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such a test would not collect a large quantity of data usually considered desirable by
U.S. weapon designers and testers.

FOREIGN TECHNOLOGY ASSESSMENT (See Figure 5.0-2)

All five nuclear weapons states have tested nuclear devices and presumably retain
the technologies needed to conduct underground nuclear explosions should the CTBT
be abandoned.  South Africa prepared two boreholes in which it could have tested its
nuclear devices; those shafts have been filled and the site abandoned.  India conducted
one instrumented underground nuclear explosion and is believed to have been ready-
ing a site for additional tests during 1996.  That effort may have been abandoned, but

India has the technologies needed to conduct nuclear yield tests.  Brazil drilled a bore-
hole for a nuclear test, but that shaft was closed with great ceremony.  The country has
the capability to instrument a nuclear explosion to some degree.  Sweden carried out
some planning for a nuclear test in the 1960’s, but apparently those plans were aban-
doned along with its nuclear weapons program.  Most advanced industrial nations
have the technology to conduct underground nuclear weapons tests which could be
instrumented well enough to aid a weapons program.

Very little advanced technology is required by a proliferator wishing to conduct
useful atmospheric nuclear tests, but virtually all nations of concern are States Parties
to the LTBT banning tests except those conducted underground.



II-5-95

Table 5.10-1.  Nuclear Weapons Development Testing Technology Parameters*

(cont’d)

* Values identical to those in the NDUL do not necessarily reflect the normal TWG process.

Technology
Sufficient Technology

Level
Export Control

Reference
Critical

Materials
Unique Test, Production,

and Inspection Equipment
Unique Software
and Parameters

HYDRODYNAMIC TESTING

Pin domes Positioning to better than
.001 in. ; time resolution to
10 ns

CCL EAR 99 Steel domes, pins None identified None identified

HE pressure, tempera-
ture, and shock
transducers

Pressure upper limit on the
order of 2–5 megabar;
temperature on the order of
3,000 K.  Rise time
<<1 microsec.

CCL EAR 99 Semiconductor
grade quartz;
manganin metal

Clean room environ-
ments common in semi-
conductor assembly,
most transducers avail-
able off the shelf (OTS).

Understanding of device
assembly dynamic range
and timing from model
predictions

Pulse generators to
calibrate cables, etc.

Output voltages >6 V into
<55 ohm resistive load with
pulse transition times less
than 500 ps (defined as the
time interval between 10%
and 90% voltage amplitude).

CCL EAR 99 None identified None; these instruments
can be manufactured
domestically with
advanced understanding
of high-speed circuits or
be purchased OTS.

None, although computer
modeling codes for high
speed circuit perform-
ance would be advanta-
geous (SPICE Code, for
example)

Coaxial cables Satellite TV technology.
Cables with 1–5 dB attenu-
ation per 100 ft at 1 GHz
readily available.

CCL EAR 99 None identified None; cables will be
procured from the open
market.  Continuity
testers and fast pulse
generators used to
calibrate

None identified

Cable connectors Satellite TV technology.
N, C, HN, or LC series
connectors standard.

CCL EAR 99 None identified None; connectors will be
procured from the open
market.  Continuity
testers used to quality
check.

None identified

Fast oscilloscopes,
usually with storage
features

For hydro testing subnano-
second scopes are not
required.  Many types of
digitizing scopes with
1–10 ns recording times are
available.

NDUL 7;
CCL Cat 3A

None identified None; available
commercially OTS

None, but ability to
forecast device
performance from
models to set dynamic
range of data acquisition
is critical.

Oscilloscope cameras Standard OTS cameras with
triggerable shutters.

CCL EAR 99 None identified None identified None, but ability to
forecast device
performance from
models to set trigger
times is critical.
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Table 5.10-1.  Nuclear Weapons Development Testing Technology Parameters (cont’d)

(cont’d)

Technology
Sufficient Technology

Level
Export Control

Reference
Critical

Materials
Unique Test, Production,

and Inspection Equipment
Unique Software
and Parameters

Transient recorders
(flash digitizers)

100 MHz digitizer speed with
10–100 microseconds of
memory and 8 bits of dynamic
range sufficient for hydro
testing.

NDUL 7;
CCL Cat 3A

None identified None; available
commercially OTS

None identified

Time delay generators Available OTS, but single
cable lengths would be
sufficient.

CCL EAR 99 None identified None identified None identified

Flash X-ray generators Peak energy of few hundred
KeV and a figure of merit,
K = 1.7 x 103 x V 2.65 Q greater
than about 0.25.
Special equipment to halt the
propagation of physical bomb
debris.

NDUL 5;
CCL Cat 3A

Oxygen-free copper
for linear accelerator
(mega-volt opera-
tion); low loss
capacitors.  For
smaller units marx
generator and
cables.  Dielectric
oils, pref. PCB-free.

For megavolt machines
based on linear acceler-
ators, ability to machine
special copper to near
optical finish.

Solutions of Poisson's
equation in two or three
dimensions, validated
against experiments.
Radiation shielding
codes.

X-ray recording systems
(photo)

Medical x-ray technology
scaled up to suit size of
image.

CCL EAR 99 Medical x-ray
phosphors available
from several
suppliers.

None identified None identified

Mechanical framing
cameras

Framing rates greater than
250,000 per second

NDUL 5;
CCL Cat 3A

None identified None identified None, but ability to fore-
cast device performance
from models to set
trigger times is critical.

Mechanical streak
cameras

Writing speeds greater than
0.5 mm per microsecond.

NDUL 5;
CCL Cat 3A

None identified None identified None, but ability to fore-
cast device performance
from models to set
trigger times is critical.

X-ray recording systems
(digital)

Arrays of photodiodes
coupled to inorganic crystals
or fiber optic coupled to CCD
if imaging is required.  Large
inorganic crystals for flux
measurements.

CCL EAR 99 Inorganic crystals,
such as CsI, BGO,
LSO or equivalent

None; crystals and PD
arrays available commer-
cially.  Photomultiplier
tubes for big crystals
also available.

Data acquisition system
capable of reading
1,000+ channels of data
to form an image.  Some
systems commercially
available if imaging is
required.

X-ray recording systems
(analog)

Heavy gas proportional
chambers

CCL EAR 99 Heavy gases such
as xenon.

None identified None identified
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Table 5.10-1.  Nuclear Weapons Development Testing Technology Parameters (cont’d)

(cont’d)

Technology
Sufficient Technology

Level
Export Control

Reference
Critical

Materials
Unique Test, Production,

and Inspection Equipment
Unique Software
and Parameters

Multistage light gas guns
or other high-velocity
gun systems (coil,
electromagnetic,
electrothermal or other
advanced systems).

