29 was made on March 3, 1944.

Failures in the bomb-release system occurred during the first

series of tests. It was erroneously believed that, once the toggle of
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the glider tow release was pulléd past dead center, the weight of the
bomb would open the release. This was later proven not to be the
case. In order to effect proper release, sufficient force must be
applied to actually pull apart the jaws of the release. The insufficient ‘
spring force provided in the early tests led to rei.)eated hangups of
several seconds in the release. It was at first thought that the firing
solenoid was not operating properly. Various remedies were attempt-
ed. On one occasion the cable operating the release was tied to a
length of pipe fastened to a standard B-7 shackle. During that test,
either the nut on the stud holding the cable to the length of pipe backed
off due to vibration or the differential contraction between the aircraft
and the cable (due to temperature) allowed sufficient slack to occur
- in the cable so that premature release took place at 24, 000 feet while

stili climbing to the desired altitude. The unit fell on the bomb doors.
The doors were then opened and the bomb tore free, considerably
damaging the doors. A landing with the doors open was made at Saﬁ
Bernardino Air Depot where the damaged doors were forced closed
and a sheet of aluminum riveted across to hold them. The ship re-
turned to Muroc and soon after flew to Wright Field for repairs. Thus
ended the first series of tests.

New doors and three new engines were installed at Wright Field.
The fault with the release system was found and installation corrected.
Several releases were made on the ground.

The second series of tests was made at Muroc in June, 1944.

No malfunction of the release system occurred, with the exception of

" a grounded bomb-door safety switch on one mission. This caused the
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bombing-circuit fuses to blow. Attempt was made to replace the

fuses in the bomb bay in flight but they would not stay. It was neces- .
sary to bring the unit home and land. An unfused by-pass circuit a-
round the door safety-switches was then installed, which circuit could
be closed by means of a switch should the door switch failure occur

in the future. The door switch installation on the early aircraft was
poorly designed. It is believed no failures of door switches ever
occurred in subsequent project aircraft where the door switch instal-
lation was considerably improved. However the by-pass circuit was
included in the first group of project B-29's, and in the second group,
which was used overseas, the bombing circuit was permanently wired
around the door safety-switches.

After the June, 1944, tests it was learned that the weight of the
final unit might be considerably greater than w#s at first thought. It
was decided to use a more substantial release. In a meeting at Wright
Field, Colonel Butler promoted the British type F release with the type..
G attachment; that release was accepted by the Project and its instal-
lation was started in the B-29 presently in use.

During a visit to the Project in August, 1944, by Colonels Wilson
and Demler, it was decided that additional aircraft should be modified
for use. Accordingly, Mr. Charles Speer was sent to the Glenn L.
Martin-Nebraska Company, Omaha, Nebraska, to supervise the pre-
paration of the engineering on the modifications required. S. H. Dike
represented the Project at Omaha and engineered the special wiring
and other adciitional provisions. The first modified aircraft was 42- .

652 09; 17 aircraft were modified in all. : -
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In August, 1944, the Air Force decided to form a squadron spe-
cially trained for delivery of the atomic bomb. This squadron was
formed around the 393rd Bomb Squadron V.H. then based at Fairmont,
Nebraska, and was moved to Wendover Field, Utah, ‘in Septeinber.
1944. The Martin-Omaha aircraft were delivered to this field.

Tests were run at Wendover Field in September, 1944, using the
original Project B-29, No. 42-6259. The last project flight with this
aircraft was made by Major Charles Sweeney, pilot and Major Thomas
W. Ferebee, bombardier. The main gear wheel well doors were
damaged on this flight and the plane was never used again. It was
later turned over to the training command.

Tests continued under a Test Section headed by Major Sweeney.
Most used aircraft wefe Nos. 42-65209, 234 and 235. All of this
first series of aircraft were not satisfactory from our modification
point of view. Several serious errors in location of release and sway-
bracing were apparent due to inadequate layout made at the factory.
This was not the fault of the Martin engineervs: they were prevented
from doing their best by unnecessary security. Furthermore, no
attempt was made to make parts interchangeable from one aircraft
to another. Thus, each aircraft was different from the other and in
some cases critical dimensions varied by inches.among various air-
craft. The major part of the engineering and modification man-hours
went into the installation of bomb bay heaters which were never used.

It became apparent that the present Project B-29's were be-
coming obsolete, since new developments made the B-29's then

coming out of the factories much better. Fuel injection engines

>
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were a proved advantége. Pneumatic bomb doors would soon become
standard. Fuel flowmeters were availabﬂle. Electric propellers were
being tried on the B-29, It was desired to have these and many other
of the latest improvements on the Project B-29's before going over-
seas. With this in mind, Colonel F. W. Tibbets and S. H. Dike flew
one 61‘ the Project aircraft to Wichita to talk to the Boeing Company
about taking the Project planes to a modifications center, such as
Oklahoma City, to have the latest modifications installed. In a dis-
cussion with Mr. Harold Zipp, Chief Engineer at Wichita, it was de-
cided that the man-hours involved would about equal those of modifying
a new series of aircraft for project use. Colonel Tibbets and Mr. Dike
then flew tQ Wright Field, to get a directive started, and on to Wash-
ington to get the authorization sent to Wright Field so that the work
could begin.

A meeting was called early in Febfuary, 1945, of the Project
people concerned with aircraft requirements in order to bring up to
date the various modifications that would ultimately be required.

S. H. Dike then went to Omaha and revised and re-engineered the so-
called Silver Flate modifications. Many items were deleted, others
were added, and still others revised. The bomb-carrying provisions
were completely redesigned and better tolerances of workmanship were
set up and followed. A major part of the carrier, sway-brace, and
special bomb rail design were supervised by M. M. Bolstad. Electric
propellers were side-tracked from the B-32 program and installed
under supefvision of Curtis Wright Engineers. All fire control except

that of the tail turret was deleted. Fuel injection engines and a fuel
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manifold system were installed.

The first aircraft modified in the latter series was No. 42-65384,
This and the next aircraft (42-65385:, 386, 387 and 44-27295) were
turned over to the Test Section headed by Major C. S. Shields at
Wendover. These five aircraft performed the major part of the test
work carried on by the Project. 15 aircraft in all were sent overseas.
These were Nos. 44-27296 thru 304, 353, 354, 44-886291, 2;2_‘;2, 346
and 347. Aircraft No. 44-27292 Was the "Enola Gay' which carried

the first atomic bomb.

5.2 AIRCRAFT MODIFICATIONS

The modifications required by the Project in these aircraft can
be divided into the following categories:
v 1. Means for hoisting, holding, sway-bracing and releasing
either of two bomb shapes
a. Special carrier frame and release mounting;
b. Sway-bracing;
c. Special forward rails;
d. Rework of tunnel to allow installation of felease;
e. Guide rails for F. M. tail shroud;
f. Hoists, cables, equalizer pulleys and blocks;
2. Special wiring
a. Fuzing, detonator, and blast gage control and test
circuits;
b. Keying and release signals; -

Provisions for special observer
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a. Table, chair, oxygen outlet, interphone stations, etc;
b. Provision for test box conﬂtrols;

4. Bombing circuit

5. Mechanical bomb release controls

6. Provisions for special observational equipment

a. Special antenna;
b. Photocell installation;
c. Equipment rack installation.

