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SURVEY OF WEAPONS DEVELOPMENT AND TECHNOLOGY

WR708
Day Time Session Title Instructor
Monday 8:00 - 12:00 1 Course Overview - introduction Hogan
2 Physics - Explosion Theory Hogan
1:00 - 4:00 2 Physics - Explosion Theory (cont) Hogan
3 Nuclear Effects Hogan
Tuesday 8:00 - 12:00 4 High Explosives - Detonators Hogan
5 Fission Hogan
1:00 - 4:00 5 Fission (cont) Hogan
6 Thermonuclear Hogan
Wednesday 8:00 - 12:00 6 Thermonuclear (cont) Hogan
7 Safety Layne
i
1:00 - 3:00 7 Safety (cont) Layne [;j_j
8 Use Control - Access Control Layne P
3:00 - 4:00 9 Weapons Systems Rogulich ',
- Thursday 8:00 - 9:00 10 Dismantlement Hogan Ev‘ .
o 9:00 - 11:00 11 Arming, Firing and Initiation Curtis b
bt 11:00 - 12:00 12 Nuclear Testing Hogan % .
iz 1:00 - 4:00 13 Transfer Systems Robinson ?
};-‘ 14 Fuzing Hartwig ,,,"
! 15 Arms Control Layne b
L:”Q Friday 8:00- 9:00 15 Arms Controls (cont) Layne =
;i“! 9:00 - 10:00 16 Non-Proliferation/Counter Proliferation ~ Taylor
}‘;’}j 10:00 - 11:00 17 Stockpile Matters Layne
;,;_;';“’4 11:00 - 11:15 Summary Hogan
&
tkj 12:00- 3:30 18 Nuclear Weapons Musuem Tour Hogan
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WR708 - Course Objectives
What We hope you learn

*The nuclear physics principles

*Nuclear weapons engineering implementation

eDepth and breath of the nuclear weapons program

*Principles of nuclear surety

*Surety as implemented in the enduring stockpile weapons
eOperation of the enduring stockpile weapons
*Similarities/differences of the weapons

eThe evolution of nuclear stockpile over the last 50 years

«The principle drivers of the nuclear stockpile over the last 50 years

eNuclear weapons subsystem components and their evolution

Y
’J;.e.

AT
bals s

e T NNT Y




Course Themes

e Stockpile surety

o Stewardship

o Historical teaching approach
o Extensive use of hardware

 Survey of almost all aspects of nuclear
weapons
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OVERVIEW (Continued)
gﬂ e There have been weapon system, aircraft and
»;:ﬁl; missile trades which have over the last 50
{ |

years driven the nuclear weapons community

a to design smaller, lighter, yet higher-yield
L weapons.

] e A systems engineering approach is required
when viewing nuclear weapons.

e Arms control is a major driver for weapons
reduction.

e History and early weapon development is

extremely important to the understanding of
third world proliferation.
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Nuclear Weapons Development Drivers

Nuclear surety

Service Requirements/weapon system interfaces
— less manpower intensive
— less weight and volume

National security strategy/policy
— United States

— — CINC’s |
7 ~ NATO g;j
¢ . e
- Arm; .control o
oE — limit technology -
{ ‘ ~ limit growth ;5,,
€ ,_;3 — eliminate categories E ;
"'7""2 — reduce numbers F
- [
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National Security Strategy: Deterrence

Decade Implementation

1950 Massive Retaliation

1960 Flexible Response

o

-3 1970 Flexible Response s
- C2
C 1980 Flexible Response o
: }; 1990 Last Resort F
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SIGNIFICANT HISTORICAL EVENTS RELATIVE TO
NUCLEAR WEAPONS

-

bt
7
2
- YEAR 1940 1945 1950 1955 1960
b
b PRESIDENT F.D. Roosevelt Truman Eisenhower Kennedy
(4 . .
) USSR LEADERS Stalin . Malenkov| Bulganin ! Khrushechev
.l : . R i
" 5 ﬂgﬁg&?@g‘[ World Warll | | French-Indochina War | Cuban Civil War. -
ood EVENTS # Pearl Harbor Palestinlan War | Korean War | % SuezCrisis + First Titan Launch
- “WARS #* Guadalcanal T . * U-2 Shot Down
— # Invasion of Sicily + Berlin Airiit #* Soviets Invade Hungary
* gitr?fﬁgt . + MacArthur Retumns to Philipines + Soviets Test ICBM  + Berlin
Crisis * D-Day 3 Soviets Explode A-Bomb +First Atlas Launch  + Cuban
% Happenings * Battle of the Buige e British Explode A-Bomb # Bay of
& Nucloar * Iwo Jima B United States Explodes First H-Bomb  Pigs
¥ Related % Hiroshima and Nagasaki & Soviets Explode H-Bomb 8 French Explode
} b ! ] ! H (] l 1 1] 1 ] 1 { L { 1 { ] i ) 1 i
JetAircraft ~ First Rocket to Escape Atmosphere | otolite Carmemtimicat;
WEAPONS | (centrifugal-flow turbojet) Sound Barrier Broken Sa‘e”""",,ffg;;?‘;;‘ %?:SJ?;
A eEs Retarded Bombs Transistors Laser
ADVA Target Marking Munitions Experimental Ramjet Aircraft -
Radar Bombing Pulsejet Aircraft Modern Cryo | 3
Radio Proximity Fuze Guided Air-to-Air Rockets i
V-1 Cruise Missile Maser .
Nuclear Reactor Mach 2 Powerplants Pt
Radio Controlled Glide Bomb Radar Guided Air-to-Air Missile P
Hardened Targets Weapons Inertial Navigation rﬁ:
V-2 Ballistic Missile _ IR-Guided Air-to-Air Missle {a?
Axial-Flow Turbojets Radio Controlled Air-to-Ground| (<2
Pulse Jet Missile (V-1 "Buzz Bomb") Missile , -
Aircraft Rockets Turbofan Engines £y
Radar Controlled Glide Bomb Mach 3 Powerplants F 3
]

11
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SIGNIFICANT HISTORICAL EVENTS RELATIVE TO

x%/
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196| | 1970\ 975 980 985 1990
Johnson l Nixon Ford Carter Reagan Bush
Andropov
Kosygin-Brezhnev Brezhnev| Chernenko Gorbachev " Yeltsin
- Vietnam War ] [ Sovlet Intervention In Afghanistan | Sﬁ,ﬁ’
® Soviets Invade Czechoslovakia 4 Israeli Planes Destroy Iraql Reactor tv NATO
eapon
Over Soviet Union # India Explodes A-Bomb Reduct‘t%ns
Crisis + huttle Flight Program Begins +
Aisslle Crisl Space Shuttle Flight Program Beg Strateglc Arms
Misslle Crisls 4 Columbia Makes First Limitation
Shuttle Flight into Space Treaty (START)

€& Chinese Explode H-Bomb
-+ % Chinese Explode A-Bomb

+ Intermediate Range
Nuclear Forces Treaty
] I } |

3 H 1 i } I !
T T T T T T T T T

\
L.82mb

- |
. T l! I E \l' } } % {' L T

Fiber Optics
Large-Scale integrated Circults

cenics Leads to Development of Infared Technology

Particle Beams

Antiradiation Missile Very Large-Scale integrated Circuits
Ring-Laser Gyros

TV-Guided Glide Bomb
Low-Observable (Stealth) Technology

b
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-
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Strategy, Arms Control, and Weapon Systems Technology Drive
Stockpile Requirements

Strategy Threat Tech. Size/WH. Yield Arms Number
Control
1950 Global A/C & Large Very high Very limited Growing
Massive missiles talks
retaliation inaccurate
1960 Global A/IC & Decrease Decrease Limited Growing
Flexible Theater missiles talks
response improve
1970 Global A/C & Decrease lactical SALT ABM Decline
Flexible Theater missiles even more needed limitations
response improve lower yields
accuracy
1960 Global AlC & Large Continued Mutual Decline
Flexible Theater missiles decrease decrease elimination more
response very & reduce
accurate
1990 Theater AlC & - Remain Remain Large cuts Large
Last resort Global missiles smali same mutual reduction
very elimination/
accurate unilateral
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Fission Primaries

IMPLOSION

GUN TYPE
Cj l
e
C 8§ ¢
tw—oé
H = -
b
- p | N
E g Critical Mass Achieved Critical Mass Achieved with

with Compression from HE "Lots of Special Nuclear Material"
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Fission Primary
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Detonators Required to Original Detonators C
Fire the HE | Large



Basic Electronics Needed to Fire the Detonations
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FIRE SET POWER SOURCES
Evolved from Large to Compact . Originally Lead Acid (car battery style)

Evolved to Thermal Batteries

17
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Additional Elements Required for