Acceleration of projectiles to
2 km per second or greater

NDUL 5;
CCL Cat 2B

None identified None identified None identified

HYDRONUCLEAR TESTING (up to few ton yield range)

Neutron pinex (pinhole)
photography

None available CCL EAR 99 Machinable tung-
sten alloy for pinhole
fabrication.
Standard fluors for
detectors.

Ability to machine tung-
sten to high precision at
small dimensions,
electro machining, for
example.  Fast video
cameras for image
recording.

Ability to forecast device
performance for dynamic
range and timing and
shock propagation in
local geology for stand-
off time for data
acquisition.

Gamma pinex (pinhole)
photography

None available CCL EAR 99 Machinable tung-
sten alloy for pinhole
fabrication.
Inorganic crystals
for detectors.

Ability to machine tung-
sten to high precision at
small dimensions,
electro machining, for
example.  Fast video
cameras for image
recording.

Ability to forecast device
performance for dynamic
range and timing and
shock propagation in
local geology for stand-
off time for data
acquisition.

Gamma detectors (e.g.,
sodium iodide, GeLi,
etc.)

Standard OTS detectors
used in well logging or basic
research

CCL EAR 99 Large inorganic
crystals

None; detectors are
commercially available.
Calibration by use of
standard radioactive
sources.

None identified

Compton current gamma
detectors

Pulsed power design tech-
niques

CCL EAR 99 None identified None identified Ability to forecast device
performance for dynamic
range and timing and
basic pulsed power
codes for modeling
instrument response
characteristics.
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Table 5.10-1.  Nuclear Weapons Development Testing Technology Parameters (cont’d)

(cont’d)

Technology
Sufficient Technology

Level
Export Control

Reference
Critical

Materials
Unique Test, Production,

and Inspection Equipment
Unique Software
and Parameters

Neutron detectors,
standard nuclear
approaches

Standard OTS detectors
used in basic research

CCL EAR 99 None identified None; detectors are
commercially available.
Calibration by use of
standard neutron
sources or generators.

None identified

Cable crush yield
measurement

Standard drilling techniques
and time domain
reflectometry with fast
pulsers.

CCL EAR 99 None identified None identified None, but ability to fore-
cast device performance
from models and under-
standing of shock propa-
gation in local geology is
critical.

X- and gamma-ray
detectors

Standard OTS detectors
used in  basic research.

CCL EAR 99 None identified None; detectors are
commercially available.
Calibration by use of
standard radioactive
sources.

None identified

Photomultiplier tubes On the order of few ns rise
time; tube face larger than
20 cm2

CCL EAR 99 None identified None identified None identified

Coaxial cables Satellite TV technology.
Cables with 1–5 dB attenu-
ation per 100 ft at 1 GHz
readily available.

CCL EAR 99 None identified None identified None, but ability to carry
higher currents is
essential.

Cable connectors Satellite TV technology.  N,
C, HN, or LC series
connectors standard

CCL EAR 99 None identified None identified None, but ability to
support connections at
higher currents is
essential.

Transient recorders
(flash digitizers)

100 MHz digitizing speed
sufficient if local data
buffering of high-speed
events is available in
instrumentation

CCL EAR 99 None identified None identified None, but ability to
forecast device
performance from
models to set trigger
times is critical.
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Table 5.10-1.  Nuclear Weapons Development Testing Technology Parameters (cont’d)

(cont’d)

Technology
Sufficient Technology

Level
Export Control

Reference
Critical

Materials
Unique Test, Production,

and Inspection Equipment
Unique Software
and Parameters

NUCLEAR YIELD TESTING (Underground)

Drilling machinery Capability to drill holes
approximately 2 m in diameter
to depths on the order of
several hundred meters to
2  kilometers

CCL EAR 99 Hardened drill bits of
large diameter.  Drill
string material
capable of function-
in deep holes.

Bits, shaft casing, drill
rigs capable of drilling
large diameter holes to
great depths.  The com-
bination of diameter and
depth is larger than
common in the oil
business.

Validated codes to
simulate pressures and
stresses on very deep
shafts.

Hole stemming tech-
nologies to ensure
acceptable containment

Knowledge of soil perme-
ability; ability to seal bore-
shaft gas-tight even after the
passage of the shockwave
from the nuclear explosion.

CCL EAR 99 None, although near
device and detector
package special
material like mag-
netite with known
neutron absorption
cross sections
could be required.

None identified Validated models of the
mechanical and thermo-
dynamic properties of
the shaft and its stem
during the passage of
the nuclear shockwave.

Neutron detectors Standard OTS detectors as
used in basic nuclear physics
research, but with larger
standoff distance and
dynamic range.

CCL EAR 99 None identified None; detectors are
commercially available.
Calibration by use of
standard neutron
sources or generators.

None identified

Gamma detectors (e.g.,
sodium iodide, GeLi,
etc.)

Standard OTS detectors
used in well logging or basic
research.

CCL EAR 99 Large inorganic
crystals

None; detectors are
commercially available.
Calibration by use of
standard radioactive
sources.

None identified

Compton current gamma
detectors

Pulsed power design
techniques

CCL EAR 99 None identified None identified Ability to forecast device
performance for dynamic
range and timing and
basic pulsed power
codes for modeling
instrument response
characteristics.

Photomultiplier tubes Rise time order of 5 ns or
better; area > 20 cm2

NDUL 7;
CCL Cat 6A

None identified None identified None identified

Microchannel plates Rise time order of 1 ns or
faster; area > 20 cm2

WA Cat 6A;
CCL Cat 6A

None identified None identified None identified
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Table 5.10-1.  Nuclear Weapons Development Testing Technology Parameters (cont’d)

(cont’d)

Technology
Sufficient Technology

Level
Export Control

Reference
Critical

Materials
Unique Test, Production,

and Inspection Equipment
Unique Software
and Parameters

Fast frame-rate vidicon Vidicon cameras or
equivalent with 4-ms frame
times or faster.

CCL EAR 99 None identified None, but cameras are
special order
commercially

Detailed understanding
of device performance
from modeling
calculations

Fiber-optic cables Standard OTS cables from
many suppliers.

WA Cat 5A P1;
CCL Cat 5A P1

None identified Optical assembly and
test equipment common
in communication
industry.

None identified

Gamma and X-ray
scattering stations

Set-up as for basic research
experiment.  Precision
alignment for lines of sight.
Fast data acquisition.

CCL EAR 99 None identified Precision alignment
survey equipment,
calibration sources for
detector performance.

Detailed modeling
understanding of device
performance and
scattering cross
sections for modeling
detector response.