All of these modifications are called out on the two master en-
gineering drawings. (These are Martin drawing numbers A-149, Sheet
1A, and A-150, Revision J.*) Reference to these drawings will indicate
what other drawings are concerned with the modification in question.'
The accompanying photographs, Figures 3 through 12, show the majority -
of these modifications. The numbered arrows, when shown, refer to
the Martin drawing number for that part or installation.

Expanding the outline above in somewhat greater detail, the Pro-
ject modifications are given in the following.

5.2-1 Means for Hoisting, Holding, Sway-Bracing, and Reléasing

Either of Two Bomb Shapes

(1) Special carrier frame and release mounting.
A carrier fréme was installed high in the forward bomb bay.
Upon the longitudinal beams of this frame a steel mbunt was fastened
for holding the British Type F bomb release with Type G attachment.
Figure 3 shows this frame in place. Note that it is fastened to the
standard bomb rails at the rear of the bay and to a pair of special

rails at the forward end of the bay. The release mount as shown in

= .
None of the Glenn L. Martin drawings referred to herein are in- v

cluded in thisChapterﬁ‘ o 51 :
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Figure 3 was for the F. M. bomb shape. For the Little Boy bomb, a , )
different release mount was used. This mount was bolted to the lower
side of the iongitudinal beams. The Little Boy release mount is shdwn
in position in Figure 4. This carrier frame was staticélly tested to

(1). 1

two thirds of 7g vertically, 3g longitudinally and 2g laterally na

) :
( )Glenn L. Martin-Nebraska Company Report E. L. R. Number N-5l11.

vertical load to test destruction the carrier failed at 62, 000 pou.ndé.
Failure occurred in a gusset plate at the junction of the longitudinal
and lateral beams. The gusset was redesigned and the destruction
test repeated on the revised carrier. Failure occurred in the revised
carrier at 85,000 pounds. It should be noted, however, that before -
this revision became effective, five aircraft were delivered with the
weaker carrier; these were 42-65384 thru 387 and 44-27295. (See
Glenn L. Martin-Nebraska Company Report E. L. R. Number N-12 for
complete stress analysis of carrier and release mount.) (See Glenn
L. Martin-Nebraska Company Drawing Numbers A-315 Change C,
A-376 Change C, A-407 Chan‘ge C, A-302 Change B, A-339 Change D
and A-421 Change B for further details of carrier and release mounts. )
(2) Rework of Tunnel

In order to realize sufficient clearances, it was necessary
to cut out part of the tunnel above the carrier for installation of the
release. This rework of the tunnel is shown in Figure 5. A plastic
window and two hand holes, fitted with removable plugs were made a /]

part of this rework, and were installed for use in extreme emergency .
§ 4 ; UNCLASSIFIED
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F
) for releasing the bomb in the event both the electrical and mechanical
. release provisions should fail. (See Drawings A-275 Change A, and
Y ~ A-277 Change A, for further details. )

(3) Special forward rails
Insufficient strength and inadequate fall-out clearance of
the standard forward rails indicated the necessity for their replace-
ment with special rails in this position. The special rails fasten to
the standard fittings and are shown in Figures 3 and 7.
(4) Sway-Bracing
Since a single point suspension was used on the bomb, it
was necessary to brace the bomb against lateral and longitﬁdinal sway.
Both bombs were braced at six points. These braces were welded
tubular structures fitted with threaded adjustable bearing points. The
six sway-braces for the F. M. bomb are clearly shown in Figure 3.
Sway-bracing for the little Boy bomb is shown in Figure 6.
(5) Guide Rails
To prevent possible catching of the F. M. Tail shroud in the
bomb bay during fall-out, guide rails were installed. These are shown
in Figure 6.
(6) Hoists, cables, equalizer pulleys, and blocks
Figures 3 and 8 show clearly the bomb hoisting provisions
installed. Four standard type C-6 bomb hoists were used. A con-

tinuous 7/32 aircraft cable was passed through a load equalizer pulley,

the through the snatch blocks shown and on to the two hoist drums.
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5.2-2 Special Firing

(1) Fuzing, detonator, and blast gauge control and test circuits
The majority of the special wiring circuits are shown in

Drawing A-200, Sheet 2. Drawing Number A-149, Sheet 1A shows the
location of the various terminal and junction boxes. More circuits
were provided than were actually used. For.example, Junction Box
Number 4 in the rear bomb bay was never used. The fuzing test and
control circuits ran for the most part between Junction Box Number 1
near the Special Observer's position and Junction Box Number 2 in the
forward bomb bay. The same was true of the detonator circuits. The
inverter at the special observer's feet was used to charge the deto-
nating condensers. The blast gauge control and test circuits ran
from Junction Box Number 3 in the radar compartment to Junction
Box Number 4 in the forward bomb bay. The blast-gauge group also
used the ARR-5 receiver installation and special antenna "A", The
" photocell installation was not used and was later deleted with the fif-
teenth aircraft as the effective point.

(2) Keying and release signal wiring

This wiring is shown on Drawing Number A-348 Change B

Two microswitches were installed so that they could be actuated by
the release of the bomb itself. One was arranged to key the Collins
liaison transmitter; the other keyed the SCR-522 command transmitter.
The latter is not provided with tone modulation, hence a small part of
the aircraft's 400 cycle supply was used as a tone signal. The amount
of modulation voltage from that source was adjusted by the guarded

potentiometer on the release signal control panel mounted on the radio
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operator's table.

-

5.2-3 Provisions for A spécial Observer

(1) Table, chair,'oxygeri outlet, intérphone station, etc.
(2) Provisions for test box and controls

The test box mount was provided on the table forward of the
- radio operator's position. Circuits from this box entered Junction Box
Number | located on the command transmitter shelf just above the
radio operator's table. This junction box is shown in Figure 9.

5.2-4 Bombing Circuit

The bombing circuit is shown in Dra'wing Number A-279 Change
D. Except for the power circuits to the bombsight, the bombing cir-
cuit was completely independent of the standard circuits. The controls
were on a separate small panel and are shown in Figure 10. Ppwer
was fed through a relay, which was closed by the bombsight, through
a rack switch, and down opposite sides of the aircraft direct to the
release. A safety latch, preventing the release from operating, was
released by an arm-safe switch. A pilot light indicated when the
latch was diseﬁgaged. A salvo switch was provided to apply power
directly to the release, by-paséing both the bombing relay and the
rack switch. A ci'rcuit transfer switch merely switched the bomb-
sight from the normal bombing circuits to the bomb release. Means
for operating the bombsight on batteries was provided in case of power
failure; which provision was never used. A second pilot light indicated

that the bornb release solenoid heater was in operation.
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5.2-5 Mechanical Bornb Release Controls

. Two levers were provided: One lever disengaged the release
' , safety latch; the other operated thé mechanical release lever on the
Type F mechanism. Both cables were tube protected and ran down
opposite sides of the bomb bay, and were termipated under spring
tension in the box shown in Figure 1l1. Cables with adjustable slack
were connected at this point and ran to the release and to‘ the safety

latch release sear.