Detonation
- i
; '\O/"
&,
)‘«,_wmt
i :
=
&5
)
Neutron Source
*Height of
Burst

°Impact



Basic Elements of a Nuclear Weapon
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GAS BOOSTING

- INITIAL FISSION RAISES BOOST GAS TO FUSION TEMPERATURES

- DT REACTIONS RELEASE A FLOOD OF HIGH ENERGY NEUTRONS
FOR FISSIONING OF Oy AND/OR Pu
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DIVISION OF RESPONSIBILITIES

AN LA A
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PARACHUTE ARMING

SUBSYSTEM}

FIRING

SUBSYSTEM | [SUBSYSTEME

EXTERNAL :
NEUTRON
INITIATION | . -
SUBSYSTEM
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WARHEAD g‘“*
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TERMINOLOGY

NUCLEAR PACKAGE PRIMARY/SECONDARY
PHYSICS PACKAGE (Includes High Explosive)

NUCLEAR WARHEAD 3 NUCLEAR PACKAGE &
WEAPON ELECTRICAL
SYSTEM & PLUMBING

NUCLEAR WEAPON E> NUCLEAR WARHEAD &
ARMING & FUZING &
AERODYNAMIC CASE,
ALSO REENTRY VEHICLE

NUCLEAR WEAPON SYSTEM [:> NUCLEAR WEAPON & DoD
DELIVERY SYSTEM

- THE TERM NUCLEAR DEVICE USUALLY IMPLIES A TEST WARHEAD BUT
IS SOMETIMES USED IN A PLACE OF EITHER
NUCLEAR PACKAGE OR WARHEAD

- THE ARMY USED THE TERM NUCLEAR WARHEAD SECTION TO INCLUDE WARHEAD
+ AK + BALLISTIC BASE

23
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WEAPON PROGRAM OBLIGATIONS

STOCKPILE MANAGEMENT:
MAINTENANCE OF THE NATIONAL STOCKPILE OF NUCLEAR WEAPONS IN A SAFE,

SECURE, RELIABLE, READY CONDITION

WEAPONIZATION:
DEVELOP AND PRODUCE NUCLEAR WEAPONS FOR STOCKPILE AS JOINTLY

AGREED TO BY DOD & DOE AND AS AUTHORIZED BY THE PRESIDENT

| . c
AﬂnyAPON TECHNOLOGY: b
) PURSUE TECHNOLOGY IN THE SCIENCE & ENGINEERING OF NUCLEAR WEAPONS SO ?3
CY THAT OUR UNDERSTANDING & ABILITY TO DEVELOP IS SECOND TO NONE ;‘ﬁf,:—-;»
P
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As the nuclear weapons systems integrator for

the DOE, Sandia has responsibility for:

°Fire set development--neutron generator, batteries, capacitors, etc.
eElectrical & mechanical interface compatibility

eElectrical detonation safety

eUse control & use control equipment

eHandling and aneillary equipment

eStockpile surveillance (reliability)--testing & evaluation

eMilitary training & manualis

°Field support

*Weapon systems (including DoD hardware) independent evaluations
*DOE & DoD security facility upgrade

«Safe secure trailers (total life cycle) & DOE courier training
eNeutron generator production
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SANDIA-DOE/DOD INTERFACES
WEAPON PROGRAM

DOD
[
[ I I ]
MILITARY
DOE NWC USDR & E DEPARTMENTS JCS
DEFENSE - a’;\%%",‘fl_& DNA
‘
PROGRAMS @1\?«“ ATSD (AE) COMMANDS l
0‘)\9 | FIELD
\2
MA LOCAL AGENCY COMMAND
\ REPRESENTATIVES DNA
AL
ALLIED-SIGNAL OoRO
KANSAS CITY MARTIN MARIETTA
Y-12 SANDIA
NATIONAL —
SRO LABORATORIES —
L
- PINELLAS WESTINGHOUSE P
i SAVANNAH )
S EG&G LAWRENCE E‘”"
ALAMOS LIVERMORE T
TON !
E DAY NATIONAL NATIONAL ;o
%’”’i MASON & HANGER » LABORATORY LABORATORY ; p
'éo, AMARILLO € ij
Nl ot
bt
o EG&G ©
) i
E—U ROCKY FLATS C._j



Rocky Flats
Golden, Colorado
-Historical Context-

Contractor: EG&G

Principal Missions: Fabrication of beryllium,
C»%

plutonium on uranium alloy;
%") Plutonium recovery and
. research;
g}) Fabrication of pressure
- - vessels
)
27
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Kansas City Plant
Kansas City, Missouri

Contractor: Allied-Signal

Principal Missions: Fabrication and assembly of
electrical, electronic,
electro-mechanical, precision

- mechanical, rubber and plastic
L components;

CNA) - L

- Heavy machining
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Y-12 Plant

Oak Ridge, Tennessee

Contractor:

Principal Missions:

Martin Marietta

Fabrication of test and
stockpile secondary
assemblies;

Fabrication and research in
uranium;

Machining

SYIoNA

~
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Pinellas Plant
St. Petersburg, Florida

Contractor:

Principal Missions:

Martin Marietta speciality
components, inc.

Neutron generators, thermal
batteries, Radioisotopic
Thermoelectric Generator
(RTGs), lightning arrestor
connectors, capacitors,

‘neutron detectors

i yryy
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Savannah River Plant
Aiken, South Carolina

Contractor:

Principal Missions:

Westinghouse

Production of tritium and
plutonium;

Fill reservoirs with tritium

a
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Pantex Plant
Amarillo, Texas

Contractor:

Principal Missions:

Mason and Hanger

Fabricate high explosive
system;

Final assembly, disassembly
and retirement of weapons

ION(

TN
STOR S A




34

Historical Pressure on Nuclear Designs

PEACETIME WARTIME
EMPHASIS EMPHASIS
SAFETY SURVIVABILITY
DELIVERABILITY
IMPROVE SECURITY EFFECTIVENESS
FLEXIBILITY
- CONTROL BATTLE
r MANAGEMENT
g? MAINTENANCE REACTION TIME S‘;’“‘j
:j 4
7 REDUCE MOVEMENT OPERATIONAL €2
2 CONSTRAINTS E
ki TRAINING COLLATERAL 3
’& 3 DAMAGE )
-
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PHASE 1 CONCEPT FORMULATION

(01)

TECHNOLOGY
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Phase 1 - Weapon Conception

D

m

Continuing studies by DOE agencies. Studies may be
informal and independent from DoD or may be con-
ducted jointly with DoD. May result in the focusing of
sufficient DoD interest in a modification of a present

weapon or in the development of a new type weapon to
warrant formal study.

DoD

Continuing studies by DoD agencies. May be inde-
pendent of the DOE or may be conducted jointly with
DOE. Sufficient attention may become focused on an
item to warrant a formal program study. DoD requests
DOE to make a program study on a new idea for a
weapon or component or may initiate its own study.
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PHASE 2 FEASIBILITY

(92)

= IDEAS

MILITARY

SERVICE
DESIGN ALTERNATIVES

MAJOR IMPACT
REPORT

37
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Phase 2A VALIDATION
e SELECT
((PZ A) BASELINE

DESIGN & LAB

(DESIGN TEAM SELECTION ) * SCHEDULE

» WEAPON DESIGN
& COST REPORT
(WDCR)

-

e

1 @

2 .

&S >

=< DESIGN @

>  ALTERNATIVES — \ .

P NUCLEAR b

et P

= LAB L)
[
=1
-



Phase 2A - Design Definition and Cost Studies

A DOE design team will normally be selected and a Project Officer Group will be formed. The
POG will conduct trade-off studies to identify baseline design(s) which best balances resources and
requirements. Review and revise draft MCs and STs. Establish tentative development and produc-
tion schedule and division of responsibilities. A Weapon Design and Cost Report will be prepared.
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Phase 3 ENGINEERING DEVELOPMENT

(93)

TESTED DESIGN

THAT CAN BE
DOD MANUFACTURED
DEVELOPMENT ,
REQUEST A
—& \ MILITARY v NUCLEAR
SERVICE , LAB
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Phase 3 - Development Engineering

DOE

Launches a development program based on re-

Buired military characteristics. Produces prototypes for
OE_and DoD evaluation.

Provides development specifications to DoD as
they become available.

