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Did North Korea Successfully Conduct a Nuclear

partly successful. To this end, we review what

Test? A Technical Analysis

can be determined from the test’s seismic
signature; from the release of gaseous fission

By Jungmin Kang and Peter Hayes

products; and from hypothetical analysis of
plutonium debris from the test.

Jungmin Kang, Science Fellow at the Center for
International Security and Cooperation (CISAC)
at Stanford University, and Peter Hayes, Nautilus
Institute Executive Director, write, “Having
tested and failed, the DPRK can no longer rely on
opacity as the basis for having a credible nuclear
force, at least sufficiently credible to threaten its
adversaries with a nuclear explosion. The DPRK
might believe that a half kilotonne “mininuke”
still provides it with a measure of nuclear

We conclude that the DPRK test did not enable it

deterrence and compellence; but it could not rely
on other nuclear weapons states to perceive it to

to pole-vault into the ranks of nuclear weapons

have anything more than an unusable, unreliable

states. Although the timing remains uncertain,

and relatively small nuclear explosive device.”

we forecast that the DPRK will test again in order
to demonstrate decisively that it has a working

Introduction

nuclear device that can be weaponized, on a par
with other nuclear weapons states. Meanwhile,

In this study, we analyze the DPRK nuclear test
on October 9, 2006 and provides basic insight

the DPRK inhabits a peculiar and ambiguous

into what information must be obtained in order

status between having declared itself to be

to determine the size of the explosive force by the

nuclear-armed, and having demonstrated by its

North Korean test, and whether it was only

test that it is not capable of such armament.
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Mb = 4.262+0.973 logY

This uncomfortable status offers the United
States new leverage whereby it may either make

Where, Mb: Richter seismic scale, and

the situation worse, for example, by reasserting
nuclear deterrence threats against the DPRK

Y: yield of nuclear explosion.

thereby hastening the day of a second test; or

The US Geological Survey has published a

shape the external political factors that interact to

reading of 4.2 on the Richter scale at location of

affect the DPRK leadership’s calculus in ways

41.294°N and 129.134°E for the DPRK nuclear

that may lead the DPRK to abandon its efforts to

test. The Complete Test Ban Treaty Organization

demonstrate decisively its acquisition of nuclear

announced that it registered at 4.0 on the Richter

weapons capacity by a second test.

scale. (4)
A reading of 4.0 and 4.2 on the Richter scale
would corresponding to a nuclear explosive yield
of about 0.5 and 0.9 kt of TNT-equivalent,
respectively, according to the above equation.
Thus, the most easily obtained estimate of the
size of the explosion is 0.5-0.9 kt. This is a yield
given for small tactical nuclear warheads
formerly in the American arsenal; and is a small

Bush condemns nuclear

fraction of the yield of first tests of other

testing of North Korea.

countries (19 kt US, 25 FSU, 25 UK, 60 France, 22
China, 12 India, ~9 Pakistan). (5) It led some

1. Relationship between seismic magnitude and

pundits to wonder whether the DPRK even

yield of underground nuclear explosion

conducted a nuclear explosion at all at the test
site.

The relationship between the seismic magnitude
and the yield of a nuclear explosion varies

2. Radionuclide measurement for the

according to local geological conditions. (1)

confirmation of nuclear explosion

Nonetheless, the following equation is generally
applicable in the interpretation of relationship

This issue was resolved decisively when the US

between seismic magnitude and yield of nuclear

Director of National Intelligence stated decisively

explosion (less than 120 kt of TNT equivalent (2))

that: "Analysis of air samples collected on

in a hard rock underground nuclear test. (3)

October 11, 2006 detected radioactive debris
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which confirms that North Korea conducted an

total radioactivities of radioactive xenon and

underground nuclear explosion in the vicinity of

Kr-85 produced from the DPRK nuclear test of

P'unggye on October 9, 2006. The explosion yield

Oct. 9, 2006 assuming that the test had a 1kt TNT

was less than a kiloton." (6) This statement is

equivalent explosive yield. (11)

consistent, therefore, with the simply physical

How much of these fission products leaked from

calculation provided in section 1 but adds some

the DPRK underground test site is unknown,

additional information from analysis of fission

although typically the quantities are a small

products from the test explosion.