5.2-6 Provision for Special Observational Equiprnént

(1) Special Antenna

The special antenna was used with the ARR-5 radio receiver
insfallation and consisted of a removable quarter-wave rod. When in
place, the antenna rod pi--ojected from the underside of the f_uselage

- - in the radar compartment; when not in use the antenna was stowed
- along -the roof and a plug was placed in the hole. The installation
was pressure tight. (See Drawing Number A-138 Sheet 1A.)

(2) Photocell installation '

This consisted of a pressure tight plastic window in the
underside of the radar compartment. A photocell was mounted in
the plastic window and connected to Junction Box Number 3. This
B provision was never used and was later deleted.

(3) Equipment rack installation
The equipment rack housed the ARR-5 receiver and other
equipment used by the airborne measurements group. An.additional
shelf was added overseas as a field modification. Junction Box Num-

ber 3 was mounted at the forward side of this rack.
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The performance of these special B-29's was exceptional.
Flight tests were carried out under the direcfion of Mr. Warren
Dickinson, test engineer for Douglas Aircraft. The basic PIW-VIW
curve for these aircraft was obtained and cruise control chafts were
made for use by the squadron. They were withopt doubt the finest

B-29's in the theater.
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CHAPTER 6 -

HISTORY OF PROJECT A AT TINIAN

by
N. F. Ramsey
6.1 INTRODUCTION

The Project A organization at Tinian consisted of the following:

Officer-in-Charge, Commodore W. S. Parsons USN; Scientific
and Technical Deputy to Officer-in-Charge, N. F. Ramsey; Opera-
tions Officer and Military Alternate to Officer-in-Charge, Command-
er F. L. Ashworth, USN; Fat Man Assembly T.eam headed by Roger
S. Warner Jr.; Little Boy Assembly Team headed by Commander
Francis A. Birch, USNR; Fuzing Team headed by E. B, Doll; Eiec-—
trical Detonator Team headed by Lt. Commander E. C. Stevenson,
USNR; Pit Team headed by Phillip Morrison and C. P. Baker; Ob-
servation Team headed by Luis W. Alvarez and Bernard Waldman;
Aircraft Ordnance Team headed by Sheldon H. Dike; and Special
‘Consultants consisting of Robert Serber, W. G. Penney and Captain
J. F. Nolan, AUS. The team leaders formed a Project Technical
Committee under the chairmanship of Ramsey to coordinate techni-
cal matters and to recommend technical actions to Captain Parsons.

The following persons were team members:

~Agnew, Harold Brin, Raymond, T/Sgt.
Anderson, David L., Ensign Caleca, Vincent, T/Sgt.
‘Bederson, Ben B., T/5 Camac, Morton, T/Sgt.
Bolstad, Milo M. Carlson, Edward G., T/Sgt.

L]
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:

Collins, Arthur,T/4 " Miller, Victor A.,Lt. (j.g.)
Dawson, Robert,T/Sgt. Motechko, L. L.,T/3
Fortine, Frank J.,T/Sgt. Murphy, William L.,T/Sgt.

Goodman, Walter,T/3 Nooker, Eugene L.,T/Sgt.

Harms, Donald C.,T/3 Olmstead,@T. H.
Hopper, J. D.,Lt. O'Keefe, Gernard J., Ensign
Kupferberg, J.,T/Sgt. "Max Perlman, Ted

Johnston, Lawrence H. Prohs, Wesley R.,Ensign

Langer, Lawrence M. Reynolds, George , Ensign

Larkin, William J.,T/Sgt. Russ, Harlow W,
Linschitz, Henry Schreiber, R. E.
Machen, Arthur B. Thorton, Gunnar, T/Sgt.

Mastick, Donald,Ensign Tucker, J. L., Ensign

Matthews, Robert P.,T/3 ‘ Zimmerli, Fred, T/4
Although not strictly members of Project A, the following were closely
associated with the work of the Project: Rear Admiral W. R. Purnell,
USN, representative of the Atomic Bomb Military Policy Committee;
Brig. General T. F. Farrell., representative of Major General L. R.
Groves; Colonel E. E. Kirkpatrick, alternate to General Farrell and
the Officer in Charge of Construction; Colonel P. W. Tibbets, Com-
manding Officer of the 509th Composite Group; Lt. Colonel Peer de
Silva, Commanding Officer of the First Technical Service Detachment,
which served as administrative, security and housing organization for
Project A; and Major Charles Begg, Commanding Officer of the First
Ordnance Squadron, Special.

Although preliminary construction at Tinian began in April, 1945,
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intensified technical activities were not started until July. The
first half of July was occupied with establishing and installing all of
the technical facilities needed for’assembly and test work at Tinian.
After completion of these technical preparations, a Little Boy unit
was assembled and, with thedropping of unit L.l on July 23, the Tinian
base became fully operational for Little Boy tests. In the first test,
a dummy Little Boy was fired in the air by radar fuze. Here, as in
subsequent Tinian tests, excellent results were obtained. The se-
cond Little Boy, Unit L2, was dropped on July 24, and a third, Unit
L5, on July 25. The only remaining phase of the Little Boy mission,
and included as part of the test, was a check of facilities at Iwo Jima
for emergency reloading of the bomb into anoth'er aircraft. Since the
Iwo Jima facilities were not ready until July 29, this test was post=~
poned until then. Oﬁ July 29 a completely successful test of the Iwo
Jima facilities was completed. The plane landed with the L6 Unit at
Tinian so that it coud be used in the final rehearsal maneuvers. On
July 31 the plane with the L6 took off accompanied by two observa-
tion planes. The planes flew to Iwo Jirﬁa where a rendezvous was
made, and then returned to Tinian where the bomb was dropped and
observed to function properly. After the release of the bomb all
three aircraft rehearsed the turning maneuvers. which would be used
in combat. With the completion of this test, all tests preliminary to
combat delivery of a Little Boy with active material were completed.
The {first Fat Man test, unit F13, was made on August 1, 1945,
This unit used cast plaster blocks, electronic fuzing, eight electric

detonators, Raytheon detonating unit and informers and smoke puffs

149 v

S5SFS UNCLASSIFIED



on the operation of the detonators. The test showed that all essen-
tial components of the bomb functioned satisfactorily. A second inert
Fat Man, FI8, similar to F13, was prepared and loaded into a B-29
for drop on August 3. However, due to lack of information at Tinian
of the results of the Wendover tests on the adequacy of the venting in
the sealed Fat Man, the unit was unloaded and the barometric switches
modified so that this information would be obtained on unit Fl8. In
its modified form the F18 unit was dropped on August 5. All compo-~
nents functioned satisfactorily and the venting was adequate for the in-
ternal pressure to close a barometric switch set for 17, 000 feet pres-
sure altitude 17 seconds before impact. The only remaining prelimi-
nary Fat Man test was unit F33, a replica of the active unit, except
for the lack of active material and the use of lower quality high explo-
sive lens castings. The components for the F33 unit arrived at Tinian
at 1230 on August 2 and preliminary assembly was begun the same day.
Although the F33 unit was fully assembled by August 5, it was not
dropped until August 8 due to absen ce of key crews and aircraft on the
final Little Boy mission. A test was then conducted as a final re-
hearsal for the delivery of the first live Fat Mé.n. Both the rehearsal
operation and the detonation of the unit were completely satisfactory.
On'July 26, the UZ35 projectile for the Little Boy was delivered
by the cruiser INDIANAPOLIS. The UZ35 target insert arrived in
three separate parts in three, otherwise empty, Air Transport Com-
mand C-54's during the évening of July 28 to 29. All three had
arrived by 0200 July 29. Since the earliest date previously discussed

for combat delivery of the Fat Man was August 5 (at one time the
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official date was August 15). Parsons and Ramsey cabled General
Groves for permission to drop the first active unit perhaps as early
as August 1, with August 2 being more probable since poor weather
was forecast for August 1.

