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Phys 280 Session 17

Module 6 — Nuclear Arsenals

RE4v1 due tomorrow, 4-1 at 10pm
- RPV1 due next week, 4-8 !!
Extra credit assignment — ACDIS Seminar 4-14, 5pm, Coble Hall

Golden Dome - A Scientific and Technical Assessment
Fred Lamb, Physics UIUC, Chair of the APS missile defense study

Abstract:

In May 2025, President Trump approved the Defense Department’s architecture and implementation
plan for “"Golden Dome"—a multilayered defense system with ground-, sea-, and space-based
components intended to protect the United States and its allies and their armed forces against attack
by aircraft, ballistic missiles, hypersonic glide vehicles, cruise missiles, and drones fired at anytime
from anywhere by any adversary, including peer and near-peer adversaries. This goal is clearly beyond
reach anytime soon. Even attempting to create such a system would cost hundreds of billions of

E dollars or more and have other serious consequences.




Status of Nuclear Nonproliferation Treaty

MNuclear Nonproliferation Treaty Ratification
Most of the world has ratified the United Nations' signature treaty on limiting nuclear weapons since the treaty was first signed in 1968.

M First decade:
19681977

M Second
decade: 1978-
1987

M Since 1988

M Not a party
to the treaty

Note: North Korea acceded to the treaty in 1985 but withdrew in 2003.

Source: United Nations. « Get the data Modified Graphic From: CFR, World 101 WQ r I d -I O-l



https://world101.cfr.org/global-era-issues/nuclear-proliferation/nuclear-nonproliferation-treaty
https://world101.cfr.org/global-era-issues/nuclear-proliferation/nuclear-nonproliferation-treaty
https://world101.cfr.org/global-era-issues/nuclear-proliferation/nuclear-nonproliferation-treaty

Chain of Proliferation

Ehe New York Times December 9, 2008
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This article has been revised to reflect the following carrection;

Correction: December 15, 2008
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Canada, which allowed India ro make fuel for its first nuclear test. It was @ CIRUS reactor, not a Candu reacror.




2023 Trends in Nuclear Warhead Inventories (Deployed + Stored)

Hans M. Kristensen, Matt Korda, and Eliana Reynolds, 2023
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https://fas.org/initiative/status-world-nuclear-forces/

Nuclear Weapons Stockpiles 1945-2023
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World Nuclear Weapons Stockpile 1945-2023
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Impact Technology Has on Evaluation of Nuclear Arsenals
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Suielin - strategic stability: The burst-

aromic .« height compensating super-fuze

Hans M. Kristensen, Matthew McKinzie, Theodore A. Postol

The US nuclear forces modernization program has been
portrayed to the public as an effort to ensure the
reliability and safety of warheads in the US nuclear
arsenal, rather than to enhance their military
capabilities. In reality, however, that program has
implemented revolutionary new technologies that will

vastly increase the targeting capability of the US (/bio/hans-m-
ballistic missile arsenal. This increase in capability is kristensen)
astonishing—boosting the overall killing power of '

existing US ballistic missile forces by a factor of roughly (/BIO/HANS-M-
three—and it creates exactly what one would expect to KRISTENSEN)

see, if a nuclear-armed state were planning to have the Kristensen is the director of
capacity to fight and win a nuclear war by disarming the Nuclear Information

. : - . Project with the Federation of
enemies with a Surprise first strike.

American Scientists (FAS) in
Washington, DC. His work

http://thebulletin.org/how-us-nuclear-force-modernization-undermining-strategic-stability-burst-height-compensating-super10578




How US nuclear force
—modernization is undermining
Suielin - strategic stability: The burst-
aromic .« height compensating super-fuze

Hans M. Kristensen, Matthew McKinzie, Theodore A. Postol

The US nuclear forces modernization program has been
portrayed to the public as an effort to ensure the
reliability and safety of warheads in the US nuclear
arsenal, rather than to enhance their military
capabilities. In reality, however, that program has
implemented revolutionary new technologies that will

vastly increase the targeting capability of the US (/bio/hans-m-
ballistic missile arsenal. This increase in capability is kristensen)
astonishing—boosting the overall killing power of '

existing US ballistic missile forces by a factor of roughly (/BIO/HANS-M-
three—and it creates exactly what one would expect to KRISTENSEN)

see, if a nuclear-armed state were planning to have the Kristensen is the director of
capacity to fight and win a nuclear war by disarming the Nuclear Information

Project with the Federation of

enemies with a surprise first strike. _ e ‘
American Scientists (FAS) in

Washington, DC. His work

http://thebulletin.org/how-us-nuclear-force-modernization-undermining-strategic-stability-burst-height-compensating-super10578