Neutron scattering
stations

Set-up as for basic research
experiment.  Precision
alignment for lines of sight.
Fast data acquisition.

CCL EAR 99 None identified Precision alignment
survey equipment,
calibration sources for
detector performance.

Detailed modeling under-
standing of device per-
formance and scattering
cross sections for
modeling detector
response.

Neutron pinex (pinhole)
photography

Spatial resolution 4–10 times
smaller than expected pit
diameter at maximum com-
pression.  Time resolution on
the order of 20 ns.  Longer
stand-off range than for
hydronuclear testing.

CCL EAR 99 None identified Precision alignment
survey equipment,
calibration sources for
detector performance.

Detailed modeling under-
standing of device per-
formance for dynamic
range.  Detailed under-
standing of local geology
for shock stand-off
distance.

X-ray pinex (pinhole)
photography

Spatial resolution 4–10 times
smaller than expected pit
diameter at maximum com-
pression.  Time resolution on
the order of 10 ns.  Longer
stand-off range than for
hydronuclear testing.

CCL EAR 99 None identified Precision alignment
survey equipment,
calibration sources for
detector performance.

Detailed modeling under-
standing of device per-
formance for dynamic
range.  Detailed under–
standing of local geology
for shock stand-off
distance.

Fireball cameras
(including special 3-layer
films)

Ability to coat film with three
layers with different sensi-
tivities and to embed color
couplers in each layer.
Sensitivities range from the
order of ISO .0001 to ISO
100.  Most useful with atmos-
pheric testing but possible
underground.

CCL EAR 99 None identified Modern photographic
emulsions useful but not
necessary.

None identified
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Table 5.10-1.  Nuclear Weapons Development Testing Technology Parameters (cont’d)

(cont’d)

Technology
Sufficient Technology

Level
Export Control

Reference
Critical

Materials
Unique Test, Production,

and Inspection Equipment
Unique Software
and Parameters

Streak cameras Cameras capable of 50 ns or
better time resolution.

NDUL 5;
CCL Cat 3A

None identified None identified None, but ability to fore-
cast device performance
from models to set
trigger times and dynam-
ic range is critical.

Framing cameras Cameras capable of 50 ns or
better frame resolution time.

NDUL 5;
CCL Cat 3A

None identified None identified None, but ability to fore-
cast device performance
from models to set
trigger times and dynam-
ic range is critical.

Local seismic systems Basic seismographs and
recording instruments for
ground motion.

CCL EAR 99 None identified None identified None, but ability to fore-
cast device performance
from models and under-
standing of shock propa-
gation in local geology is
critical.

Radiochemical tracer
isotopes

Basic radiochemistry
laboratory equipment
common in reactor analysis
institutions.  Some materials
available from medical
radioisotopes.

CCL EAR 99 Special isotopes,
some commercially
available but rare.

Hot cell handling
capability and detailed
radiochemistry
instrumentation.

None, but detailed under-
standing of neutron
fluxes at distances from
device from model pre–
dictions and neutron
cross sections for rare
isotopes.

Analysis of uncontained
gases

Basic radio and analytic
chemistry laboratory
equipment

CCL EAR 99 None identified None identified None identified

Oscilloscopes Many types of digitizing
scopes with 1–10 ns record-
ing times; bandwidths greater
than 1 GHz will give better
alpha data.

NDUL 7;
CCL Cat 3A

None identified None; available
commercial OTS

None, but ability to fore–
cast device performance
from models to set
dynamic range of data
acquisition is critical.

Coaxial cables Satellite TV technology using
cables with 15 dB attenuation
per 100 ft at 1 GHz, but
higher current capability than
satellite TV cable may prove
necessary.

CCL EAR 99 None identified None identified None identified
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Table 5.10-1.  Nuclear Weapons Development Testing Technology Parameters (cont’d)

Technology
Sufficient Technology

Level
Export Control

Reference
Critical

Materials
Unique Test, Production,

and Inspection Equipment
Unique Software
and Parameters

Cable connectors Satellite TV technology.  N,
C, HN or LC series connec-
tors appropriate, but with
higher current capability than
normal in satellite TV
receiving equipment.

CCL EAR 99 None identified None identified None identified

Analog-to-digital
converters

100 MHz digitizer rates suffi-
cient if down hole buffering of
data is available in instru-
mentation package.

MTCR 14;
CCL Cat 3A;
WA Cat 3A

None identified None identified None, but detailed
device performance
characteristics from
model is essential for
dynamic range and
timing specification.
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Table 5.10-2.   Nuclear Weapons Development Testing Reference Data

(cont’d)

Technology Technical Issues Military Applications Alternative Technologies

HYDRODYNAMIC TESTING

Pin domes Electrical connections, readouts.
Uncertainty of timing after HE initiation

Assuring proliferator that implosion
system works.

Simplest diagnostic currently
used; radio-lanthanum may be
substituted.  Also the electro-
magnetic technique could be
used.

HE pressure, temperature, and
shock transducers

Speed, reliability, accuracy Verifying operation of complex
implosion designs

None, although primitive arrays of
crushable or frangible materials
could be used for coarse
measurements

Pulse generators to calibrate
cables, etc.

Repeatability Facilitating analysis of experiments by
allowing detailed calibration of cable
performance and delays

None, pulse generators are
readily available or could be
manufactured domestically

Coaxial cables Low loss over very long runs;
consistent impedance; low dispersion.
Cables with 1–5 dB attenuation over
100ft

Required to bring signal from test
apparatus to data recording

None, but older type cables may
be satisfactory in some cases,
particularly if the cable length is
kept small.

Cable connectors Low loss at connections; low
dispersion; repeatability

Required to link cables None, but older connectors may
provide adequate performance if
the number of joints is minimized.

Fast oscilloscopes, usually with
storage features

Sweep speed, sensitivity, rise time Principal extreme speed data
recording device

Modern oscilloscopes are
necessary for precision testing of
advanced design weapons, but it
must be remembered that most
weapon types ever manufactured
were tested using oscilloscopes
which are no better than those
found in commercial applications
today.

Oscilloscope cameras Triggerable shutter with film cassette Data recording of fast transient events
from scope screen

Flash digitizers or storage scopes

Transient recorders (flash
digitizers)

Speed, memory capability, computer
data acquisition system

Data recording of fast transient events
using digital recording

Scope cameras

Time-delay generators Accuracy, predictability, and
repeatability

Synchronizing recording devices None, but adequate generators
are found in TV stations.  In some
cases simple cable lengths could
be used
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Table 5.10-2.   Nuclear Weapons Development Testing Reference Data (cont'd)

Technology Technical Issues Military Applications Alternative Technologies

Flash x-ray generators Photon energy and spectrum; power
output; rise time; pulse length;
repeatability

Observing interior of imploding system Energy below the 500 KeV of the
NDUL will probably be satisfactory

X-ray recording systems (photo) Sensitivity; uniformity of response
over film surface

Observing interior of imploding system Digital radiographic arrays of
scintillating crystals with photo-
diodes attached

Mechanical framing cameras Speed; repeatability; frame-to-frame
uniformity

Recording one or more frames from x-
ray burst.