- Determines the developmental design release date
b and submits a final report on the development design to
<4 the DoD.
@ o
- 3
}‘:T"‘“* DOD Z Ji
P.,w‘“ ’ f
{72 Maintains liaison with DOE field agencies and con- ¢
{2 ducts independent evaluation of prototypes as consid- -
- ered_necessary. - b
Loy Studies the development specifications of the §
b wea}:pon design and gives appropriate guidance to the s
€ DOE. | N
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froes o
[
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Phase 4-6 PRODUCTION

(P4-06)
@KY FL@
<BENDIX>

@RlDGE@
D WEAPON
- PANTEX
—®  DELIVERED
A NUCLEAR r
LAB TO DoD
Qoum)

-

P,-_

e
GNELLAD
SAVANNAH RIVER

o Historical Production Complex
« Reconfiguration Will Impact
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Phase 4 - Production Engineering

DOE

Proceeds with production engineering of weapon, tooling, and
layout of manufacturing facilities, without waiting for formal com-
ments of DoD on the developmental design. Such guidance is
integrated when received. Further prototype evaluation is per-
formed during this phase.

Prepares product specifications for production release and
furnishes these specifications to the DoD for review.

DoD

Reviews product specification. '

Maintains liaison with appropriate DOE agencies on product
design changes and specifications and gives appropriate guidance
to DOE.

Continues evaluation of prototypes as considered necessary.

Phase 5 - First Production

DOE

Initiates manufacture of weapons according to product specifi-
cations by production tools, without waiting for DoD’s comments
on product specifications. DOE performs own evaluation and on
basis of preliminary evaluation releases weapons to DoD for test-
ing, training, and other purposes. Makes final evaluation and ap-
proves weapon model as suitable for standardization.

DoD

Completes operational suitability tests and makes indepen-
dent evaluation of production type weapons. If weapon as de-

signed, produced, and approved by DOE is satisfactory, approves
the weapon as standard.
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Phase 6 - Quantity Production and Stockpile

DOE

Bringé various production facilities up to full production pursu-
ant to DoD requirements. Maintains production, inspection and

quality control programs to ensure that each article produced meets
specifications.

Maintains quality assurance and functional surveillance pro-
grams to ensure the continued quality of weapons in stockpile, in
accordance with current agreements with respect to stockpile opera-

tions. These programs and the data obtained thereof will be made
available to the DoD.

o

oD

Maintains liaison with DOE agencies at production facilities.
Continues appraisal of weapon performance.

Maintains liaison with DOE to review performance and technical
advances in anticipation of modernization changes.

Reviews DOEs quality assurance and functional surveillance
pPrograms and results and submits appropriate comments and rec-
ommendations to the DOE. Maintains functional surveillance pro-

gram in accordance with current agreements with respect to stock-
pile operations.
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Phase 6 STOCKPILE SURVEILLANCE

(96)

MILITARY
SERVICES

ASSURED
STOCKPILED WEAPON
INTEGRITY

PRODUCTION
COMPLEX
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Nuclear Weapon Life Cycle

(The following pages are for
reference. Not all of the material will

be presented during the briefing)
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WEAPON DEVELOPMENT

PHASE 1 PHASE 2 PHASE 2A
CONCEPT FEASIBILITY DESIGN DEFINITION
DEFINITION AND COST

PHASE 3

DEVELOPMENT
ENGINEERING

PHASE 4
PRODUCTION ENGINEERING

PILOT PRODUCTION
& TOOL MADE SAMPLE

PHASE 5

FIRST
PRODUCTION

INITIAL BUILD
AND EVALUATION

PHASE 6

QUANTITY
PRODUCTION
& STOCKPILE

Z

INITIAL
OPERATIONAL

CAPABILITY (10C)

PHASE 7

RETIREMENT
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| Phase 1 -- Concept Definition

Initiation: Informal agreement between participants to
undertake study

- Purpose: Study a Service requirement or DOE technological
b breakthrough/innovation for weapon application -
| g Organization: Joint DoD/DOE Study Group with appropriate gi
B9 working groups. (Note: it can be a DOE or Mo
e DoD-only study group.) Working Groups: Surety, gfg
= : Requirements Analysis, Mission Analysis, b
U Warhead Design, and Systems Engineering ;33
&

Deliverables: Phase 1 Study Report [In some cases: Draft
Military Characteristics (MCs) & Draft
Stockpile-to-Target Sequence (STS)]
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Phase 1 Activities

Military Characteristics

Warhead performance requirements
Warhead physical characteristics

Iiequirements for nuclear safety

~IONA

T TN
Toow o, .ﬂ. 3 _‘&u;\)



50

Phase 1 Activities

Stockpile-to-Target Sequence

Logistical employment concepts

Operational employment concepts

Nl A |

TILATSSYIONA
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b

Normal & abnormal environments applicable to MC
safety requirements
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Phase 1 -- Concept Definition

Initiation: Informal agreement between participants to undertake
study
Purpose: Study a service requirement or DOE technological

breakthrough/innovation for weapon application.

Organization:  Joint DoD/DOE Study Group with appropriate working
groups. (Note: it can be a DOE or DoD-only study group.)
Working Groups: surety, requirements analysis, mission
analysis, warhead design, and systems engineering

Deliverables: Phase 1 study report [In some cases: Draft Military
Characteristics (MCs) & Draft Stockpile-to-Target
Sequence (STS)]

Duration & Cost: Normally 1 year and low cost
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Phase 2 -- Weapon Feasibility

Initiation: Formal request from DoD [ATSD (AE)] to DOE to participate with
DoD in study.

Purpose: Develop various weapon alternatives to fulfill service

requirements.

Organization: Joint DoD/DOE Study Group with appropriate working groups.

[Sometimes a Project Office Group, (POG) is formed.] Working
Groups: Surety, requirements analysis, mission analysis,
warhead design, and systems engineering.

Deliverables: Phase 2 study report with warhead alternatives
Draft Military Characteristics (MCs)

Draft Stockpile-to-Target Sequence (STS)
Nuclear Safety & Use Control Themes

Major Impact Report (MIR)

Decision Cost Estimates

Duration & Cost: Normally 2 years and low cost.

Parallel DoD Activities: Milestone 1 Concept Demonstration Approval precedes Phase 2.
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Phase 2A -- Design Definition & Cost

Initiation: Normal included as part of Phase 2 authorization. If

not, then formal ATSD (AE) request to DOE is required

Purpose: Develop a definitive cost estimate of the selected

warhead design

Organization: Formal Project Officers Group with appropriate

subgroups. Subgroups: Safety & Surety, Maintenance
& Logistics, Command & Control, Military

Characteristics, Interface, and Stockpile-to-Target
Sequence, among many

Deliverables: Phase 2A Study Report

Final Military Characteristics (MCs)

Final Stockpile-to-Target Sequence (STS).
DoD/DOE Memorandum of Understanding

Duration & Cost: Normally 6 months and low cost
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Phase 3 -- Development Engineering

Initiation: ATSD (AE) formally passes MCs, STS, and MOU to DOE/DP
requesting their acceptance and requesting DOE participation in
Phase 3 activities

Purpose: Develop a finalized and tested weapon design that meets MC and
STS criteria, and that can be produced by the DOE production
complex

Organization: Formal Project Officers Group with appropriate subgroups.

Subgroups: Safety & Surety, Maintenance & Logistics,

“‘ﬁ..‘ ‘

oA

o j Command & Control, Military Characteristics, Interface, and
@) Stockpile-to-Target Sequence, among many

-

-

!{1}2 Deliverables: Phase 3 Study Report

(”,lf') Final tested weapon design to include all required H & T gear.
o

'y
E‘ 3 Duration & Cost: Normally 2.5 - 3 years and high cost

i .
&

Other Activities: DRAAG begins its activities, reviews PWDR. JNWPS manual
begun
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| Phase 4 -- Production Engineering

Purpose:

Duration & Cost:

Other Activities:

DOE production complex
determines how it will produce the
warhead. DOE production complex
tools up necessary production lines

Normally 2.5 years and high cost

All weapons manual produced
First generation training of military
initiated

DRAAG continues its activities,
reviews IWDR
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Phase 4 Activities

DOE Production Complex

Allied Signal, Kansas City Division
Location: Kansas City Missouri
DOE Contractor: Allied Signal Corporation
Product:

Non-nuclear electrical, electronic,

electromechanical, mechanical, plastic, and
nonfissionable metal components

Pinellas - Neutron detectors, LACs, among
others

Rocky Flats - Reservoirs and SST
construction

Mound - Flat & round cables and ACORNS

yI0N0
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Phase 4 Activities
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Phase 4 Activities

DOE Production Complex

Savannah River Plant

Location: Aiken, South Carolina
DOE Contractor:

Westinghouse Corporation
Product:

Tritium, special isotopes, targets, and naval
YA reactor fuel material
@

. Fill boost reservoirs and ship them to the
g military

P

{

P Mound - Gas transfer systems
-
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Phase 4 Activities

DOE Production Complex

Sandia National Laboratories

rrYM 5T "1
“ ‘v iu’ﬁ-"‘

% 2 R
o

Location: Albuquerque, New Mexico
DOE Contractor:

Lockheed-Martin Corporation
Product:

Pinellas - Thermal batteries, neutron

generators, CAP assemblies, capacitors, and
frequency devices/clocks
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Phase 4 Activities

DOE Production Complex

Los Alamos National Laboratory
Location: Los Alamos, New Mexico

S DOE Contractor: University of California

¢35 Product:

L Pinellas - Neutron tube target loading

g'g Rocky Flats - Beryllium technology and pit
- support functions

ﬁ Mound - High power detonators and

t J calorimeters
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Phase 4 Activities

DOE Production Complex

Pantex Plant
Location: Amarillo, Texas

DOE Contractor: Mason & Hanger
Product:

¢

¢ _

e Explosive components

g?( Assemble all nuclear weapons
N Disassemble all weapons

e

b

b

[]

-
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| Phase 4 -- Production Engineering

Purpose: DOE Production Complex
determines how it will produce the
warhead. DOE Production Complex
tools up necessary production lines

Duration & Cost: Normally 2.5 years and high cost

Other Activities: All weapons manuals produced

First generation training of military
initiated

DRAAG continues its activities,
reviews IWDR
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Phase 5 -- First Productidn

Purpose:

Produce initial products for new
material evaluation testing. Refine
production lines as a result of new
material testing. Increase

production rate to that required in
Phase 6

Duration & Cost: Normally 6 months and low cost

Other Activities: DRAAG completes its activities.