Impact Technology Has on Evaluation of Nuclear Arsenals
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Global Nuclear Weapon Inventory 2023 (Important)

NPT Nuclear Weapon States
US
UK
China
France
Russia
Non NPT Nuclear Weapons States
Pakistan
lsrael
India
NorthKorea

Amount of Weapans
0,244
20
40
290
5,689
Amount of Weapans
170
90
164
30

Trend Expectations
Decreasing Increased spending between 2023 and 2032
Increasing Projected by 2022 to be no more than 260
Increasing Over 1,000by 2030, 1,900 by 2035;fastest-growing
Equal
Increasing
Increasing
Equal
Increasing
Increasing inflated, but by 2027 151-242

Source: Status of World Nuclear Forces, Written by Hans M.
Kristensen and Matt Korda, Federation of American Scientists



Estimated Nuclear Alert Forces, 2017

Country Stockpiled Warheads Alert Warheads
United States

Russia
France
Britain
China
Pakistan
India
srael

North Korea

Total

Source:Hans Kristensen,

Nuclear Warheads on Alert

4,000 852
4,300 897
300 80°
215 40¢
270 0
140 0
120 0
80 0
(10-20) (0)
9,425 1,869

FAS, Alert Status of Nuclear Weapons

21% of Stockpile on Alert ICBMs: 392, SSBNSs: 460

21% of Stockpile on Alert ICBMs: 686, SSBNs: 211
27% of Stockpile on Alert SSBNs: 80

19% of Stockpile on Alert SSBNSs: 40
Warheads are not mated with delivery systems

Warheads are not mated with delivery systems

Warheads are not mated with delivery systems

Warheads are not mated with delivery systems

Warheads are not mated with delivery sysyems



Status
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Deployed

Delivery
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LUISSR:
2,347
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Strategic Nuclear Arms Control Agreements

Mg
Entered
Imto
Force

MSA

2,250

June
18,

189749
[ e
A

P&

MIA

I Forca®

MSA

Frohibits
Qo ima
based
missiles
of S0
5500 km
ram e
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Jualy
31,
1991
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1992

93-6

Mawior
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Into
Force

3,000-
3,500

MNCA

Jan. 3,
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A
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Source: Arms Control Association “Strategic Nuclear Arms Control Agreements”

Replaced

by M
START

1.700-
2,200

MA

May 24,
2002

March &,

2003

95-0

Jume 1,
2003

A,
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2011

MNew
INF START START
sl s

Expired
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700

April 8,
2010
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Fialb, &,
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Historic Strategic Nuclear Arms Control Agreements

Currently there are no
strategic nuclear arms
control agreements in place
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World Nuclear Weapons Stockpile

Gorbachev and Reagan’s “New Thinking”:
1985 - Geneva summit
1986 - Reykjavik summit E0,000
1987 - INF treaty

Berlin Wall falls 11-9-1989

Soviet Union dissolved on 12-26-1991 50,000
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Source: Federation of Atomic Scientists, Nuclear Notebook, Hans Kristensen
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Evolution of US and SU-Russian Strategic

Nuclear Warhead Numbers
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Evolution of US and SU-Russian
Strategic Nuclear Launcher Numbers
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US and Russian Warheads after New START

New START Treaty Aggregate Numbers of Strategic Nuclear Forces

2000

Counted US deployed strategic warheads Counted Russian deployed strategic warheads
A\

\ b

1800

1600 -

1400 -

New START deployed strategic warhead limit

1200 -

1000

New START deployed strategic launcher limit

800

600 -

400 -

200 -

Source: Federation of American Scientists



2018 Estimate of US Forces Under New START

Table 2. U.5. Strategic Muclear Forces under New START
(Estimated Current Forces and Potential New START Forces)

Estimated Forces, 20010

Planned Forces Under Mew START®

Total Deployed

Launchers Warheads Launchers Launchers Warheads
icem  Minutesman [l 399 N/A 454 400 400
SLBM TI‘IdEI"I[ 212 N/A 280 240 |,|:|5||:|
corpe, B52 - 44 £ 2
Bomber B-d 11 49 0 |8 g
Total 660 1393 800 100 |,550

Source for 2018 data: US Strategic Forces Uncer New Start (2018), Arms Control Association




Capacity of Existing Strategic

Delivery Systems US vs Russia
from Matt Korda and Hans M. Kristensen, FAS

Without New START there would be no remaining limit on nuclear arsenals (for
the first time since 1972). Both, Russia and the US could increase the arsenal of
warheads without adding delivery systems. The imbalance in the upload possible
+1700 for the US and + 950 for Russia easily could trigger investments into new
delivery systems and thus a costly arms race.