fraction of the total radioactivity. The downwind

The North Korean test was almost certainly a

concentration is then a function of topography,

bomb that used plutonium rather than enriched

wind and weather patterns, and time. However,
it appears certain from the public statement of

uranium although the DNI did not state this in

the US Director of Intelligence that levels at or

public. (7) When a small mass of plutonium

above the minimum detectable concentration

fissions in a chain reaction that causes the

were found and sampled. Given a detailed

explosion, various fission products are thereby

modeling of the air transport plume and the

created, including radioactive noble gas nuclides.

possible geological release pathways, it would be

Among these, Xe-131m, Xe-133, Xe-133m, and

possible from the measured concentrations to

Xe-135 are good indicators that are widely used

calculate ranges of estimated yield to compare

to monitor nuclear explosion because the

with the estimates obtained from the seismic

minimum detectable concentration of these gases

signature. However, given the large uncertainties

is so tiny in the downwind plume that spreads

in all these variables, especially the geology and

out from a test site--on the order of mBq per m3

nature of the test site, this latter backcasting

of air. (8) Another noble radioactive gas, Kr-85, is

would likely result in a very large range of

much less useful than Xe because of its long half-

estimates and add little useful extra information

life of 10.76 years and high atmospheric

to the seismic signature method of estimating

background concentration level that makes small

yield. Monitoring these gases, therefore, would

pulses from small tests hard to identify. (9)

provide a simple binary yes/no confirmation of

However, due to the short decay time of

the fact of a nuclear test rather than a reliable

radioactive xenon, collection and measurement

way to estimate the yield of the North Korean

of the radioactive xenon needs to be performed

test.

quickly after a nuclear explosion. (10)

3. Confirmation of yield of nuclear explosion

Using the ORIGEN2 code, Kang calculated the

using plutonium debris
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The seismic magnitude resulting from the DPRK

We know from the seismic analysis that the

underground nuclear test gives a rough estimate

explosive yield of the announced DPRK nuclear

of the yield of the explosion. The precise yield of

test is 1 kiloton or less of TNT equivalent. The US

the DPRK nuclear explosion can be confirmed by

Director of National Intelligence confirms that

measurements of some isotopic compositions of

the air samples collected contain radioactive
xenon of greater than minimum detectable

plutonium debris released from the explosion.

concentration and that the test was indeed a

Assuming that the plutonium used in the test

nuclear explosion. If we knew the isotopic ratios

was obtained from spent fuel from past operation

of the plutonium debris that resulted from the

of the Yongbyon 5 MWe graphite reactor, then

DPRK nuclear test, we could calculate the exact

we judge that the average burnup rate would

yield of the DPRK nuclear explosion, as analyzed

have been about 100-150 MWd/tHM for one year

in this study. We speculate that at this stage, it is

operation of the reactor; and about 300-600

unlikely that such information has been collected

MWd/tHM for 3-4 years operation. Depending

outside of the DPRK; but if it is available, that it

on the observed ratios and given the seismic

would likely simply confirm that the range was

signature, one could thereby determine either the

between 0.5 and 1 kilotonne of TNT equivalent.