Nuclear certification of receiving
service units
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Nuclear Weapons Safety Study Group (NWSSG)

Chaired by Representative Service

Membership includes DOE, Defense Nuclear Agency, and
representatives from Service Operational and Developmental
Commands

Performs Safety Studies
Initial Safety Study - as early as possible in weapon
development
Pre-operational Safety Study - at least 120 days before 10C
Operational Safety Review - within 2 yrs of fielding and
every 5 yrs thereafter
Special Safety Study - whenever system changes or
problems require it
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Phase 6 -- Quantity Production & Stockpile

Purpose: Produce War Reserve (WR) warheads in
quantities directed by the Nuclear

Weapons Stockpile Memorandum (NWSM)
to support military 10C

Other Activities: Operational activities
Logistics activities
Nuclear accident/incident activities

Technical inspections of nuclear-certified
units

Stockpile quality assurance and
reliability testing

Weapon modifications and retrofits

Inactive stockpile

JHTIISSVIONA
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Phase 6 Activities

Nuclear Weapon Operations

Nuclear weapon stockpile demonstrable element of nuclear

deterrent strategy
Ability to em ploy effectively

Surety
Deployment
Peacetime threat Peacetime storage
Wartime threat Wartime storage
g* Employment

Rigorously controlled process
‘Presidential release to a unified commander
Conveyance of presidential release to executing commander

Execution of nuclear mission by delivery units
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Phase 6 Activities

Nuclear Weapon Operations (cont.)

-

'é”’ Command and Control _

t—-% Provides critical link and positive control by the President
? Designated communications systems

(rﬁ Specific authentication procedures and codes

by

s

o

t-5 Training

D88

Ensure maximum unit and force readiness
Exercises are still conducted

Personnel Reliability and Assurance Program

Ensures highest possible standards of individual
realiability

DoD (PRP) DOE (PAP)

67
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Phase 6 Activities

Logistics Activities

Transportation
Logistic movements (DOE and DoD)

| Operational movements (DoD)
g Safety and Security are important considerations
(——4

Storage
DOE DoD Security Areas

‘™ Maintenance
Normally accomplished by the custodial service

Accomplished at weapon storage area maintenance facilities
or in maintenance trucks (USAFE)
LLCE--boost reservoirs, neutron generators, RTGs
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Phase 6 Activities

Accident/Incident Activities

Cj Nuclear Weapon Accident--unexpected event involving:

F Accidental or unauthorized launching, firing, or use by US forces or U.S. supported
pln) allied forces of a nuclear capable system

(2 . : : :

t—<| An accidental, unauthorized, or unexplained nuclear detonation

D> Non-nuclear detonation or burning of a nuclear weapon or nuclear component
(N Radioactive contamination

$34 Jettisoning of a nuclear weapon or nuclear component

| Public hazard, actual or perceived

b

[]

Nuclear Weapon Significant Incident--unexpected event involving:
Evident damage to a nuclear weapon
Immediate action for safety or security
Adverse public reaction

A situation that could lead to a nuclear weapon accident

Accident/Incident Response Preparation
DoD (EOD) and DOE (ARG) personnel continuously trained
EOD manual and ARG procedures kept updated
Joint DoD/DOE Accident/Incident training exercises held

69
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Phase 6 Activities

Technical Inspections

Performed by Service or Field Command, Defense Nuclear
Agency teams

Conducted at least annually
Used to recertify nuclear capable units

Emphasis on safety as well as operational requirements
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Phase 6 Activities

Stockpile Quality Assurance and Reliability Testing

Begun after the system has been in the field for a year

Consists of two types of testing:
Stockpile Laboratory Testing (SLT)
Stockpile Flight Testing (SFT)

Used to include Stockpile Confidence Testing (SCT), but the UGT Moratorium has
effectively canceled them

Each year test units chosen at random from the active stockpile

Test units disassembled at Pantex Plant
Non-nuclear components tested via SLT and SFT
One nuclear physics package testing non-nuclearly at physics lab

All but one test unit rebuilt and returned to the field

Each Service tests non-DOE system components
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Phase 6 Activities

Weapon Modification and Retrofits

Can be done in the field or at Pantex Plant

Modifications and retrofits usually incorporate new
technology to increase weapon safety and/or reliability
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Phase 6 Activities
Inactive Stockpile (IS)
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Components may be stored to upgrade IS weapons to the status of
the same weapons in the active stockpile
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Phase 7-- Retirement

Purpose:

Other Activities:

To identify warheads to leave the active
stockpile and to be dismantled by the
Doe Productive Complex-

Temporary storage of retired weapons
by military is required as Pantex
cannot accept all retired warheads
Proper disposal of dismantlement
waste stream

Storage of nuclear components at
Pantex due to inability to dispose of

them
Special nuclear material is reclaimed

and retained
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DOD and DOE Acquisition

MENS
APPROVAL DAB DAB DSARC
MILESTONE MILESTONE MILESTONE MILESTONE
0 | 2 3
PHASE 0 PHASE 1 PHASE 2 PHASE Ill
DoD }| cONCEPT EXPLORATION DEMONSTRATION AND ENGINEERING AND PRODUCTION AND
& DEFINITION VALIDATION MANUFACTURING DEVELOPMENT DEPLOYMENT
PHASE 3
Cj REQUEST
g
P Cj
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E PHASE1 | PHASE 2 PHASE 2A PHASE 3 PHASE 5 [PHASE 6 JPHASE 7 ')
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DoD
JCS

OSD

ANNUAL STOCKPILE PAPER

DOE
DEFENSE

PROGRAM
SERVICES

MILITARY
- APPLICATION

PRODUCTION
& PLANNING
DIRECTIVE
(P&PD)

THE PRESIDENT

AL & LABS
LOOKS 11 YEARS AHEAD FOR PLANNING
AUTHORIZED 5 YEARS OF PRODUCTION

AND LONG LEAD PROCUREMENT
DoD & DOE MAY ADJUST UP TO 10%
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REFERENCES

AN AGREEMENT BETWEEN THE AEC AND THE DoD FOR THE DEVELOPMENT, PRODUCTION, AND
STANDARDIZATION OF ATOMIC WEAPONS. MAR. 21, 1953 - SUPPLEMENT DATED SEPT. 5, 1984.

A MEMORANDUM OF UNDERSTANDING BETWEEN THE ERDA AND THE DoD ON NUCLEAR WEAPONS
DEVELOPMENT LIAISON PROCEDURES. SEPT. 4, 1974.

STATEMENT OF THE DIVISION OF EQUIPMENT AND RESPONSIBILITIES BETWEEN THE AEC AND THE ARMED
FORCES. MAR. 1954 (DMA & ASWOP).

DoD DIRECTIVES 3150.1 AND 5030.55.

FUNDING AND MANAGEMENT ALTERNATIVES FOR ERDA MILITARY APPLICATION AND RESTRICTED DATA
FUNCTIONS. ERDA 97, (SRD) JANUARY 1976.