New START Treaty and US and Russian Warhead Upload Capacity

3500

Kristensen/Korda, FAS 2019
3,280

A

3000

Mote: East country has a small number of additional non-

deployed missiles and bombers in service that could
potentially also be uploaded with warheads in a crisis

2500 2441

US warhead
upload capacity

2000 Russian warhead

upload capacity

MNew START Treaty limit for deployed warheads: 1,550

1500 ~ -~~~ - SEEEEESEESEESEE S ST e T

1000

500

NST launchers NST warheads Max warheads NST launchers NST warheads Max warheads

(as of 1 Sep 2019) (as of 1 Sep 2019)
United States @

mICBMs mSLBMs m Bombers




U.S. and Russian “Tactical” Weapons in Europe

* The U.S. is thought to have 150 tactical nuclear weapons
based in Europe, in the form of aerial bombs.

* Most are based in Italy and Turkey, but some are based in
Germany, Belgium, and the Netherlands.

* Russia is thought to have about 2,000 operational “tactical”
nuclear weapons in its arsenal.

At the peak in 1971, 7100 U.S. tactical weapons were
stationed in Europe: removed for concerns with regards to
decision process of escalating conventional conflict and for
security risks arising from political terrorism in Europe.




Nuclear Labs, Plants, and Weapons locations (2017)
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Specific Warheads at Each Nuclear Weapons Facility (2019)

Rank State/Country Warheads Remarks

United States

1 Mew Mexico 2,485 Kirtland Underground Munitions and Maintenance Storage Complex (KUMMSC)
Occasionally at Los Alamos National Laboratory
Occasionally at Sandia National Laboratories

2 Washington 1,620° Strategic Weapons Facility Pacific (SWFPAC)
Maval Submarine Base Kitsap (SSBNs)

3 Georgia 1,100 Strategic Weapons Facility Atlantic (SWFLANT)
Naval Submarine Base Kings Bay (S5BNs)

4 Morth Dakota 350 91* Missile Wing silos for Minuteman III ICBMs
Minot AFB weapons storage area (ICBEMs/B-52s)

5 Montana 150 3415 Missile Wing silos for Minuteman III ICBMs
Malmstrom AFB weapons storage area

6 Missouri 100 Whiteman AFB weapons storage area

7 Texas B0 Fantex Plant (warhead assembly and dismantlement)”

B Mebraska 72 90" Missile Wing silos for Minuteman 111 ICBMs

9 Colorado 44 0™ Missile Wing silos for Minuteman III ICBMs

10 Wyoming 34 0™ Missile Wing silos for Minuteman III ICBMs
F.E. Warren AFB weapons storage area

11 California few Occasionally at Lawrence Livermore National Laboratory

Europe

1 Turkey 50 Incirlik AB weapons storage vaults®

2 Italy 40 Aviano AB weapons storage vaults
Ghedi AB weapon storage vaults

3 Belgium 20 Kleine Brogel AB weapon storage vaults

Germany 20 Blchel AB weapon storage vaults
Holland 20 Volkel AB weapon storage vaults

Source:Hans M. Kristensen and Matt Korda, United States Nuclear Forces (2019), Bulletin of the Atomic Scientists



2022 U.S. Nuclear Posture Review

https://media.defense.gov/2022/Oct/27/2003103845/-1/-1/1/2022-NATIONAL-DEFENSE-STRATEGY-NPR-MDR.PDF

The highest U.S. nuclear policy and strategy priority is to deter
potential adversaries from nuclear attack of any scale. However,
deterring nuclear attack is not the sole purpose of nuclear weapons.
Given the diverse threats and profound uncertainties of the current and
future threat environment, U.S. nuclear forces play the following critical
roles in U.S. national security strategy. They contribute to the:

¥ e _'_-'.-.-_—.."“I . e
=2 ,:] U.S. Department of Defense

2022 .
.*" National Defense "+ « Deterrence of nuclear and non-nuclear attack;
Strategy  Assurance of allies and partners;
| TRERRER g » Achievement of U.S. objectives if deterrence fails; and
B ﬁ,.@'-’w ~+ Capacity to hedge against an uncertain future.
* b, - i

« Commitment to nuclear weapons modernization program.
* No nuclear threat to NPT non-nuclear weapon states

‘. These roles are complementary and interrelated, and the adequacy of

: U.S. nuclear forces must be assessed against each role and the
strategy designed to fulfill it. Preventing proliferation and denying
terrorists access to finished weapons, material, or expertise are also
key considerations in the elaboration of U.S. nuclear policy and
requirements. These multiple roles and objectives constitute the
guiding pillars for U.S. nuclear policy and requirements.