Fast video recorders with MCP
gating for time elapsed images

Mechanical streak cameras Speed; repeatability Observing high speed phenomena Electronic streak cameras

X-ray recording systems (digital) Linearity of response; response time Observing interior of imploding
systems and recording information for
computer analysis

Photographic approaches

X-ray recording systems (analog) Linearity of response; response time Observing interior of imploding
systems and recording information for
off-line analysis

Fast video recorders with MCP
gating for time elapsed images or
framing cameras

Multistage light gas guns or other
high velocity gun systems (coil,
electromagnetic, electrothermal,
or other advanced systems).

“Muzzle” velocity; repeatability;
precision of adjustment; sensors in or
on test samples.

Determining the equation of state of
fissile materials at values of pressure,
temperature and density found in
nuclear explosive devices.

EOS data for uranium were
published in open literature in
1947.

HYDRONUCLEAR TESTING (up to few ton yield range)

Neutron pinex (pinhole)
photography

Pinhole size, location from device,
data recording system and shuttering

Observing onset of nuclear reactions
in imploding device and imaging the
imploding system to assess uniformity
and deviations from symmetry

None identified

Gamma pinex (pinhole)
photography

Pinhole size, location from device,
data recording system and shuttering

Observing onset of nuclear reactions
in imploding device and imaging the
imploding system to assess uniformity
and deviations from symmetry

None identified

Gamma detectors (e.g., sodium
iodide, GeLi, etc.)

Size (large enough to prevent escape
of photons); crystal quality; coupling
of output signal from detector to
photomultiplier or other light-to-
electrical transducer.

Observing onset of nuclear reactions
in imploding device

Triggered wire proportional
chambers; spark chambers.  If
the yield is large enough simple
Compton current detectors can be
used

Compton current gamma
detectors

Yield must be high enough for
significant Compton currents to be
generated

Observing time development of
gamma rays from nuclear event

Crystal gamma detectors

(cont’d)
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Table 5.10-2.   Nuclear Weapons Development Testing Reference Data (cont'd)

Technology Technical Issues Military Applications Alternative Technologies

Neutron detectors, standard
nuclear approaches

Efficiency, uniformity, repeatability,
high-speed response

Determining rate of multiplication of
chain reaction in order to assess
degree of implosion and probable
yield.

None.  If the yield is big enough,
simple faraday cups measuring
the proton current from (n,p)
reaction in a CH foil could be used

Neutron detectors, faraday cup
approach

Efficiency, uniformity, repeatability,
high-speed response

Determining rate of multiplication of
chain reaction in order to assess
degree of implosion and probable
yield.

Neutron detectors, standard
nuclear approaches

Cable crush yield measurement Time domain reflectometry of cable
during event.

Measurement of shock-wave propa-
gation in material near event site

Neutron measurements or rad-
chem techniques

X- and gamma-ray detectors Size (large enough to prevent escape
of photons); crystal quality; coupling
of output signal from detector to
photomultiplier or other light-to-
electrical transducer.

Determining rate of multiplication of
chain reaction in order to assess
degree of implosion and probable
yield.  (n,gamma) reactions may be
easier to measure than direct
neutrons.  Determine temperature of
nuclear reaction.

Triggered wire proportional
chambers; spark chambers.  If
the yield is large enough, simple
Compton current detectors can be
used

Photomultiplier tubes Rise time, transit time, noise level, UV
sensitivity; reliability in high radiation
environment

Sensor used in many of the detectors
used for particle counting

None, but satisfactory PM tubes
are commonly available, most
from Japan.

Coaxial cables Low loss over very long runs;
consistent imepdance low dispersion.
Cables with 1–5 dB attenuation over
100 ft

Link test device to electronic data
recording instruments.

Older cables with poorer dielectric
properties, particularly if cable
lengths can be minimized.  Fiber-
optic cables.

Cable connectors Low loss at connections; low
dispersion; repeatability.

Link cables to one another and to
device and recording instruments

Older connectors may be used.

Fast oscilloscopes, usually with
storage features

Sweep speed, sensitivity, rise time Principal extreme speed data
recording device

Modern oscilloscopes are neces-
sary for precision testing of
advanced design weapons, but
most weapon types ever manu-
factured were tested using
oscilloscopes which are no better
than those found in commercial
applications today.

Transient recorders (flash
digitizers)

Speed, memory capability, computer
data acquisition system

Data recording of fast transient events
using digital recording

Scope cameras

(cont’d)
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(cont’d)

Technology Technical Issues Military Applications Alternative Technologies

NUCLEAR YIELD TESTING (Underground)

Drilling machinery Bit diameter; ability to drill to great
depths.

Prepare site for installation of nuclear
test device

Convert existing mines; use dedi-
cated horizontal shafts
excavated with conventional
techniques

Hole stemming technologies to
ensure acceptable containment

Gas tightness; ability to withstand
ground shock and effects of device on
base of the stem.  Ability to contain
debris for extended period.

Close borehole so that debris from
nuclear test does not escape.
Preventing the escape of radioactive
debris denies adversaries a valuable
look at the performance of the test
device.  Needed to comply with Limited
Test Ban Treaty.

Many types of stemming will
probably be reasonably effective.
This is a civil construction issue,
and has been moderately well
documented in the open literature.
Fundamental technologies are not
exotic.

Neutron detectors Efficiency, uniformity, repeatability,
high speed response; calibration and
calibration stability

Determining rate of multiplication of
chain reaction in order to assess
degree of implosion and probable
yield.

None; if the device yield is great
enough simple faraday cups
measuring the proton current from
(n,p) reactions in a polyethylene
(CH) foil could be used.

X- and gamma-ray detectors Size (large enough to prevent escape
of photons); crystal quality; coupling
of output signal from detector to
photomultiplier or other light-to-
electrical transducer.

Determining rate of multiplication of
chain reaction in order to assess
primary performance.  (n,gamma)
reactions may be easier to measure
than direct neutrons.  Determine
temperature of nuclear reaction.
Estimate ability of primary to drive
secondary.

Triggered wire proportional
chambers; spark chambers.  If
the yield is large enough, simple
Compton current detectors can be
used.