PLANT MISSION POLICY, PART Il ALO RS3172-3/08333.
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ABM
ACDA
ADM
AEC
AF&F
AFAP
AFWL
AK
(04
ALCM
AL
AMAC
ASDP
ATSD (AE)
AWLPG
Barn
Boosting
Burnt Orange
CAT (A,B,C,D,E, or F) PAL

CD

GLOSSARY

Anti Ballistic Missile
Arms Control and Disarmament Agency
Atomic Demolition Munition
Atomic Energy Commission - then ERDA, now DOE
Arming, Fuzing and Firing
Attillery Fired Atomic Projectile
Air Force Weapons Laboratory - now Phillips Laboratory
Adaptation Kit
Alpha (Neutron Multiplication Rate)
Air Launched Cruise Missile
Albuquerque Operations Office
Aircraft Monitor and Control
Assistant Secretary (DOE) for Defense Programs
Assistant to the Secretary of Defense for Atomic Energy
AL Workload Planning Guidance
Unit of cross section - 10 cm?
The use of deuterium/tritium to increase primary yield
The colors of a well-known outstanding university

Permissive Action Link - code controlled open switch in the weapons arming circuit.
Characteristics as defined in the "General Characteristics" of PAL definition
Command Disable (locally initiated disablement of a nuclear weapon. Not,

certficate of deposit, but can be command destruct
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CDU
CEP
Channel

CHE
CINC
CNWDI

Critical Mass

CTB

DAB

DASMA

Depleted Uranium
Destruct

Disablement

DMA
DNA
DoD
DRAAG
EBW
EMP

79

Capacitor Discharge Unit

Circular Error Probable; circle within which 50% of the weapons are expected to hit
The space around the secondary and between the primary and secondary but inside
the radiation case

Conventional High Explosive (means non-IHE)

Commander-in-Chief

Critical Nuclear Weapon Design Information - a DoD category of Secret RD
information or higher pertaining to sensitive weapon design information; not,
Caught Naked While Driving Intoxicated

The minimum amount of fissionable material capable of supporting a chain reaction
under precisely specified conditions

Comprehensive Test Ban

Defense Acquisition Board

(1

Deputy Assistant Secretary for Military Applications :74
Uranium which has had much of the isotope U?*® removed; essentially U2 ¢ 3
Normally refers to the intentional destruction of a weapon by the high order E ‘
detonation of the weapons HE at a single point VL)
Usually nonviolent actions taken on weapon hardware to prevent normal use. ((3
Disablement and destruct normally differ in degree :3
Directory of Military Application - now DASMA fusiane

Defense Nuclear Agency

Department of Defense

Design Review and Acceptance Group
Exploding BridgeWire (Detonator)
Electromagnetic Pulse

a4
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EMR, EMI Electromagnetic Radiation, Electromagnetic Interference
ENDS Enhanced Nuclear Detonation Safety
Enhanced Electrical Safety = Embodiment of the exclusion region, strong-link, weak-link, unique signal concept (ENDS)
EOD Explosive Ordnance Disposal
EP Earth Penetrator
5 ER Enhanced Radiation - usually neutron enhancement
4 ERDA Energy Research Development Administration - was AEC, now DOE
1 EsD Environmental Sensing Device
J FEBA Forward Edge of Battle Area - now FLOT
FLOT Forward line of troops
FPU First Production Unit
FRD Formerly Restricted Data. Same as RD for foreign nationals
FRP Fire Resistant Pit
w Fuze Component or subsystem that triggers the firing set. Use of fuse will likely
i bring abuse on you from old fuzing heads
FY Fiscal Year
GLCM Ground Launched Cruise Missile
HE High Explosive
HOB Height of Burst - vertical distance from the Earths surface to the point of burst
ICBM Intercontinental Ballistic Missile
IFI In-Flight-Insertion (mechanism)
IHE Insensitive High Explosive - some form of TATB
INC Insertable Nuclear Capsule

INF Intermediate Range Nuclear Forces
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Interstage Area
Intrinsic Radiation

I0C
JAIEG
JCAE
JCS

JTA

kT

LANL
Lay-down

Limited Stockpile Item
LLC

LLNL
LPO
LRNTF
MA
MAR

MIR
MIRV

81

The space between the primary and secondary

Naturally occurring neutron and gamma radiation present at the surface of a
weapon

Initial Operational Capability

Joint Atomic Information Exchange Group

Joint Committee Information Exchange Group

Joint Chiefs of Staff

Joint Test Assembly

Kiloton equivalent of TNT hydrodynamic yield

Los Alamos National Laboratory

A form of weapon delivery and/or fuzing. Parachute delivered bomb from very low
altitudes with delayed groudburst using a timer fuze

A stockpiled weapon which has not been accepted as a "standard" item and for
which the DoD has requested additional development

Limited Life Component; component which must be periodically replaced due to
aging

Lawrence Livermore National Laboratory

Lead Project Officer

Long Range Theater Nuclear Forces

Military Application (DOE) - usually refers to the DASMA office or staff

Major Assembly Release; SNL prepared, AL approved statement that war reserve
weapon material is satisfactory for release on a designated date to the DoD for
specified use qualified by exceptions and limitations

Major Impact Report

Multiple Independently Targetable Reentry Vehicle

HISSY
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Mkt

MLC

MRR

MRV

MT
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Mark Number. The system of certifying nuclear weapons and RV/RBs, cars, and other
assorted goods (like TV programs!) For nuclear weapons - now replaced by W for
Warhead and B for Bomb or other

Military Liaison Committee - historically was the coordinating and interchange of
information focus between DoD and DOE

Minimum Residual Radiation - now RRR

Multiple Reentry Vehicle
Megaton, million tons equivalent TNT. Also metric tons - 1000 kilograms -

Office of Military Application - now office of DASMA
Office of Management and Budget
The detonation of the weapon HE at a single point

3
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PL
PAL
PA&E
P&PD
P&S
PM-NUC
POC
POG
POM
Primary-—
Pu 1
7
@)
QA [
QRA >

RB 4
RD ']
Rolomite

RRR

RTG
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Oralloy - Oak Ridge Alloy. Uranium enriched in the isotope U** to 93.5%

Office of the Secretary of Defense

Phillips Laboratory (formerly Air Force Weapons Lab)

Permissive Action Link - coded use control feature

Program Analysis and Evaluation, OSD, (not program annihilation and elimination)
Production and Planning Directive

Production and Surveillance

Program Manager - Nuclear Munitions (Army program office for nuclear-no longer active)

Programs of Cooperation

Project Officers Group

Meeting of the POG

The "fission" device

Plutonium, a reactor produced fissionable material obtained by bombarding U?®
with neutrons

Quality Assurance - DoD uses QART—Quality Assurance, Reliability Testing
Quick Reaction Alert; weapon system deployed in a state that would allow its
employment in a stated minimum specified time

Reentry Body - Navy term for RV

Restricted Data; all data concerning design, manufacture, or utilization of nuclear
weapons and the production of special nuclear material which has not been removed
by the Atomic Energy Act of 1954

A Sandia designed ESD sensor

Reduced Residual Radiation - reduced fission devices—formerly MRR (Minimum
Residual Radiation)

Radioisotopic Thermoelectric Generator
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RV

SAC
Secondary
Sec Def
Shake

. SLBM

SLCM

SNL

SNM

SP

Specified Command

SRAM
SS Material

SSPO
Standard Stockpile ltem

Stockpile Nuclear Test
STS

TATB
TTR

Reentry Vehicle Army, Air Force - Navy calls them RBs, definitely not a
recreational vehicle

Strategic Air Command

The "thermonuclear" device

Secretary of Defense

108 seconds

Submarine Launched Ballistic Missile

Sea Launched Cruise Missile

Sandia National Laboratories

Special Nuclear Material - Pu, Oy

Strategic Programs - Navy SLBM office

Combat command with a broad and continuing mission - usually a single
service such as the Strategic Air Command

Short Range Attack Missile

Source Strength Material - DOE audits one kilogram quantities (includes
depleted and natural uranium)

Strategic Systems Program Office - now SP

A nuclear weapon which meets the approved military characteristics to DoD"s

satisfaction
QA test of a system withdrawn from the stockpile. That rare instance that a

stockpiled weapon is tested downhole at NTS - a stockpile "confidence test"

Stockpile-to-Target Sequence
Triamino-Trinitro-Benzene; see IHE
Tonopah Test Range - Sandia's testing range at Tonopah, Nevada
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Tritium
TTBT
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V—v Map
Unified Command

USANCA
USDR&E
WR

Weapons Grade Pu
WDCR

WES
ws?
WSV
X-unit
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Transient radiation effects on electronics

Third isotope of hydrogen, radioactive gas used to boost weapons
Threshold Test Ban Treaty

Tuballoy - natural uranium. Sometimes also includes depleted uranium, i.e.,
essentially Uz

A contour depicting permissible velocity and reentry angle combinations for a
missile RV/RB

A combat command with a broad and continuing mission composed of forces of
two or more services under a single commander

U.S. Army Nuclear and Chemical Agency
Under Secretary of Defense for Research and Engineering

War Reserve nuclear weapons material (in DOE or DoD custody) intended for
employment in the event of war

Plutonium which has 6% or less Pu?* content; Pu? is the good stuff
Weapon Design and Cost Report '