Although the active Little Boy unit, No. Lll, was completely
ready in plenty of time for an August 2 delivery, the weather was un-
favorable. The first, second, third, and fourth of August were spent
in impatient waiting for good weather. Finally, on the morning of
August 5 word was received that the weather should be good on August
6. At 1400 on August 5 General Lemay officially confirmed that the
mission would take place on August 6.

The Little Boy was ioaded onto its transporting trailer at 1400
on August 5 and, with an accompanying battery of photographers,
was taken to the loading pit. The B~29 was backed over the pit at
1500 and the L1l uhit loaded shortly thereafter. The aircraft was
then taxied to its hard stand where final testing.of the unit was
completed. By 1800 all was ready. Between then and take-off, the
aircraft was under continuous watch both by a military guard and by
representatives of the key technical groups. |

Final briefing was at 0000 of August 6. Following this, and an
early breakfast, the crews assembled at their aircraft. There, amid
brilliant floodlights, pictures were taken and retaken by still and
motion picture photographers (as though for a Hollywood premiere).
For the mission Colonel P. W. Tibbets was pilot of the B-29 (named
the Enola Gay) which carried the bomb, Major Thomas Ferebee was
bombafdier, Captain W. S Parsons was bomb commander, and Lt.

Morris Jepson was electronics test officer for the bomb. L. Alvarez,
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Bernard Waldman, Harold Agnew and Larry Johnston rode in the
accompanying observation aircraft. -
| The progress of the mission is best described in the log which
Captain Parsons kept during the flight:
Captain Parsons' log:
August 6, 1945
0245 Take off
0300 Started final loading of gun
0315 Finished loading
0605 Héaded for Empire from Iwo Jima
0730 Red plugs in (these plugs armed the bomb so it
would detonate if released) -

0741 Started climb

Weather report received that weather over primary .

~and tertiarjr targets was good but not over second-

ary target. _
0838  Leveled off at 32,700 feet oy $roca’ True
0847 ° All Archies (electronic fuzes) tested to be O.K.
0904 Course west
0909 Target (Hiroshima) in sight ’
0915 1/2 Dropped bomb (originally scheduled time was 0915)
| Flash followed by two siaps. on plane. Huge cloud.

1000 Still in sight of cloud which must be over 40, 000

high
1003 Fighter reported oo
1041 Lost sight of cloud 363 miles from Hiroshima with - -

the aircraft being 26, 000 feet high. 23w To
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The crews of the strike and observation aircraft reported that
5 minutes after release a lc‘);,v 3 fnile diameter dark grey cloud hung
over the center of Hirdshima, out of the center of this a white cblumn
of smoke rose to a height of 35, 000 feet with the top of the cloud being
considerably enlarged.

; Four hours after the strike, photo-reconnaissance planes found
that most of the city of Hiroshima was still obscured by the cloud
created by the explosion although fires could be seen around the
edges. The following day excellent pictures were obtained showing
the tremendous magnitude of the power of a single atomic bdmb, which
completely destroyed 60 percent of the city of Hiroshima.

The first Fat Man with active material, unit F31, was 6rigina11y
scheduled for dropping on August 1l local time (at one time the sché-
dule called for August 20), However, by August 7 it became apparent
that the schedule could be advanced to August 10. When Parsons and
Ramsey proposed this change to Tibbets, .he expressed regret that |
the schedule could not be advanced two days instead of only one since
good weather was forecast for August 9 and the five succeeding days
were expected. to be bad. It was finally agreed that Project A would
try to be ready for August 9 provided all concerned understood that
the advancement of the date by two full days introduced a large mea-
sure of uncertainty into the probability of meeting such a drastically
revised schedule, However, all went well with the assembly and by
2200 of August 8 the unit was loaded and fully checked.

The strike plane and two observing planes took off at 0347 local

time on August 9. Major C. W. Sweeney was pilot of the stirike ship,

13
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Captain K. K. Beahan was bombardier, Commander F. L. Ashworth

was bomb Commander, and Lt. Philip Bafnes was electronics test

Officer. This mission was as eventful as the Hiroshima mission was

operationally routine. | N

Due to bad weather between Tinian and Iwo Jima, a preliminary

rendezvous was not planned for three aircraft at Iwo Jima, and in-

stead, the briefed route to the Japanese Empire was from Tinian

direct to Yakoshima or Kyushu. The briefed cruising altitude was

17, 000 feet. Commander Ashworth's log for the trip is as follows:

Commander Ashworth's log:

0347
0400
0500

0900

0920
0950

Take off

Changed green plugs to red prior to pressurizing
Charged detonator condénsers to test leakage.
Satisfactory.

Arrived rendezvous point at Yakoshima and cir-

‘cled awaiting accompanying aircraft.

One B-29 sighted and joined in formation
Departed from Yakoshima proceeding to primary
target Kokura having failed to rendezvous with
second B-29. The weather reports received by
radio indicated good weather at Kokura (3/10 low
clouds, no intermediate or high clouds, and fore-
cast of improving conditions). The weather re-
ports for Nagasaki were good but increasing
cloudiness was forecast. For this reason the

primary target was selected.
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o
. ) 1044 Arrived initial point and started run on target.
[ Target. was obscured by heavy ground haze and
> . smoke. Two additiénal runs were made hoping
’ that the target might be picked up after closer ob-
servation. However, at no time was the aiming
point seen. It was then decided to proceed to
. Nagasaki; approximately 45 minutes spent in the
primary target area.
1150 Arrived in Nagasaki target area. Approach to
target was entirely by radar. At 1158 the bomb
. was dropped after a twenty second visual bombing
run. The bomb functioned normally in all respects.
. 1205 Departed for Okinawa after having circled smoke
Sy : column, Lack of available gasoline caused by an
o inoperative bomb tank booster pump forced deci-
» sion to land at Okinawa before returhing to Tinian,
1351 Landed at Yontan Field, Okinawa
1706 Departed Okinawa for Tinian
2245 Landed at Tinian
'Due to bad weather, good photo-reconnaissance pictures were
not obtained until almost a week after the Nagasaki mission. These
showed that the bomb detonated somewhat north of the Mitsubishi
Steel and Arm Works. All other factories and buildings on the Ura-
kami River from the Nakajima Gawa River through the Mitsubishi
Urakami Ordnance Plant were destroyed. The distance from the
. northernmost factory that was destroyed to the southern boundary of
- :
* .-
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complete destruction was about three mile's and damage might have J
occurred north of the Urakami Ordnance Plant if any buildings had

been there. Although only 44 per cent of the city was destroyed by

the official record, this was due to the unfavorable shape of the city
and not to the location of the bomb detonation.