Photomultiplier tubes Rise time, size of output pulse,
linearity of output pulse size vs. input
signal.

Sensor used in many of the detectors
used for particle counting

Older-design tubes with >1 ns
risetime may be useful,
particularly for unboosted fission
devices.  Interstage timing
requires higher speed.

Microchannel plate Rise time, size of output pulse,
linearity of output pulse size vs. input
signal.

Faster-responding photomultiplier PM tubes with slower responses

Fast frame-rate vidicon Phosphor type for persistence,
readout electronics

Obtaining images of exploding device CCD or CID cameras

Fiber-optic cables Loss; dispersion, band width of
transmitters and receivers

Transmitting large amounts of data
from down-hole to recording facility.
Also for direct transmission of optical
output of detectors for up-hole
recording.

Coaxial cables
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Technology Technical Issues Military Applications Alternative Technologies

Gamma and x-ray scattering
stations

Fluxes, detector response for dynamic
range and bandwidth.

Observing developing radiation
without overloading sensors.  Scatters
small fraction of primary radiation to a
sensor which cannot “see” device
directly.

Not needed for many types of
tests.  Increasing standoff
distance of detector package
allows for other approaches

Neutron scattering stations Fluxes, detector response for dynamic
range and bandwidth.

Observing developing radiation
without overloading sensors.  Scatters
small fraction of primary radiation to a
sensor which cannot “'see” device
directly.

Not needed for many types of
tests.  Increasing standoff
distance of detector package
allows for other approaches

Neutron pinex (pinhole)
photography

As above, but for much larger neutron
fluences

Image device during nuclear explosion
period

X-ray pinex

X-ray pinex (pinhole) photography As above, but for much larger photon
fluences

Image device during nuclear explosion
period

Neutron pinex

Fireball cameras (including
special 3-layer films)

Shutter; film advance mechanism Photograph fireball for conventional
viewing.  Special film has 3 layers with
different sensitivities, typically
between ISO 0.001 and 1,000 so that
both early and late stages of explosion
can be recorded on the same film.

None, but most underground tests
do not photograph fireball

Streak cameras Device performance forecast Photograph high-speed events during
explosion

None, but commercial hardware
may suffice

Framing cameras Device performance forecast Photograph high-speed events during
explosion

None, but commercial hardware
may suffice

Local seismic systems Understanding of local geology Make first determination of yield None.  Standard seismographic
techniques

Radiochemical tracer isotopes Placement of tracers, drill back
technology, radiological hazard
handling of materials

Make most accurate determination of
yield

Neutron or photon flux
measurements

Analysis of uncontained gases Placement of sample collecting
devices

Supplements radiochemical analysis
and may give details of the
performance of a complex device.

Radiochemical analysis of debris
in shot hole

(cont’d)
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Table 5.10-2.   Nuclear Weapons Development Testing Reference Data (cont'd)

Technology Technical Issues Military Applications Alternative Technologies

Fast oscilloscopes, usually with
storage features

Sweep speed, sensitivity, rise time Principal extreme speed data
recording device

Modern oscilloscopes are
necessary for precision testing of
advanced design weapons, but
most weapon types ever
manufactured were tested using
oscilloscopes which are no better
than those found in commercial
applications today.

Coaxial cables Low loss over very long runs;
consistent impedance low dispersion.
Cables with 1–5 dB attenuation over
100 ft.

Link test device to electronic data
recoridng instruments.

Older cables with poorer dielectric
properties, particularly if cable
lengths can be minimized.
Fiberoptic cables.

Cable connectors Low loss at connections; low
dispersion; repeatability.

Link cables to one another and to
device and recording instruments.

Older connectors may be used.

Analog-to-digital converters Time response, dynamic range, event
performance forecast

Convert readily made analog
measurements to digital values for
post-shot computer analysis.

Scopes with scope cameras and
digitizing of film
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SECTION 5.11—NUCLEAR WEAPONS CUSTODY,  TRANSPORT, AND CONTROL

OVERVIEW
The enormous destructive power and the small physical size of many modern

nuclear weapons has led to the development of stringent measures to ensure against
theft or unauthorized use.  In addition, much effort has gone into the development of
safe and secure methods of transporting nuclear weapons and into the development of
training and operational concepts so that, if needed, nuclear weapons will be used to
the greatest effect.  Generally, these technologies and related processes are not unique
to nuclear weapons or necessarily lie on a path to nuclear weapons.  The technologies
for the custody, transport, and control of nuclear weapons are all commercially avail-
able.

DoD’s approach to maintaining the physical security of nuclear weapons is man-
power intensive.  Large numbers of security personnel accompany the vehicle(s) actu-
ally transporting nuclear weapons.  Civil law enforcement personnel lead the convoy,
while a considerable number of military vehicles—on the land and in the air—are
added to handle physical security.  Constant secure radio contact is maintained with a
home base that is ready to respond with additional security personnel should the need
arise.  With routings varied and classified, and with massive amounts of physical secu-
rity, DoD ensures that each nuclear weapon is kept safe and secure while en route to be
mated with its corresponding delivery system.  Once mated, DoD provides multiple
layers of protection, often including roving patrols for nuclear-loaded aircraft.  In
addition, when missiles were not in hardened silos, multiple guards were required for
missiles carrying nuclear weapons.  The DoD requires more than one guard for any
maintenance actions on nuclear-loaded missiles.

Two-man control and no-lone zones apply in nuclear-weapon-related activities; in
U.S. practice such operations are unique to nuclear operations.  Increased security is
also the rule when dealing with nuclear weapons.  When moving nuclear weapons on
DoD sites, the routes are typically swept and “sanitized” before the move.

RATIONALE

As noted previously, all of the technologies involved are commonly available in-
dustrial technologies fundamental to security operations worldwide.  The entire spec-
trum of sensor technology and communications technology—both secure and
nonsecure—can be included in the custody, transport, and control of nuclear weapons.

Monitoring many of these technologies is difficult, and their acquisition only means
that the acquiring state or subnational group has something very important to pro-
tect—but it does not have to be a nuclear weapon.  Also, procedural changes in secu-
rity forces which identify uniquely nuclear operations are equally difficult to deter-
mine.

Since the new proliferant or subnational actor will most likely have a very limited
number of nuclear weapons, increased security would be required for protection of the
weapons as well as to prevent the use of the weapon

FOREIGN TECHNOLOGY ASSESSMENT (See Figure 5.0-2)

The fundamental technologies for custody, transport, and control of nuclear weap-
ons can be found in essentially every military in the world, for they simply involve the
provision of a well-disciplined guard force in adequate strength to defend against any
likely threat.  The assessed security requirement will depend upon the country in ques-
tion.