Warhead Electrical System

s
-
Weapon Secure, Safe, Storage o 3
Weapons Storage Vault (Weapons Security Vault) (( or
A device used to provide energy to initiate nuclear system detonators i
K
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WEAPONS/WEAPON APPLICATIONS

WEAPON* APPLICATION SERVICE
FATMAN BOMB AF
LITTLEBOY BOMB : AF
Mk 111 BOMB AF
Mk 4 BOMB AF
T-4 ATOMIC DEMONITION MUNITION A
Mk 5 BOMB AFN
Mk 5 MATADOR AF
Mk 5 REGULUS | N
Mk 6 BOMB AF
Mk 7 BOMB AF.N
Mk 7 HONEST JOHN A
Mk 7 CORPORAL A
Mk 7 BOAR N
Mk 7 BETTY N
Mk 7 ATOMIC DEMONITION MUNITION A
Mk 7 NIKE HERCULES A
Mk 8 BOMB N
Mk 9 280-mm AFAP A
Mk 11 BOMB N

*Absence of entry indicates system not fielded
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WEAPON

Mk 12
Mk 14
Mk 15
Mk 17
Mk 18
Mk19
Mk21
Mk23
B24
W25
B27
Wwa7
B28
W28
W28
W30
W30
W31
W31
W31
W33

APPLICATION

BOMB
BOMB
BOMB
BOMB
BOMB
280-mm AFAP
BOMB

16" AFAP
BOMB
GENIE
BOMB
REGULUS |
BOMB
HOUNDDOG
MACE
TALOS

ATOMIC DEMONITION MUNITION
HONEST JOHN

NIKE HERCULES

ATOMIC DEMONITION MUNITION
8" PROJECTILE

SERVICE

AFN
AF
AFN
AF
AFN
A
AF
N
AF
AF
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WEAPON

W34
W34
B34

B36

W38
W38
B39

W39
W39
W39
W40
W40
B41

B43

W44
W45
W45
W45
W45
W47
W48

APPLICATION

LULU
ASTOR
HOTPOINT
BOMB
ATLAS
TITAN |
BOMB

B-58 pod
REDSTONE
SNARK
BOMARC
LACROSSE
BOMB
BOMB
ASROC
BULLPUP
TERRIER
LITTLE JOHN
MADM
POLARIS
155-mm AFAP

SERVICE

N

N

N
AF
AF
AF
AFN
AF
A
AF

=
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WEAPON

W49
W49
W49
W49
W50
W50
W52
W53
W53
W54
W54
W54
W55
W56
B57
W58
W59
B61
W62
W66
W68
W69

APPLICATION

ATLAS

THOR
JUPITER
TITAN |
PERSHING
NIKE ZEUS
SERGEANT
BOMB

TITAN 1l
FALCON
DAVY CROCKETT
SADM
SUBROC
MINUTEMAN
BOMB/DEPTH BOMB
POLARIS A3
MINUTEMAN |
BOMB
MINUTEMAN I
SPRINT
POSEIDON C3
SRAM

SERVICE

AF
AF
AAF
AF
A

A

A
AF
AF
AF
A
AN
N
AF
AFN
N
AF
AF,N
AF
A

N
AF
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W70
W71
W72
W76
W78
W79
W80
W80
B83

W84
W85
W87
w88

APPLICATION

LANCE
SPARTAN
WALLEYE
TRIDENT |
MINUTEMAN 1l
8" AFAP

SLCM

ALCM

BOMB

GLCM
PERSHING I
PEACEKEEPER ICBM
TRIDENT I

SERVICE

A
A
AF
N
AF
AN
N
AF
AF
AF
A
AF
N
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SURVEY OF WEAPONS DEVELOPMENT AND
TECHNOLOGY

WR708
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Weapons Physics and Nuclear Material

Several basic nuclear physics concepts and the properties
of the nuclear fissile material are very important to the
understanding of weaponization

The physics of fission

Nuclear properties

Availability of material

How the fissile material is obtained

Energy available and energy trades
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LIQUID DROP MODEL APPLIED TO POTENTIAL BARRIERS
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CHARGE DISTRIBUTION CURVE
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FISSION YIELD, PER CENT

TON{

(YrYT ITCV Y
Gilr v doo v

BRERAl

WL

boD T

&
o

|~ THERMAL FISSION o
— of ma—t
- U235 =
= =
p— )
A ¢ 4 41 % 4 1 i
80 100 120 140 160
MASS NUMBER

LIKELIHOOD FOR FISSION FRAGMENT

[

L

-~

(1

X

Lu/iX

A
<7 TN

raint it S
i Loo Vv

& il

4

=3
o



T
cCoTYY

UNCLAGSLE s
P

SEeRES

97



T JIODYTIT TANT A
ALl d

(TTWY WS TON

98

Asymmetric fission
Binary

Cross-Section

Fission Fragment

Fission Product

Terminology

division of excited nucleus into two unequal
fragments with masses about 100 & 140 ama.

division at scission point into two parts.

probability that a certain reaction between a nucleus and
an incident particle or photon will occur, as in a neutron
and U?*° (measured in "barns")

fragment after scission but before prompt neutron emission

fragment after prompt neutron emission
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The Gang of Four

238,
% in nature - 99.27

When the 28U, is extracted, it is called

depleted 233U or TUBALLQY or D38 (from

UK WWII effort - TUBE ALLOY)
Will fission but not fissile

Physically separated

239py

% in nature - essentially zero (minein
South Africa)

Made in reactor: n + 238 = 239py

235
% in nature - 00.73

Concentrated to 93.5%

Called ORALLOY for Oak Ridge Alloy

240py
% in nature - essentialy zero
Made by reactor

If you leave the 2°Puin “too long,” it will
absorb a n » 240py

Spontaneously fissions (originaly a
problem for pre-ignition)

101
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CALCULATION OF ENERGY RELEASE

235 1 95 139 o 1
92U oo — P 4oMo t gyla T4€ o2

— 235.0439 94.905837
- 1.0087 138.906400
- .003850
(2 2.017340
[ 236.0526 amu » 235.8334amu_ atomic mass unit

[ oom
(3
k4 MASS DEFECT OF .219 amu
b
.
th
) n =1.00867 amu

- MeV -
p =1.00728 amu (.219 amu) (931.4 amrr) — 204 MeV
e= .00055amu

THE EXAMPLE STARTED WITH

54)3(339 3B o™ AND 1SR 48 95

FISSION CHAIN

AL LR

anshdih & Tl dhdan WG g
b 3 % g7 : ;
WP TOrON
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THEORETICAL FISSION ENERGY

THERE ARE .g.;gz%;.g__ATOMS PER GRAM OF U %45

24
THEREFORE, 1 kg OF 92U - HAS 2.5634X10 ATOMS

235
HENCE, @ 180 MeV PER FISSION 1 kg OF 92 U WOULD PRODUCE
4. 6141x1026 MeV IF EACH ATOM WERE FISSIONED.

CONVERTING TO
KILOTONS

26 kT
(4.6141X10 MeV) (3.824X10 eV )= 18 kT
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FACTORS AFFECTING CRITICAL MASS

e GEOMETRY
{“‘3 « AMOUNT OF MATERIAL
E 2 * TYPE OF MATERIAL
+ A
9 * PURITY OF MATERIAL
N
- * SURROUNDING MATERIAL
b
7] * DENSITY
-
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(BARNES)

(

IWIN

JT JTOTIX T TNNT

AHIHISTY

FISSION CROSS SECTIONS

"FISSILE"

Y
et /

310 keV

el
"FISSIONABLE" f
£

100 keV 1.0 Mev

INCIDENT NEUTRON ENERGY

NOTE: The thermal neutron energy is not on the chart

10 MeV
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Variation of Cross Section x Ave. # Neutrons for 2°U
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Neutron Energy
Fission is more effective at higher energies N
Smallest fission generation time at high energies  (r-=1/nor-v)
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U,.. Fission Neutron Energy Spectrum

Neutron Energy (MeV)

Lat

I 4

A

0.300

X(£)=0.453 ¢—1030F ginh VI 25F
e X(E)=0.770 E1/2 ¢—0.776E

¥
3

e
..—.-‘E‘: S

X(E), (MeV)-!

0.100

\\

(Reference, Lamarsh, 1966)
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"A Shake"

o O,
O ® ®
M@
O

Distance

* Fission mean free path - how long before it clobbers an atom
like URANIUM

* Average velocity - how fast it is going

fission mean free path
average velocity of neutron

These values are derived experimentally and are related to the fission
cross section and velocity of the neutron.

=10 -8 Seconds or 1 shake
(real fast like the shake of a lamb’s tail)
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We Care About Neutrons

¢ An efficient way to fission U%5 or Pu?®® is with neutrons.