On the day following the Nagasaki mission, the Japanese initi-
ated surrender negotations. Consequently, further activity in prepar-
ing active units was suspended. However, the entire project was main-
tained in a state of complete readiness for further assemblies in the
event of a failure in the peace negotations. For the first week follow-
ing the Nagasaki mission the test program at Tinian was ccntinued
and three dummy Fat Man unit_s. Nos. Fl101, F102, and Fl103, were PN
prepared. These were not dropped, however, since the Japanese had - ‘
stated their willingness to accept the American terms prior to the
date scheduled for the drop. Originally it was planned to return all
Project A technical personnel to the United States on August 20, ex-
cept those assigned to the Farrel mission to investigate the results
of the atomic bombing of Japan. However, on August 18, a message
was received from General Groves that in view of the then current
delays in the surrender procedures all key Project A personnel should
remain at Tinian until the success of the occupation of Jai:an was |
assured. The scientific and technical personnel finally received
authorization for return to the United States on September 5, and de-
parted from Tinian on September 7, 1945. With this departure the o .
activities of Project A were effectively terminated although Colonel
Kirkpatrick And Commander Ashworth remained behind at Tinian for : -

>
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final disposition of Project A property.

6.2 CONCLUSION

Project A, after a long period of preparation in the United
States, had a very short but highly intense and successful period of
activity overseas. As in all urgently expedited cievelopment projects
for which there are no precedents, many mistakes were made in Project
A. With the benefit of the experience accumulated by Project A it
would sutasequently be possible to replan its activities .to accomplish
its objectives both with greater economy and with improved designs.
However, despite the novelty of the weapon and the lack of prece-
dent for most of its problems, Project A did successfully accomplish
all of its major objectives and did so on or ahead of schedule.

The object of Project A was to assure the successful combat
use of an atomic bomb at the earliest possible date after a field test’
of an atomic explosion and after the availability of the necessary nu-
clear material. This object was very effectively accomplished. The
first combat bomb was ready for use against the enemy within seven-

teen days after the first experimental nuclear explosion at Alamogordo

-and almost all of the intervening time was spent in accumulaiing addi-

tional active material for making an additional bomb. The first atomic
bomb was prepared for combat use against the enemmy on August 2
within four days of the time of the de livery of all the active material
needed for that bomb. Actual combat use was delayed until August

6 only by bad weather over Japan. The second atomic bomb was

used in combat three days after the first, despite its being a com-
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_ &
pletely different model and one much more difficult to assemble. The 4
success of the combaf use of the atomic bomb is best summarized by ~
the fact that Japan began surrender negotiations four days after the use
of the first atomic bomb. .
-
-
~‘- >
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Assumptions

Understand Basic Concepts For:

349

Detonators

o Initiation Requirements
o Fuzing

o Safety

o Use Control

o]

Implementation of Concepts Will Be
Described as Part of This Session
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_u_oEm_. Supplies

- Battery Technologies
- Evolution of Battery Development
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Nomenclature

_u_zsmi - Life ends upon discharge

Examples: Zinc-Carbon - Flashlight

Alkaline Manganese - Flashlight

Zinc-Silver Oxide - Missile guidance system
- Sandia JTA

Lithium - High energy density applications (such as nuclear weapons)

s Examples: Lead-Acid - Automobile

M Nickel-Cadmium - Portable appliances
- T Sandia PAT Contallers
e

O.Q Iron-Nickel - Electric vehicles

=

3

Zinc-Silver Oxide - Portable military equipment
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Nomenclature

Dry Cells - Aqueous electrolyte has been

immobilized by use of gelling
agents

Solid State

Cells - Solid electrolyte has conductance
wholly due to ionic motion with
solid lattice
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Nomenclature

Reserve Battery - Any battery which will not deliver current
until activated, e.g., by adding electrolyte
or melting electrolyte

Thermal Battery - A reserve battery activated by raising the
temperature to melt the electrolyte, which

?u is a salt mixture - used extensively in

maw nuclear weapons m
> .
ﬁm Depolarizer Pad - The active cathode material which is reduced ﬂ

» electrochemically during battery discharge =

- -,




-
) SN

LN

SSYION

SNy g AP ge
Porg fL MG
LB AEd

Nuclear Weapon Batteries

Little Boy NT—6 Lead Acid 1945
'Fat Man ER—12 Lead Acid

MK 4,5,6,7 MC193 Nickel—Cadmium 1953
MK 12 MC271 Silver—Zinc

MK 15 MC473 Thermal Ca—CaCrO, 1955
Muitiple Multiple Thermal Li—FeS, 1970’s
All New Designs Thermal Li—FeS, Present

zo.__.m" JTA’s, controllers, and support equipment may utilize designs
other than thermal batteries :
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Desirable O.d:m:om_ Power Source Characteristics

Reliability

Shelf Life
23 Ruggedness
Wide Operating Temperature
Cost |

Current Density
Puise Capability
High Cell Voltage
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Electro—chemical

Battery Technologies

b ]

Advanced
Storage
Batterles
—
U Primaries
“ —
Li Reserve
| i
Nr:\)oo Reserve
|
I 1
U/FeSa2 Thermal
L [
{ 1
Ca/CaCrO4 Thermal .
[
] 1
| T | | T T T T 1

T
1 2 10 30 60 20 60 1-3 3 hr- 20
86C  soc sec sec sec min min hrs 3y yrs

] |

! A
' Pulse, high | Reg. | Power | Long—Iife ! Weapon Storage

voitage and Power
fast rise’
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Reactions
Ca/CaCr0,

e Electrochemical:

Anode — Ca W.Hvoo_.mmlv Ca2¥(double mo_c,_\+ 2e- )

Cathode — CrO.™ + 3e-—s(soluble -1*_ CagCr 0,SiCl,,
intermediates) Li Ca yCro,

Li Cr 0, m
.l | . 2
3 e Identifiable Side Reactions: >
£ 4Ca + Si0,—$2Ca0 + Ca,Si + (~660 cal,/q) 2
& 3Ca + 2CaCr0, + 2LiCl—s 2Ca.Cro Ol + Cali_ + —
AN 1770 cal/q) -,
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NEW PELLETIZED CELL

(-)
ANODE

+

CATHODE

ELECTROLYTE +

BINDER

SOLID AT 550°C

HEAT SOURCE

ANODE
CATHODE

ELECTROLYTE

HEAT SOURCE

CELL CASE

DEPOLARIZER, ELECTROLYTE
AND BINDER (DEB)

IRON HEAT SOURCE (+)

CHLORIDE + Si0

|

2

CALCIUM ON 1RON SUBSTRATE
CALCIUM CHROMATE (depolarizer)
LITHIUM CHLORIDE, POTASSIUM { peg

BINDER

IRON-POTASS IUM PERCHLORATE DISC
NONE

M

IRON SUBSTRATE (-)

CALCIUM ANODE
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Nuclear Targeting

e Through intelligence data, the targets have a
vulnerability number associated with it that allows the

DoD to assign a weapon.

e Vulnerability Number (VN)
XXPA XXQA

First 2 digits are related to the amount of pressure:
— P = over pressure (smash)

Mwm — Q = dynamic pressure (winds)
ﬁw — A = adjustment for yield (tables geared to 20 KT)
P A typical VN:

o Airfield = 12 PO ~ 10 psi

P

P!

e

oy

!