The United States has a long lead over most other countries in technology-
intensive ways of protecting nuclear weapons.

Highlights

• Nuclear weapons must be protected against theft or damage during
transport; this function is frequently accomplished by an adequate 
guard force.

• Technologically based security is provided by a mix of 
technologies, no one of which is extremely sensitive.  Taken in the 
aggregate, the methods of securing nuclear weapons are highly 
sensitive.  Most of the technologies themselves are unclassified.

• Standing up of elite forces to deliver and secure nuclear weapons 
might be an intelligence indicator that a proliferant was on the 
verge of obtaining nuclear weapons.
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Table 5.11-1.  Nuclear Weapons Custody, Transport, and Control Technology Parameters

Technology
Sufficient Technology

Level
Export Control

Reference
Critical

Materials
Unique Test, Production,

and Inspection Equipment
Unique Software
and Parameters

Motion Detection
Sensors/Alarms

Any level which impedes the
operations of EOD teams
seeking access to IND.

None identified None identified None identified None identified

Laser Detection
Systems

Any level which delays or
denies access to IND.

None identified None identified None identified None identified

Temperature Sensitive
Sensors/Alarms

Any level. None identified None identified None identified None identified

Radios and Trans-
ceivers.  Systems, sub-
systems or equipment
developed or modified for
security communications
networks or C4I systems
that perform integrated
C4I system security
communications network
functions

Systems engineered to be
difficult to detect or which do
not transmit in plain language
and where decrypting cannot
be done in real time.

None identified Encryption chip
manufacture

None identified None identified

Acoustic detection
sensors/alarms

Any level which impedes the
operations of EOD teams
seeking access to IND.

None identified None identified None identified None identified

Pressure sensitive
detectors/alarms

Any level which impedes the
operations of EOD teams
seeking acess to IND.

None identified None identified None identified None identified
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Table 5.11-2.  Nuclear Weapons Custody, Transport, and Control Reference Data

Technology Technical Issues Military Applications Alternative Technologies

Motion Detection Sensors/Alarms None identified Security and defensive only.  May be
used to protect emplaced devices.

None identified

Laser Detection Systems None identified Security and defensive only.  May be
used to protect emplaced devices.

None identified

Temperature Sensitive Sensors/
Alarms

None identified Security and defensive only.  May be
used to protect emplaced devices.

None identified

Radios and Transceivers.  Sys-
tems, subsystems or equipment
developed or modified for security
communications networks or C4I
systems that perform integrated
C4I system security communi-
cations network functions.

Encryption level required to gain tac-
tical security (decrypt time circa 2–4
hours for someone not in possession
of the key).

For this application, security and
defensive only.  However, any C4I
capability can be used offensively to
coordinate attacks.  Encryption used
to gain tactical OPSEC.

None identified

Acoustic Detection Sensors/
Alarms

None identified Security and defensive only.  May be
used to protect emplaced devices.

None identified

Pressure Sensitive Sensors/
Alarms

None identified Security and defensive only.  May be
used to protect emplaced devices.

None identified
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SECTION 5.12—HEAVY WATER PRODUCTION

OVERVIEW

Heavy water, D2O, is water in which both hydrogen atoms have been replaced
with deuterium, the isotope of hydrogen containing one proton and one neutron.  It is
present naturally in water, but in only small amounts, less than 1 part in 5,000.  Heavy
water is one of the two principal moderators which allow a nuclear reactor to operate
with natural uranium as its fuel.  The other moderator is reactor-grade graphite (graph-
ite containing less than 5 ppm boron and with a density exceeding 1.50 gm/cm3).  The
first nuclear reactor built in 1942 used graphite as the moderator; German efforts dur-
ing World War II concentrated on using heavy water to moderate a reactor using natu-
ral uranium.

The importance of heavy water to a nuclear proliferator is that it provides one
more route to produce plutonium for use in weapons, entirely bypassing uranium en-
richment and all of the related technological infrastructure.  In addition, heavy-water-
moderated reactors can be used to make tritium.

Although one speaks of “making” heavy water, deuterium is not made in the pro-
cess; rather, molecules of heavy water are separated from the vast quantity of water
consisting of H

2
O or HDO (singly deuterated water), and the “dross” is discarded.

Alternatively, the water may be electrolyzed to make oxygen and hydrogen containing
normal gas and deuterium.  The hydrogen can then be liquefied and distilled to sepa-
rate the two species.  Finally, the resulting deuterium is reacted with oxygen to form
heavy water.  No nuclear transformations occur.

RATIONALE

The production of heavy water in significant amounts requires a technical infra-
structure, but one which has similarities to ammonia production, alcohol distillation,
and other common industrial processes.  One may separate heavy water directly from
natural water or first “enrich” the deuterium content in hydrogen gas.

It is possible to take advantage of the different boiling points of heavy water
(101.4 °C) and normal water (100°C) or the difference in boiling points between deu-
terium (–249.7 °C) and hydrogen (–252.5 °C).  However, because of the low abun-
dance of deuterium, an enormous amount of water would have to be boiled to obtain
useful amounts of deuterium.  Because of the high heat of vaporization of water, this
process would use enormous quantities of fuel or electricity.  Practical facilities which
exploit chemical differences use processes requiring much smaller amounts of energy
input.

Separation methods include  distillation of liquid hydrogen and various chemical
exchange processes which exploit the differing affinities of deuterium and hydrogen
for various compounds.  These include the ammonia/hydrogen system, which uses
potassium amide as the catalyst, and the hydrogen sulfide/water system (Girdler Sul-
fide process).

Separation factors per stage are significantly larger for deuterium enrichment than
for uranium enrichment because of the larger relative mass difference.  However, this
is compensated for because the total enrichment needed is much greater.  While 235U is
0.72 percent of natural uranium, and must be enriched to 90 percent of the product,
deuterium is only .015 percent of the hydrogen in water and must be enriched to greater
than 99 percent.

If the input stream has at least 5 percent heavy water, vacuum distillation is a
preferred way to separate heavy from normal water.  This process is virtually identical
to that used to distill brandy from wine.  The principal visible difference is the use of a
phosphor-bronze packing that has been chemically treated to improve wettability for
the distillation column rather than a copper packing.  Most organic liquids are non-
polar and wet virtually any metal, while water, being a highly polar molecule with a
high surface tension, wets very few metals.  The process works best at low tempera-
tures where water flows are small, so wetting the packing in the column is of particular
importance.  Phosphor-bronze is an alloy of copper with .02–.05 percent lead,
.05–.15 percent iron, .5–.11 percent tin, and .01–.35 percent phosphorus.