* The fission of one atom of U%5 or Pu?* releases approximately 200 MeV.
e To create an explosion by fission, a bunch of neutrons are required.
® The more neutrons--the more fission, i.e., We Care About Neutrons!

* Remember that each fission gives off integral numbers of neutrons--about

2-4, but over a bunch of fissions, we measure an average (i.e., 2.54 etc.) and
this varies with input neutron energy.

L = average number of neutrons
e The whole idea of sustaining the fission process is to get these fission
neutrons to go fission more U235 or Pu239,

=If all the neutrons escape without fissioning anything, then the reaction
fizzles! (The population becomes extinct.)

=If at least one of the 2 to 4 neutrons fission something every generation,
then we have a steady state condition--a reactor.

=|f most of the neutrons fission another atom etc., etc., we have a
run-away condition--a nuclear explosion.
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We Care About the Neutrons that
Escape

e We call the escapees "lost neutrons," and the
abbreviation is /I (the letter after k).

e So the number of neutrons available for population
growth is the average number per fission (u), i.e., 2.54

minus the lost ones.
e Someone called this k.

e Therefore: k=u- /
—for every neutron causing fission in one generation

k will cause it in the next generation.

AFLAISSVION,
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We Care About the Multiplication

* Now let’s look at a bunch of fissions and bunch of neutrons.
e If we start with some number of neutrons (one or more), let that

number equal n.
n = number of neutrons at beginning of a generation

e Remember, k= number of neutrons available for Round 2...
e And k times n equals number of neutrons at the next

generation.
e Don’t forget we’ve used up the original neutrons (n) in the first

fission process..
 The gain of neutrons is thus:
Nek -n
(number of neutrons we started with)®(average number in a
fission of Round 2 (etc.)) minus the ones we used up in the

previous round.

QELAISSVION
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Determine Growth Rate

sl
%; * We still care about neutrons, but we really care about
o the rate (speed) that they are produced.
2 4
E;, * Therateisthe change in the number of neutrons Sjj
&P change in time -;’.', ;
L L
4 ¢ Mathematically this is represented Mo
(72
] Dn dn {2
- - L &
Dt dt =y
I
* Toget the rate change, we divide the actual gain in neutrons by time (t) g
| nk - n
t
e Therefore dn = nk - n
» dt t

115
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Apply Basic Calculus

an nk—n n(k—1)

%
EJ> @ lLet o "alpha" = —— substitution gives
T
¢
e
E« an :
ré @ 5 - no; Rearrange (cross multiply and divide)
an
® = o dt  Integrate from zero neutrons (N,) to N neutrons.

o N = N, &*

If oo is known, one can calculate the number of neutrons at
any time (t).
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The Energy Released is Proportional to the Number of Fissions
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azu-:-1z 3‘:_%% 1 gen / shake for 1 MeV neutron

where: p = ave# Neutrons
p = Post Neutons

t

Y
N = Noedt = Noe = e9 where g = Number of generations

The energy released is proportional to the number of fissions
The numer of fissions is proportional to the number of neutrons

1 fission = 7 x 10721 tons of TNT
At g = 48 we would have ~ 9800 Ibs.
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/ TIME
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INITIATION
genl/time
4
(0]
= TIME
SECOND CRITICAL

FIRST CRITICAL
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a - Curve

EXPLOSION
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TIME
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TIME

TIME
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Potential Fusion Reactions

+ 3.27 MeV
1D2 , 102/

T3 L qHY & 403 Mev
D2 , T3 e oHe4 s on1 + 17.6 MeV

D2 , 2Hed  p oHe4, 4H1 4 183 Mev
4T3 , T3 »2He4 2 a1+ 11.3 Mev

+ 4.6 MeV
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Theoretical Fusion Energy in Equal Atom Mixture of Li’'D

6.025x1028
6.0151

1 kg of Li® has - 1.00165x102% Atoms

2
1kg of D has>222X1%" _ 5 991411026 Atoms
2.0141

Hence,

25084 kg of D has ( Ul

6.01512 + 2.0141

)(2.991 41x10”) =.75038410* Atoms

6.01512
6.01512 + 2.0141

.7491 kg of Li’ has ( )(1.001 65x10”) =,750390x10” Atoms

Li* + ,n' = (.75039x10" (4.6)MeV = 13.2kT

D + T (.75039x10)(17.6MeV) = 50.5KT
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TEMPERATURE EXPRESSED IN kT (ENERGY)

-16
1.38X10 erg/ oK
where K is Boltzmann Constant

8.62X10™ keV/ K

T (in keV) = 8.62X10 T (in °Kelvin)

Temperature of 1 keV = 1.16x10 ! degrees Kelvin
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Rational for Choice of Fusion Reaction
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FUEL

—

o LD (95% SLi, 5% Li)

* Tritium

NO

1/

5 8

Li + n > “4He + 3T + 46McV

* Fusion

a AL Tid

IS0V

ST + D 5 “He + n + 17.6McV

YT
vil

D + n > H + X
* Net Reaction

Li + D > 2 4‘He + 223McV

Net Energy = 22.3 McV per Event
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Thermal Nuclear Plasma

AT FUSION TEMPERATURES, WE HAVE A PLASMA
OF IONS (NUCLEI AND ELECTRONS).

ENERGY = aT, . + bT + cT*

(ion) (electron) (radiation)

IF PLASMA IS IN THERMODYNAMIC EQUILIBRIUM
THE THREE TEMPERATURES ARE EQUAL B AT HIGH
TEMPERATURES, RADIATION WILL DOMINATE.
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CONVENTIONAL EXPLOSIVE

RELEASE OF ENERGY ARISES FROM THE
BREAKING OF CHEMICAL BONDS (ELECTRON
BONDS) IN THE HIGH EXPLOSIVE MATERIAL

NUCLEAR EXPLOSIVE

RELEASE OF ENERGY ARISES FROM THE

BREAKING OR MAKING OF NUCLEAR BONDS
(HADRON-HADRON)

FISSION AND FUSION YIELDS ENERGY RELEASE +
PARTICLES

(arssvIoNd
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Effects of a Nuclear Explosion

Thermal radiation

and EMP
Blast and shock

NUCLEAR EXPLOSION

Initial Residual nuclear
nuclear radiation radiation (fallout)
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Nuclear Effects Generalities

/

Subject Generally Divided into 3 areas
 Phenomenology
— Physics at the weapons source
« Interaction of the nuclear
e Military effects
— Smashing (over pressure)
— Turning over (dynamic - winds)
— Fires (Thermal pulse)
— Radiation
— Craters
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What are Nuclear Effects Calculations Used For?

e Determine how "hard" (radiation, blast, etc.) to make the weapon
system (major cost implication)

e Determine the proper yield/accuracy combination

e Placement of weapon system on the battlefield
e Targeting

o Number of nuclear weapons required to achieve an objective
e Safety zones

e Etc.

e Historically, this is an area that has caused much discussion and
argument. However, over the years, DNA has developed tools to

standardize the methodology and has contributed greatly to the
understanding of this area.

Textbooks

Nomograms/Slide Rules
T159 - Programs

HP 41 CX - Programs
Personal Computer Software

2 (L
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NUCLEAR SEPARATION DISTANCE
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CONVENTIONAL WEAPON

BLAST &
CHEMICAL SHRAPNEL

e THERMAL/
REACTIONS “=—=3 INCENDIARY

NUCLEAR WEAPON

BLAST & DEBRIS
/THERMAL
INTENSE = semngp X-RAY INCENDIARY
HEAT
SOURCE
EMP
i NEUTRON
NUCLEAR ALPHA BLACKOUT
REACTIONS >
BETA TRAPPED
GAMMA RADIATION
CRATERING
GROUND
FISSION - DELAYED gﬂgg"
PRODUCTS ) RADIATION
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Nuclear Effects

DIRECT
WEAPON
OUTPUT
-
B e - _4
- =
> RANSMISSION 3
7 THROUGH b
o~ SOME ‘N
i _ MEDIA 2
£S5 "NEW PHENOMENA =
{3 MAY BE GENERATED &
-~ ASIT GOES THROUGH -
" AMEDIA b
PHENOMENOLOGY AT
THE TARGET

SYSTEM
INTERACTIONS



THE NUCLEAR PHENOMENOLOGY EXPERIENCED BY A
SYSTEM DEPENDS ON:

*YIELD OF WEAPON

*DESIGN OF WEAPON

sWHERE WEAPON WAS DETONATED

qEIAISSVIONA

sWHERE SYSTEM IS

T TTNNTIITNANT
Grgiaimdv BN, L"\Lﬂ

*FOR SOME EFFECTS, WHAT SYSTEM IS DOING
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NEUTRONS COME DIRECTLY FROM

Fission

N + fissionable material -+ two or more fission fragments
+ neutrons + energy

And

Fusion
D+T »  H/*+neutron + energy
T+T » H.* + 2 neutrons + energy

D+D » H.2 + neutron + energy
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Fission Neutron Energy Spectrum

4 \
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Neutron Spectra

SEAE
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GAMMA RAYS

ELECTROMAGNETIC RADIATION

SOURCE:

- DETONATION FISSIONS

EARLY

-- NEUTRON INELASTIC SCATTER IN WEAPON DEBRIS
- NEUTRON INELASTIC SCATTER IN THE AIR AND GROUND

LATER

- CAPTURE OF SLOW NEUTRONS BY NITROGEN
- FISSION PRODUCT DECAY

VIONA
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BLAST AND THERMAL

IT'S HOT, HOT,—---
SO IT RADIATES HEAT

THERE'S HIGH, HIGH, HIGH PRESSURE----
SO IT TRANSMITS A PRESSURE PULSE
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SEQUENCE OF EVENTS AFTER A NUCLEAR
'DETONATION IN THE ATMOSPHERE

1. ONCE UPON A TIME THERE WAS A NUCLEAR
WEAPON--NOW THERE'S THIS 10 MILLION PLUS
DEGREE BLOB OF VAPORIZED MATERIAL OCCUPYING
ROUGHLY THE SAME VOLUME (78% OF ENERGY IS IN

X-RAY).