=1

o
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PRIMARY SECONDARY
*EASILY IGNITED WITH *INSENSITIVITY
QUICK TRANSITION TO .
DETONATION *HIGH ENERGY DENSITY

HUM_ SMALL QUANTITY REQUIRED

e ;

WlVa PHYSICAL SEPARATION - TETRYL

N

P

~

Yy

r.jm.‘.“

]

-

qALAISS Y 1D



Material?

*BTF
*DATB
*DIPAM
*DNPA
*EDNP

*FEFO

**HMX

*HNAB

*HNS
**NC (12% N)*

*NC (13,35% N,
min)"

*NG

*NM

*NQ

**PETN

**RDX

*TACOT

**TATB
#*Tetryl

**TNM
**TNT

Chemical name

Benzotris-[1,2,5] oxadiazole-
[4,4,7]-trioxide
1,3-Diamino-2,4,6-
trinitrobenzene
3,3-Diamino-2,2'4,4' 6.6'-
hexanitrobiphenyl

2,2-Dinitropropyl acrylate
Ethyl-4,4-dinitropentanoate
Bis(2-fluoro-2,2-dinitroethyl)-
formal
1,3,5,7-Tetranitro-1,3,5,7-
tetraazacyclooctane

2,2',4,4' 6,6'-Hexanitroazo-
benzene

2,2',4,4',6,6'-Hexanitrostilbene

Partially nitrated cellulose

Partially nitrated cellulose

1,2,3-Propanetriol trinitrate
Nitromethane
Nitroguanidine
Pentaerythritol tetranitrate
1,3,5-Trinitro-1,3,5-triaza-
cyclohexane, hexahydro-
1,3,5-trinitro-s-triazine
Tetranitro-1,2,5,6-tetraazadi-
benzocyclooctatetrene

1,3,5-Triamino-2,4,6-trinitro
benzene
2,4,6-Trinitrophenylmethyl-
nitramine
Tetranitromethane
2,4,6-Trinitrotoluene

**Denotes it has been used in nuclear weapons

1Cw€v70m_<m COMPOUNDS.

Other desi gnations

Benzotrifuroxan,
hexanitrosobenzene

Hexanitrodiphenyl-
amine hexite,
dipicrylamine

Cyclotetramethylene
tetranitramine,
octogen

Nitrocellulose
(lacquer grade),
cellulose trinitrate,
piroksilin

Nitrocellulose,
guncotton

Nitroglycerin

Aminomethaneamidine

Penthrite, TEN
Cyclotrimethylene
trinitramine,

hexogen cyclonite,Gh

Tetranitrodibenzo-
1,3a,4,6a-
tetraazapentalene

Trotyl, T,tol

Color

Buff

Yellow

Off-white
Yellow
Straw

White

Orange

Yellow
White

White

Clear
Clear
White
White
White

Red-
orange

Bright
yellow
Yellow

Clear
buff to
brown

Z
P
ﬁll
=
P
P
[iar)
=
=]
-
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Cast explosives: names and formulations.

Formulation (wt%)®

Explosive* _TNT RDX Other ingredients
Baratol 24 Ba(NO,), 76
Boracitol 40 Boric Acid 60
*Comp B, Grade A° 36 63 Wax 1
Comp B-3 40 - 60
*Cyclotol* 25 75
H-6 : 30 45 Wax 5
Al 20
Cacl, 0.5
*Octol 25 HMX 75 —
'® *Pentolite? 50 PETN 50 Z,
- | P
- Tritonal 80 Al 20 =
o> :
() *Properties of materials marked with asterisks are summarized in data sheets (Section IV). 2
i *The weight percent values given in the table are nominal and subject to some variation. P ]
Tﬂ _ “Comp B, Grade A is formulated as a 60/40 RDX/TNT mixture, but high-quality castings usually are higher in RDX bt
e | content due to the removal of a TNT-rich section at the top of the casting. TL.ru
W,u “There are several cyclotols and pentoiites. The most common cyclotol is RDX/TNT 75/25. The most common —
FM& pentolite is PETN/TNT 50/50. -~
— : ﬂJ




Plastic-bonded explosives: Names and formulations.

Explosive*
*LX-04-1
*LX-07-2

*LX-09-0

LX-09-1

*LX-10-0
LX-10-1
*LX-11-0

*LX-14-0

*PBX-9007

Other ingredients

PBHV-85/15

RX-04-BA

RX-09-CB

RX-04-DE

RX-04-PI

PBX-9007 Type B

Formulation
Ingredient wt%
HMX 85
Viton A 15
HMX 90
Viton A 10
HMX 93
pDNPA 46
FEFO 24
HMX 93.3
pDNPA 4.4
FEFO 23
HMX 95
Viton A 5
HMX 94,5
Viton A 45
HMX 80
Viton A 20
HMX 95.5
Estane
5702-FI
RDX 90
Polystyrene 9.1
Di(2-ethyl-
hexyl)- 0.5

phthalate

Color
Yellow
Orange

Purple

Purple

Blue-green spots
on white
Blue-green spots
on white

White

Violet spots

on white

4.5

White or mottled

- gray®
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Plastic-bonded explosives: Names and formulations. (cont.)

*PBX-9010

*PBX-9011

*PBX-9205

*PBX-9404

*PBX-9407

*PBX-9501

PBX-9502
LX-17

X-0008

PBX-9404-03

Formulation

Rosin

RDX

Kel-F

HMX
Estane
5740-X2
RDX
Polystyrene
Di(2-ethyl-
hexyl)-
phthalate
HMX

NC (12.0% N)
Tris (B-chloro-
ehtyl)-
phosphate
RDX

Exon 461
HMX
Estane
BDNPA
BDNPF
TATB

TATB

0.4
90
10
90

92

3
94

95
25
1.25
1.25
.05 Kel F
.075 Kel F

White

Off-white

White

White or blue

White or black®
6
White
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LEAD AZIDE
Pb Ng
YALIY--
TEMPERATURE ove mcomﬂm
eeV DETONATION
IGNITION

TIME

fl vhe o
MAAT .
YA %
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EBW (EXPLODING BRIDGEWIRE) EVOLVED
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THIS SECTION WILL BE MADE AVAILABLE FOR USE DURING THE CLASS
PERIOD ONLY.
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Project Stage Right Storage

Z
Q
-
>
2
P
ol
]
pd
=
-




SNM Storage Problem
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MMSC Demilitarization/Sanitization