Highlights

• Heavy water is separated from ordinary water by enrichment 
cascades.

• The separation factor at each stage is higher for heavy water than for
uranium, but heavy water must be enriched far more than uranium.

• Practical heavy water plants use chemical exchange processes such 
as H2 S/H 2 O (Girdler Sulfide) or NH 3 /H  .  2 

• Distillation columns to “finish” heavy water enrichment to >99.75% 
are similar to those used in distilling brandy from wine.
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The Bruce Heavy Water Plant in Ontario, Canada, is the world’s largest producer
of D2O.  It uses the Girdler Sulfide (GS) process which incorporates a double cascade
in each step.  In the upper (“cold,” 30–40 °C) section, deuterium from hydrogen sul-
fide preferentially migrates into water.  In the lower (“hot,” 120–140 °C) section, deu-
terium preferentially migrates from water into hydrogen sulfide.  An appropriate cas-
cade arrangement actually accomplishes enrichment.

In the first stage the gas is enriched from 0.015% deuterium to 0.07%.
The second column enriches this to 0.35% , and the third column
achieves an enrichment between 10% and 30%  deuterium.  This
product is sent to a distillation unit for finishing to 99.75% “reactor-
grade” heavy water.  Only about one-fifth of the deuterium in the
plant feed water becomes heavy water product.  The production of a
single pound of heavy water requires 340,000 pounds of feed
water.20

Proliferation Implication Assessment

Heavy water is the key to one type of reactor in which plutonium can be bred from
natural uranium.  As such, the production of heavy water has always been monitored,

and the material is export controlled.  In addition, a source of deuterium is essential for
the production of tritium and  6LiD, two ingredients of thermonuclear weapons.  A
nation seeking large quantities of heavy water probably wishes to use the material to
moderate a reactor, and may be planning to produce plutonium.  However, CANDU
(CANadian Deuterium Uranium) reactors designed and built in Canada are used for
commercial electric power production.

FOREIGN TECHNOLOGY ASSESSMENT (See Figure 5.0-2)

Heavy water is produced in Argentina, Canada, India, and Norway.  Presumably,
all five declared nuclear weapons states can produce the material.  The first commer-
cial heavy water plant was the Norsk Hydro facility in Norway (built 1934, capacity
12 metric metric tons per year); this is the plant which was attacked by the Allies to
deny heavy water to Germany.  As stated above, the largest plant, is the Bruce Plant in
Canada (1979; 700 metric tons/year).  India’s apparent capacity is very high, but its
program has been troubled.  Accidents and shutdowns have led to effective limitations
on production.

20 Isotope Enrichment, Office of Nonproliferation and National Security, U.S. Department of
Energy, Nuclear Nonproliferation Workshop. K/NSP-121/PT 5/R3, May 1996 (Unclassified).
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Table 5.12-1.  Heavy Water Production Technology Parameters

(cont’d)

Technology
Sufficient Technology

Level
Export Control

Reference
Critical

Materials
Unique Test, Production,

and Inspection Equipment
Unique Software
and Parameters

Pumps for potassium
amide/liquid ammonia

Hermetically sealed; capacity
>8.5 cubic meters per hour.
Concentrated potassium
amide (>1%) operating at
15–600 atm.
Dilute potassium amide (<1%)
operating at 200–600 atm.

NDUL 4;
NRL-K

Forgings to
withstand pressure

All parts contacting
solutions must be free of
hydrocarbons and
fluorocarbons

None identified

Water-hydrogen sulfide
exchange tray columns

Effective assembled
diameter of 1.8 m or greater.
Fabricated from fine carbon
steel (e.g., ASTM A516) with
diameters from 6 m to 9 m
capable of operating at
pressures greater than or
equal to 2 MPa (200 atm) and
with a corrosion allowance of
6 mm or more.  Note that a
“sufficient” tower may be
smaller but probably must
operate in a similar pressure
range.

NTL B6;
NRC-K;
NDUL 4;
CCL Cat 1B

Blowers and com-
pressors for H2S
circulation.
Throughput capacity
greater than or equal
to 56 cubic meter/s
while operating at
pressures greater
than or equal to
1.8 MPa (260 psi)
suction with seals
designed for wet H2S
service.  Note that
“sufficient” pumps
may have less capa-
city but probably
operate in a similar
pressure range.

None identified None identified

Ammonia-hydrogen
exchange towers

35 m or more in height with
diameters of 1.5–2.5 m capa-
ble of operating at pressures
>15 MPa (2,225 psi).  These
towers have at least one
flanged axial opening of the
same diameter as the cylin-
drical part of the tower in
order to insert or withdraw
tower internals.

NRL-B6;
NRC-K

Stage pumps and
contactors to
promote intimate
gas/liquid contact.
Pumps must be
submersible.

None identified None identified

Infrared absorption
analyzers

On-line analysis of hydrogen/
deuterium ratios where
deuterium concentrations are
greater than or equal to 90%

NTL-B6;
NRC-K

None identified None identified None identified
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Table 5.12-1.  Heavy Water Production Technology Parameters (cont'd)

Technology
Sufficient Technology

Level
Export Control

Reference
Critical

Materials
Unique Test, Production,

and Inspection Equipment
Unique Software
and Parameters

Catalytic burners for
conversion of deuterium
gas into heavy water
especially following the
ammonia-hydrogen
exchange process

Possession of catalysts;
alternatively, can use simple
combustion

NTL-B6;
NRC-K

None identified None identified None identified

Phosphor-bronze mesh
packings for use in
vacuum distillation of
heavy water and
chemically treated to
improve wettability

Possession NDUL 4;
CCL Cat 1A

None identified None identified None identified

Cryogenic distillation
towers

Operate at temperatures
<35 K and at pressures of
0.5–5 MPa (5–50 atm).
Generally >1 m in diameter
and with effective length of at
least 5 m.

NDUL 4;
CCL Cat 1B

Fine-grain austenitic
stainless steel with
an ASTM or equiva-
lent standard grain
size number of 5 or
greater

None identified None identified

Ammonia converters or
synthesis units

Operating pressure of
20–60 MPa, typically 3–5 m in
diameter and 9–12 m long.

NDUL 4;
CCL Cat 1B

Stainless steel lining None identified None identified
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Table 5.12-2.  Heavy Water Production Reference Data

Technology Technical Issues Military Applications Alternative Technologies

Pumps for potassium amide/liquid
ammonia

None identified Preparation of heavy water for
plutonium or tritium production
reactors

Hydrogen sulfide process;
vacuum distillation

Water-hydrogen sulfide exchange
tray columns

None identified Preparation of heavy water for
plutonium or tritium production
reactors

Ammonia hydrogen exchange
process; vacuum distillation

Ammonia-hydrogen exchange
towers

None identified Preparation of heavy water for
plutonium or tritium production
reactors

Hydrogen sulfide process;
vacuum distillation

Infrared absorption analyzers None identified Analysis of products from heavy water
plants

None identified

Catalytic burners for conversion
of deuterium gas into heavy water
especially following the ammonia-
hydrogen exchange process.