“age” of the source plutonium (that is, which
period of operation of the reactor the plutonium

There are many possible reasons why the DPRK

was made based on knowledge of its operating

nuclear test yielded less than 1 kilotonne of TNT

history); or, the yield given knowledge of the

equivalent. The pre-detonation of the DPRK

other variables.

nuclear explosion could be caused by poor
machining of the device, the non-simultaneity of

In principle, by measuring the ratio of Pu-239 to

the detonation of the explosive charges used to

plutonium total and ratio of Pu-240 to Pu-239,

compress the plutonium mass, the poor shaping

calculated by the explosive yield estimated by

of these charges, the small amount of plutonium

from the seismic magnitude due to the nuclear

used and/or mixture of non-pure-plutonium

explosion, it is possible to calculate the exact

nuclides that might lead to pre-detonation,

yield of the nuclear explosion. In reality, we do

difficulties with the neutron initiator, and other

not expect that this method has been useful to

environmental factors such as the performance of

date due to the improbability that the United

a neutron reflector. (13)

States has collected plutonium debris from such a

Whatever the explanation, we conclude that the

small, underground test. (12)

DPRK test was more a failure than a success in

Conclusions

physical terms defined with respect to a usable
4
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nuclear device configured as a warhead.

trying to minimize the risk of radioactive

However, it was also a technical success in four

emissions and the political reaction to its test by

possible respects. The first and most important is

keeping the test very small. A combination of

that nuclear criticality was achieved. The DPRK

these four and other factors may be at play.

has likely been designing nuclear explosives of

Nonetheless, the fact is that the DPRK is now a

various scales for many years. The DPRK

self-declared nuclear weapons state, but not an

scientists and engineers working on the test

actual or demonstrated nuclear weapons state.

program will have learned a great deal from this

This is not a domestic political problem for Kim

first exercise, and will use this knowledge to

Jong Il at this time. Indeed, on October 20, 2006,

improve their design for a second test. Achieving

the leadership staged a “mass rally” in central

any level of nuclear explosion is a significant

Pyongyang to "welcome the historical successful

technical achievement and a pre-detonated

nuclear test” and, as one gigantic placard stated,

critical mass is simply one event along a

to “ardently congratulate the scientists,

spectrum of possible outcomes, all of which offer

technicians, and workers who succeeded in a

substantial learning opportunities and a basis for

nuclear test.”

on-going design work.

But for the reasons outlined above, the other

The second is that the DPRK may be confident

nuclear weapons states know the true state of

that it can explode larger nuclear weapons and

affairs. Until the test, it was possible for the

decided to tackle small warheads at the start of

DPRK to employ the “Israeli model” of nuclear

its test program in order to increase the speed

opacity as the basis for nuclear threat, whatever

with which it has a deployable long-range

the purpose of having such a threat capacity, and

weapon on a missile or other delivery system.

to keep everyone guessing.

This is more challenging technically and this first
test would assist them in this objective even if it

Having tested and failed, the DPRK can no

did not yield the desired explosive power.

longer rely on opacity as the basis for having a
credible nuclear force, at least sufficiently

The third is that the DPRK may not have much

credible to threaten its adversaries with a nuclear

plutonium due to difficulties with operating their

explosion. The DPRK might believe that a half

reactors in the last two decades and with

kilotonne “mininuke” still provides it with a

separating it from the spent fuel, and was

measure of nuclear deterrence and compellence;

economizing on their use of this scarce resource.

but it could not rely on other nuclear weapons

The fourth is that the DPRK may have been

states to perceive it to have anything more than
5
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an unusable, unreliable and relatively small
nuclear explosive device.
In short, the DPRK has now demonstrated that it
does not yet have a nuclear capacity that enables
it to threaten nuclear Armageddon against

Rice in Japan with Foreign

anyone but itself.

Minister Aso Taro.

Therefore, although it could exploit the residual
ambiguity that still shrouds its remaining

This article appeared at Nautilus on October 20, 2006

capacity to deploy nuclear weapons and not test

(http://www.nautilus.org/fora/security/0689HayesKa

again, we judge it to be more likely that the

ng.html). Nautilus is a public policy think-tank and

DPRK will test again to assert the credibility of its

community resource specializing in security and

nuclear arsenal and thereby, to truly join the

environmental issues. This abbreviated text was

ranks of the nuclear weapon states.

posted at Japan Focus on October 22, 2006.

The exact timing of the next test will determined
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