Part Nomenclature Demilitarization Sanitization Render Safe Method
Actuators/Squibs Yes No/Yes Yas Fire or explosive disposal
. . (Some Use Control items
: . may require sanitization)
Connectors No No/Yes No None (Unless Rad
hardening potting used,
. then sanitization required)
Detonators and Cable Yes Yes Yes Fire - Shred cable/crush
o] Assemblies header or explosive
Cq disposal (protect # Info)
W. Foams, cushions, No No/Yes No None (Shred, melt, or burn
3 compression pads, If show classlfied contours
D desiccants, plastics, etc. or shock mitigation Info.)
L Mechanical Hardware (O- No No No None (Part ldentifler
V rings, brackets, bolts, removed If assoclation
N cover plates, rings, etc. makes classified)
D) Neutron Generator, Yes Yes Yes Crush (Remove rad tube?)
‘ S Electronic
Tﬁu Neutron Generator, Yes Yes Yeos Fire (mixed waste) or timer
po— Explosive driver to explosive
@”Q disposal/tube to rad waste
Q Reservoir Yes Yes Yes Bury (Remove rad materiai
% if appropriate)
Thermal Battery Yeas No Yes Fire
Timers No No No/Yes None (Fire/Remove
) explosives If appropriate)
Use Control, PAL, CD Yes Yes Expend, crush, shred, bury

Hardware

Yeas

as approprlate

333
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Basic Elements of a Nuclear Weapon
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Phase 4 Activities
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REFERENCES

. AN INTRODUCTION TO NUCLEAR WEAPONS:
'WASH 1037 REVISED, GLASSTONE, JUNE 1972

+ .» « SOURCE BOOK ON ATOMIC ENERGY;
® . GLASSTONE, 3rd EDITION

-~ «NUCLEAR TEST SUMMARY TRINITY — HARDTACK
DASA 1220; RS3141/10349

«VARIOUS WEAPON DEVELOPMENT REPORTS
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SURVEY OF WEAPONS DEVELOPMENT AND
TECHNOLOGY

WR708

SESSION VII

*NUCLEAR DETONATION SAFETY

- MULTI POINT
- ONE POINT

~ eNUCLEAR MATERIAL SCATTER
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Nuclear Weapon Surety aims to
prevent three consequences

Nuclear yield - release of nuclear energy greater than the energy of
four pounds of high explosive

Launch or release - sending a nuclear weapon toward a target

Pu dispersal - release of plutonium outside the weapon
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The goal of surety standards

Compliance with nuclear weapon system surety standards
should provide assurance against undesired consequences

(nuclear yield, launch, or Pu dispersal)

< resulting from any causes
(either intended or unintended).

T Consequences
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Explanation of normal and
abnormal environments

Normal environments (temperature, shock, electrical .oozzmozo:m,
etc.) are those defined in the weapon or system specifications and
~ intended to be tolerated by the weapon or system. The system is
designed to function normally during its entire lifetime if it '
experiences normal environments. | .

Abnormal environments are conditions experienced by the weapon or
system that are outside the defined normal environments (more
extreme temperatures, m_,.oox.m: voltages, etc.). The weapon or

system is not required to function after exposure to an abnormal
environment.

QIMISSYTIONA . -
QAIAISSVIONG,




The dual approach to ::o_mm_‘.

weapons safety

Accidents cannot be
oo:.u.mzmz avoided

We cannot rely on accident
prevention alone

<———p

Weapon designs do not completely
preclude Sm_n—m: every accident

We cannot rely on design features
alone

Prevent accidents

Both are required | Prevent detonation in

accidents
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DOE shares responsibility for
safety, mmn::? and control

"The obligation of the DoD and the DOE to protect public health and
safety provides the basic premise for dual-agency judgment and
responsibility for safety, security and control (S NQ of nuclear weapons.
This check-and-balance role shall continue. The DoD and the DOE
share the responsibility to:

1) Identify and resolve health and safety problems connected ﬂ
with nuclear weapons. In particular, the DOE has a continuing Z
responsibility to participate with the DoD in the consideration of these | nnum
Q health and safety problems for nuclear weapons in DoD custody. M
WW_ | 2) Prevent unauthorized use of a nuclear weapon through the mh.u
mﬂm use of positive control measure... ,_.udn.
& b

3) Determine the adequacy and effectiveness of physical -,

security measures..."




Department of Defense Directive

3150.2

Replaces DoD 5030.15...February 8, 1984
SAFETY STANDARDS

1. There shall be positive measures to prevent nuclear weapons
involved in accidents or incidents, or jettisoned weapons, from

producing a nuclear yield. |

2. There shall be positive measures to prevent deliberate _u,_.mm_._:m:u.

arming, launching, firing, or releasing of nuclear
weapons, except upon execution of emergency war orders or

when directed by competent authority.

3. There shall be positive measures to prevent inadvertent
prearming, arming, launching, firing, or releasing of nuclear
weapons in all normal and credible abnormal environments.

4. There shall be positive measures to ensure adequate security of
nuclear weapons, pursuant to DoD Directive 5210.41.

QIIIISSYION
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DOE Order 5610.10
10/10/90
Nuclear Explosive Safety mﬁmsam_dm

' a. There shall be positive measures to prevent nuclear mxu_om_<mm
involved in accidents or incidents from producing a nuclear yield.

b. There shall be positive measures to prevent deliberate prearming,
arming, or firing of a nuclear explosive except when directed by
competent authority.

c. There shall be positive measures to prevent the inadvertent
prearming, arming, launching, firing, or releasing of a nuclear
explosive in all normal and credible abnormal environments.

d. There shall be positive measures to ensure adequate security of
P nuclear explosives pursuant to the DOE safeguards and security

1

b requirements.

Fxd .

- | |

m e. There shall be positive measures to prevent accidents, inadvertent, or
g deliberate unauthorized dispersal of plutonium to the environment.




Less
Hazardous

More
Hazardous

231

Lessor
Safety
Features

Better
Safety
Features
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U. S. NUCLEAR DEPLOYMENTS CHANGED

e —

AEC Custody of Fissile Capsules
i :

1945 1953 1959

DoD Custody of Fisslle Material
SR . |
1953

Capsules Separated From Weapon
Assemblies in Peacetime

S C ._
«Zq 1945 1954
mM. . Some Capsules In IFis on Ground Alert
b= C J
A2 |
A 1954 1967
i |
- | :
(] Sealed Pit Weapons on Alert
t [ -

1957




Manually Inserted Capsules
1948 - 1951

- Safety Theme: Separation
of fissile material and HE

High-explosive shell

Analysis: Accident must
assemble weapon

233
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._smn:m:_nm__< Inserted
Capsules

1952 - 1967

Motor-driven screw

Part of shell

«Safety Theme: Separation Analysis: Accident could
of fissile material and HE assemble weapon by

and electrical isolation operating motor or by
| mechanical damage




Sealed-pit Weapons _ % _
1957

High-explosive

«Safety Theme: Electrical

isolation and one-point =g
safety

Analysis: Accident could -
generate firing signals;
not one-point safe

QAIAISSVION,
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EVOLUTION OF NUCLEAR SAFETY

EXCLUSION REGION

WEAK LINK/STRONG LINK
SEALED PIT UNIQUE SIGNAL
AVE | NEW DESIGN
SYSTEMS . om_qmm_ 5 DESIGN CONCEPT
.
2 PERSON 16°/10°
wuwmmﬁ CONCEPT  pALOMARES
STUDIES 100/10° B61-5

ESD'S
Z Q
> =
W.H N T N R B B >
N 1856 1958 1960 domn 1 ooa ._ cmm 1 omm d o.so d cﬂn d o.: d 0.3 d oﬂa d 0ao d wmn %
& 4 2

o <

(=]
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Early Electrical Isolation Safety
Features

1950 - 1970

e Removable safing plugs

e Circuit board and cable isolation

e« Removable or external power m:_o_o__mm
‘« Ready-safe switches

e Thermal fuses

o Environmental mm:m_:m n_m<_omm
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Environmental mmsmm:m Umso.mm
(ESDs)

An open switch in the prearming circuits.