None identified Preparation of heavy water for
plutonium or tritium production
reactors

Conventional burning

Phosphor-bronze mesh packings
for use in vacuum distillation of
heavy water and chemically
treated to improve wettability

None identified Preparation of heavy water for
plutonium or tritium production
reactors

Ammonia-exchange or hydrogen
sulfide processes

Cryogenic distillation towers None identified Preparation of heavy water for
plutonium or tritium production
reactors

Ammonia-exchange or hydrogen
sulfide processes

Ammonia converters or synthesis
units

None identified Preparation of heavy water for
plutonium or tritium production
reactors

None identified
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SECTION 5.13—TRITIUM PRODUCTION

OVERVIEW

Tritium (3H) is essential to the construction of boosted-fission nuclear weapons.
A boosted weapon contains a mixture of deuterium and tritium, the gases being heated
and compressed by the detonation of a plutonium or uranium device.  The D-T mixture
is heated to a temperature and pressure such that thermonuclear fusion occurs.  This
process releases a flood of 14 MeV neutrons which cause additional fissions in the
device, greatly increasing its efficiency.

The tritium beta decay to 3He (mean beta particle energy 5.7 keV; decay energy
18.6 keV) can be easily detected or can cause some other compound to fluoresce.
Tritium is therefore used as a radioactive tracer element in biological research in the
form of tritiated water (HTO or T

2
O) and also used in capsules surrounded by a fluo-

rescing compound (e.g., zinc sulfide) to provide illumination which must be indepen-
dent of the electricity supply.  For example, it is used in emergency exit signs, self-
luminous airport runway and helicopter pad lights, and light wands for use in directing
traffic.  The amounts of tritium in runway lights, helipad lights, and light wands are
sufficiently great that they meet the NSG Dual-Use Annex specifications. Emergency
exit signs and aircraft emergency exit lights do not contain sufficient tritium to meet
the NDUL specifications for control.

The low energy of the beta decay means that tritium is not an external radiation
hazard because the charged decay products are stopped by 0.2 mil of water or a similar
shield.  However, tritium can pose an internal radiation hazard if tritiated water vapor
is inhaled or absorbed through the skin.  Because of its higher mass and consequent
lower chemical activity, tritium gas is less strongly absorbed by the body, whether
through the lungs or the skin.

Nuclear physics experiments in which tritium is compared to 3He have been im-
portant to our understanding of fundamental properties of the nuclear force.

RATIONALE

Tritium is rare in nature because of its 12.4-year half-life.  It is produced by cos-
mic radiation in the upper atmosphere where it combines with oxygen to form water.
It then falls to earth as rain, but the concentration is too low to be useful in a nuclear
weapons program.

Most tritium is produced by bombarding 6Li [6Li(n, a)3H] with neutrons in a reac-
tor; it is also produced as a byproduct of the operation of a heavy-water-moderated
reactor when neutrons are captured on the deuterons present.  It has been suggested
that it may be feasible to produce tritium in an accelerator (electronuclear breeder) in
which protons bombard an appropriate target.

Tritium can be stored and shipped as a gas, a metal hydride (e.g., of titanium) or
tritide, and trapped in zeolites (hydrated aluminum silicate compounds with uniform
size pores in their crystalline structure).  Stainless-steel cylinders with capacities up to
5.6 × 107 GBq (1.5 MCi) of tritium gas are used for transportation and storage and
must be constructed to withstand the additional pressure which will build up as tritium
gradually decays to 3He.

Tritium is used in boosted fission devices and in some designs for thermonuclear
weapons.

FOREIGN TECHNOLOGY ASSESSMENT (See Figure 5.0-2)

All five declared nuclear weapon states must have the underlying capability to
manufacture and handle tritium, although the United States has shut down its produc-
tion reactors due to safety considerations.  Canada manufactures tritium as a byproduct
of the operation of CANDU reactors.  In principle, limited amounts of tritium could be
made in any research reactor with the ability to accept a target to be irradiated.

Highlights

• Tritium is essential for producing boosted-fission weapons.
• Practical quantities of tritium must be produced in a nuclear reactor 

or in an electronuclear breeder.
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Table 5.13-1.  Tritium Production Technology Parameters

Table 5.13-2.  Tritium Production Reference Data

Technology Technical Issues Military Applications Alternative Technologies

Elemental tritium Production; transport; use;
weaponization

Thermonuclear and boosted fission
weapons

None identified

Storage and shipping Hydriding of metals; pressure vessels;
knowledge of properties of hydrogen
and hydrides; pressure-testing
equipment

Gas storage and handling for weapons None identified

Production reactor Operation of research or production
reactors with fertile targets

Production of materials for TN and
boosted fission weapons

Electronuclear breeder

Electronuclear breeder Design, development, and test of
accelerator and target systems;
supply of electricity; fabrication of
copper components or
superconducting cavities; target
design and construction.

Production of materials for TN and
boosted fission weapons

Reactor; usually heavy-water-
moderated

Technology
Sufficient Technology

Level
Export Control

Reference
Critical

Materials
Unique Test, Production,

and Inspection Equipment
Unique Software
and Parameters

Elemental tritium Any pure quantity NDUL 8;
NRC L

6Li for production
target; heavy water

Production reactor or
electronuclear breeder.

None identified

Storage and shipping Stainless steel cylinders
capable of withstanding at
least twice the initial tritium fill
pressure.  Also metal hydride
storage cylinders.

None identified Stainless steel;
titanium or uranium
for hydriding tritium.

None identified None identified

Production reactor Nuclear reactor operating
with a surplus of neutrons
suitable for irradiating a
target.  Frequently heavy-
water-moderated.

NTL B1;
NRC A

6Li targets for
irradiation

None identified Nuclear reactor codes
specially modified to
take into account
neutron absorption in a
fertile target.

Electronuclear breeder High current proton
accelerator (>1 mA
continuous at >100 MeV)

None identified High-purity copper
or superconducting
(usually niobium)
accelerator
cavities); 6Li

Special accelerator;
equipment for construc-
tion and test of (usually
niobium) superconduct-
ing RF cavities;
extremely rapid-acting
vacuum valves.  Cooled
lithium neutron target;
neutron production
target.

Accelerator design and
operating software
specially adapted to the
case of high current
operation