2. THIS VOLUME RADIATES
ELECTROMAGNETIC ENERGY
IN THE X-RAY SPECTRUM.
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3. THE MEAN FREEPATH OF "X-RAYS" IS .3 cm

AT SEALEVEL. THE SURROUNDING LAYER OF AIR
IS SUPERHEATED. _INITIAL X-RAY FIREBALL

expanding
weapon debris
4. THIS ABSORPTION AND
d RERADIATING PROCESS RESULTS IN
Z A RAPIDLY EXPANDING RADIATION
9 FIREBALL. RADIATION GROWTH
p> PHASE. radiation debris
&P, front b
N nuclear
';;3 5. THE:WEAPON DEBRIS shock"

4 SNOWPLOWS AIR AND A

[=-] "NUCLEAR SHOCK" IS FORMED.

C RADIATION FIREBALL CONTINUES
TO GROW, BUT GROWTH SLOWS
BECAUSE COOLING REDUCES MFP.

radiation
front
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6.\

\ .~ SHOCKWAVE
ASSOCIATED WITH THE FRONT BECOMES
DOMINANT. NUCLEAR SHOCK STARTS TO
"CATCH-UP." HYDRODYNAMIC SEPARATION

7. NUCLEAR SHOCK CATCHES UP, BUT
REINFORCED SHOCKWAVE COOLS TO 3,000
DEGREES CELSIUS AND STARTS TO BECOME
TRANSPARENT. SHOCK BREAKAWAY.

8. NO FURTHER INTERACTION BETWEEN
EXPANDING SHOCKWAVE AND FIREBALL.

isothermal
sphere

wave

wave

fireball

nuclear
shock

fireball
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THERMAL

Observed Thermal Pulse

CORE TEMP OF FIREBALL
REAL TEMP AT SHOCK WAVE . ~ > &
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HYDRODYNAMIC SEPARATIO ~ - BREAKAWAY [

et R S S >

n

USE: FROM A KNOWLEDGE OF X-RAY VEIL F-f-%
SHOCK BREAKAWAY AND A BANG ]
METER (DISTANCE TRAVELED/TIME) & o y-t
THE YIELD CAN BE DETERMINED T 'U

Time (Seconds)
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BLAST
R2> R4
OVERPRESSURE AP =P -P, Fa> AP (AP>100 PSI)
DYNAMIC (GUST) Ry =1/2MV 2

TIME DEPENDENCE

Fd< AP (AP<100 PSI)
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AWAY FROM SOURCE AIRBLAST

SCALABLE PHENOMENA — SACH’S SCALING ( D] = [W‘—l 13

DO wO_l
-
L7, BASIS IS COMPLETE DATA FOR 1 CASE EX: 1 kT STANDARD
Ct;)
?Z FOR ALTITUDES OTHER THAN SEA LEVEL [ D] - [w] 1/3[
&%) —] |—
gﬁ? DO WO
t-j OTHER IMPORTANT ASPECTS:

MACHSTEM AND TRIPLE POINT PATH

OPTIMAL HOB FOR MAXIMIZING OVERPRESSURE
PRECURSOR

WILL BE COVERED LATER AND IN THE EFFECTS MOVIE
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0 = Data from AFWL - TR 73-75
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EMP FAMILY TREE

"PHOTOELECTRIC
ELECTRONS
XRAYS | pli

50%-70% | —

/ S /COMPTON
e FISSION / GAMMAS ELECTRONS
CQ CHAIN 0.1%
-
o, AND/OR
C2 SRR PAIR
-y FISSION
v 4 o PRODUCTION
e BURN | 1% ELECTRONS

FUSION -
/2 NEUTRONS
(N
P""* 0,
= 2% | ~TIPEraveD INELASTIC
= CAMAS SCATTER
GAMMA

tfj’ (n, n*)
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Bottom Line: electron moves in assymetric field

PHOTON

PRODUCTION

ELECTRON
PRODUCTION

PRODUCTION
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High Altitude EMP

s, NUCLEAR
5% EXPLOSION
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HIGH ALTITUDE
EMP

Compton Electrons

turning in
ELECTROMAGNETIC Earth's magnetic
PULSE field
Constructive

e High Altitude

interference EMP
of radiation

from different

electrons —

TONTN

_:' KEY Points
; 1. Eachy gives a downward traveling compton electron.
b 2. The electrons are turned by the earth's magnetic field.
:Z 3. The relativistic electrons radidte energy downward.
4. The Y 's and EMP radiation travel at the same speed.
This leads to constructive interference of radiation from all electrons.
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EMP PULSE
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Frequency Spectrum Comparison

Z EMP Intensity 50,000 volts/meter
=
>
¢ f')} 10 volts/meter 200 volts/meter
U
i I R S R e T [ R
g
- o
k) Power Lightning Communications Radar
1 1 | | | | 1 1 | 1 |
10! 102 103 104 10° 10° 107 108 10° 1010

Frequency ~ Hertz
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Representative EMP Pulse

Electic
Field
kVm!

~N$

~0.1ps ~100’s ps

Tﬁme Duration
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MILITARY EFFECTIVENESS COLLATERAL DAMAGE
(TANKS) (EXPOSED PERSONNEL)
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1 MT DETONATIONS AT VARIOUS HOB's (CO-Altitude)

N N 'Z y X-ray| X-ray|rhermaifrhermai] Over |Over JOver
10'2 |10 J10® J10"™ J20 130 | 4 8o | 2 | 10 | 3000
niem fnicm | 124/ | rad/ | call, | call | call | call | oi |psi | psi
|Exoatmospheric 1571 5.6 1760 2.4 |56.8]22.2
100,000 1251551190123 |104]6.0]98 122 185146 7
ft
1,800 62125190 |13 | |- 49 | 19 |29.5]10.8] 8
ft
Surface 56 123185 11.3 | ~~-] — 4041121] 25 1 10 | 11

Distances to Effect Levels in kilo-feet
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EXOATMOSPHERIC

DETONATION

THERMAL?

/7 NEUTRONS FF DENSITIES

GAMMAS TRAPPED RADIATION
XRAYS

SGEMP
DEMP

EMP
FLASH BLINDNESS

THERMAL?
PROMPT RADIATION?

FLASH BLINDNESS

COMMUNICATIONS
EMP

DISRUPTION
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ATMOSPHERIC
DETONATION

PROBABLY NOTHING

y/ OVERPRESSURE
GUSTS
THERMAL
NEUTRONS
EMP (NEAR FIELD)
GAMMAS
FLASH BLINDNESS

TOTAL DOSE
OVERPRESSURE NEUTRONS
FLASH BLINDNESS
GUSTS THERMAL  1o7Al DOSE COMMUNICATIONS
DISRUPTION

—~——
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Cj NOTHING
7
P
u‘}> TOTAL DOSE
w2
: DUST?
1§D
et THERMAL?
i
p— OVERPRESSURE?
‘ * /
OVERPRESSURE
GUSTS
GROUND THERMAL
DETONATION TOTAL DOSE

(FALLOUT)

DISPLACEMENT
EMP (NEAR FIELD)

CRATERING
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Usetul Rules-of-Thumb for Prompt Effects

QELAISSVIONA

* Emergency Risk
— Thermal -- 3 cal/cm2
— Blast -- 4 psi
e (Casualty from Blast
— Exposed personnel -- 18 psi
— Severe Tank Damage -- 49 psi
e Radiation Dose

— Casualty -- 8,000 rads
— Emergency Risk -- 150 rads
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