It is closed after sensing an environment
experiences by the weapon system when

enroute to the target.
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Nuclear Weapon
Accident--Definition

DOD Directive 5100.52

"An unexpected event involving nuclear weapons or nuclear components that
results in any of the following:

(1) Accidental or unauthorized launching, firing, or use by U.S. forces or U.S.
supported allied forces of a nuclear capable weapon system.

(2) An accidental, unauthorized, or ::mxu_mm:ma nuclear detonation.

(3) Non-nuclear detonation or burning of a nuclear weapon or nuclear component.
(4) Radioactive contamination.

(5) Jettisoning of a nuclear weapon or nuclear component.

(6) Public hazard, actual or perceived.”
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Accidents (mainly air-delivered systems)
eventually led to reexamination of the
premature nuclear yield criteria and to the

_o_.mmmz.:._:o_mm_.n_mﬁo:mﬁmo:m&méamm.m:
criteria. |

QAIAISSYIINO
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Need for a Safety Process

« As the deployment dates for sealed pit weapons approached,

the Armed Forces Special Weapons Project (AFSWP) and the

Services became uncomfortable with their lack of knowledge
and understanding of weapon safety designs.

« 1957, AFSWP convened a safety Board to examine the sealed pit
weapon systems becoming available.

ﬂ..

| Z,

« Between 1957 and 1960, the Air Force convened joint safety @
study groups as weapons entered the stockpile. mm
mw e A formal, Joint DoD/DOE Nuclear Weapons System Safety e
ﬂ ‘process was established in 1960. 2
- -

® X _
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DoD/DOE Nuclear <<mm,_uo: Safety

_uqonmmm

« Joint Safety Study of Each <<mm_uo= m<m$3 and
Operational Concept

- Determine if Weapon System Meets the 4
Qualitative Standards

~Develop Operation Safety Rules
and

-Ensure Maximum Safety Consistent with
Operational Requirements

CALAISSVIO
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1968 -- DoD/DOE Agree on
Premature Nuclear Detonation
Design Safety Criteria

« The probability of a premature nuclear detonation
due to component malfunctions, in the absence of
any input signals except for specified (e.g.
monitoring and control), shall not exceed.

Wﬂw (1) For normal storage and operational 5 m
[ environments described in the STS, 1 in 10% per ®
mw weapon lifetime. m
=8 _ Z
L1 (2) For the abnormal environments described in the 2
< STS, 1 in 100 per weapon exposure or accident. =
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w 1968 -- DoD/DOE Agree on
One-Point Detonation Design Safety
Criteria

One Point Safety

a. In the event of a detonation initiated at any one
point in the high explosion system, the
probability of achieving a nuclear yield greater
than four pounds TNT equivalent shall not
exceed one in one million.

b. One-point safety shall be inherent in the nuclear
design, that is, it shall be obtained without the
use of a nuclear safing device.
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Conclusion of Stockpile mEo_<

, New approach to nuclear
weapon safety needed
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Safety Goals for Abnormal
Environments

‘¢ Assured, predictable, safe response of the warhead

electrical system

e Maintain predictable, safe response until intended
use ,

« Minimize safety critical components and
dependence on knowing accident scenario
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Modern Nuclear Safety -- The 4 I's

e Isolation
Barriers
s Stronglink switches
o Incompatibility
Unique signals
e Inoperability

Co-location of stronglinks and Emmx__sxm
_=n_m_um=n_m=om of safety m:_um<m~m3m

......




MORE SPECIFICALLY THE m>_...m._.< GOALS ARE TO

Prevent
Unintended Unintended :.
Nuclear _ Plutonium
Detonation Dispersal

(not initiated
by detonators)

the Weapons
Detonator

-

_vf,.”«.m._._a

‘-

Mo From From From

M ., Energy Firing HE Detonation HE Detonation Combustion
b
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MODERN SAFETY DESIGN PHILOSOPHY

Co-locate detonation-essential components and
protect them from abnormal environments by an

exclusion region

Nuclear Safety Theme
EXCLUSION REGION

Barrier
Material

Nuclear
Subsystem

9
. ‘,“,,_
b

4

Firing

V Subsystem

1Y

T “

Exclusion
Region

¢
b
«
s

«r

b
{72
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MODERN SAFETY DESIGN PHILOSOPHY (cont)

Allow energy/signals into the exclusion
region only through a strong link

Nuclear wm:mQ Theme
STRONG LINK

Strong
Link

N

Firing Nuclear
Subsystem Subsystem
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MODERN SAFETY DESIGN PHILOSOPHY (cont)

Control the strong link(s) with a unique signal --
not duplicated elsewhere in the system

Nuclear Safety Theme

UNIQUE SIGNALS
WNCR R |
Unique Signal y
Aw Unique * | Discriminator @
o Slgnal Driver "1 Firing Nuclear -
Generator ] Subsystem Subsystem >
" Arming —» tn
& _ _ L
w | Firing —» ﬂm
® -
Ry =]
=) <
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MODERN SAFETY DESIGN PHILOSOPHY (cont)

Finally, to address credible but catastrophically
severe environments, co-locate weak link

detonation-essential components which will
predictably become inoperable prior to the

barrier or strong links losing their integrity.

Nuclear Safety Theme

WEAK LINKS

Z

Q

Firing Nuclear ﬂl
Subsystem Subsystem UV.
2

Weak Weak E :
links links rj
[o—)

(]

-
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BECAUSE THE REQUIREMENT
(LESS THAN ONE-IN-A-MILLION)

IS QUITE STRINGENT

Nuclear mm_.*mé Theme
e TWO SAFETY SUBSYSTEMS ARE USED

Human
" Intent

) Unique Signal
L |
v _ [
£ Firing Nuciear
- > SL1 _\IV SL2 ‘ Subsystem Subsystem
- _ Weak Weak
-

o Links Links
D , _

= [ > | L

Environmental A

.y Unique Signal f/ %@

Gl (PREARM) AV

=S : Exclusion

i Arming Regions

e &

- Firing
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Prevent
Unintended Unintended
Nuclear Plutonium
Detonation . Dispersal

From

From . . From
Energy Firing HE Detonation\ HE Detonation Combustion
the Weapons (not initiated

Detonator by detonators)
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Prevent
Unintended . Unintended
Nuclear Plutonium
Detonation Dispersal

Z
”; From From . . From >
W\M Energy Firing HE Detonation HE Detonation Combustion @7
r.w_m Detonator by detonators) M
(1 -
- -




"Failure to correct actual or perceived deficiencies in
the areas of safety, security, and command and
control can result in constraints being imposed on
our nuclear forces that could greatly reduce their
deterrent value."

April 24, 1975 White Paper distributed by ATSD (AE)
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Prevent
Unintended | Unintended
Nuclear | Plutonium
Detonation Dispersal
From . From From
Energy Firing HE Detonation HE Detonation Combustion
Detonator by detonators)
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Figure 2.

Unique Signal Format
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Pantex Plant Statistics
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