2018 U.S. Nuclear Posture Review on Tactical Weapons in
Europe

Non-Strateg ic Nuclear Weapons

During the Cold War, the United States possessed
large numbers and a wide range of non-strategic
nuclear weapons, also known as theater or tactical
nuclear weapons. However, we have since retired
and dismantled almost all of those weapons.
Current LIS, non-strategic nuclear forces consist
exclusively of B61 gravity bombs carried by F-15E
DCA, supported by responsive air refueling
aircraft. Several NATO allies also provide DCA
capable of delivering U.S. forward-deployed
nuclear weapons. The forthcoming B61-12 gravity
bomb will replace earlier versions of the B61, and

be available for these DCA begjnnjng in 2021,

U.S. and NATO DCA, together with LS, gravity
bombs, are forward deployed in European NATO

countries. Their forward presence contributes

signif"lcant]}' L&) ﬂ}fﬁ I'.]ET.EITE:IIEE CFF Pﬂtﬂnﬁﬂ] Sandia MNational [.:ul'-ur.ll-:-r:.' mechanical enginecer
adversaries and the assurance of allies Their adjusts a microphone for an acoustic text on a
) B-61-12 system.

presence is a clear deterrence signa] to any putenﬁa] ;
3dversar}f that the United States possesses the Fﬂm’ﬂrd—dﬂl}lﬂ}'ﬂd capabi]it:,r to I‘E;SIJGHI’J to
escalation. [If necessary, the United States has the ability to deploy DCA and nuclear

weapons to other regions, such as Northeast Asia.

Source: 2019 Nuclear Posture Review




Modernization of US Nuclear Arsenal — Beginnings

From NPR:

Obama's Nuclear Paradox: Pushing For
Cuts, Agreeing To Upgrades

MAY 25, 2016 - 3:20 PM ET

By Philip Ewing

% ; |||m|r : ‘
\&,, G €./

Ju..-"_'q.‘_" -

President Obama, speaking in Prague in 2008, said: " state clearly and with conviction America's commitment
to seek the peace and security of a world without nuclear weapons.” While Obama has pushed for a reduction
in nuclear arms throughout his presidency, he has also agreed to an expensive upgrade of America’s aging
nuclear arsenal.

Charles Dharapak/AF

President Obama came into office with a dream of a world without nuclear
weapons, and he's sure to touch on this theme Friday when he becomes the
first sitting U.S. president to visit Hiroshima, site of the world's first atomic
bombing.

Yet Obama also has put the U.S. on course to spend around $1 trillion on
upgrading its nuclear arsenal over the next three decades, critics say.

Today — strong congressional
support!



Modernization of US Nuclear Arsenal — Ground-Based

from Xiadon Liang, ACA, August 2024

Ground-Based Forces

Intercontinental ballistic missiles and warheads

Current U.S. Nuclear Modernization Programs as of July 2024

Minuteman Il Sentinel

400 Deployed 3 400 Deployed
50 Reserve 250 Spare

$141 billion R&




Modernization of US Nuclear Arsenal — Sea-Based

from Xiadon Liang, ACA, August 2024

Sea-Based Forces

MNuclear-powered ballistic missile submarines and submaring-launched ballistic missiles

Current U.S. Nuclear Modemization Programs as of July 2024

SLEM




Modernization of US Nuclear Arsenal — Bomber-Based

from Xiadon Liang, ACA, August 2024

Bomber Force

Strategic bombers, gravity bombs, cruise missiles, and warheads

Current U.5. Nuclear Modemization Programs as of July 2024

Bombers
34 Deployed
B-52H 12 more B-52J Retained through 2050s
nuclear-capable
d
B-2 11 Deployed 100 planned
9 Reserve B-21 Also replacing

non-nuclear B-18




Modernization of US Nuclear Arsenal — War Heads

from Xiadon Liang, ACA, August 2024

”N“MH[HS Estimated Cost of Sustaining and Modernizing

U.S. Nuclear Warheads and Their Infrastructure

The National Nuclear Security Administration (NNSA) is seeking a 29-percent increase to
its projected 25-year budget plan for U.S. nuclear warheads relative to the last reported
projection. Here is how long-range cost estimates have changed over time.

Current estimate for 25-year

cost of the modernization
’“_"m rYr— program: > $1.1 Trillion

$320 bitlion

$301 bittion

FY15-39

Source: NNSA

I



Bulletin
of the
Atomic

Scientists

Analysis: Iran likely
transferred highly
enriched uranium to

Isfahan before the June
strikes

Satellite imagery shows that Iran could have transferred to Isfahan
up to 540 kilograms—possibly all—of its highly-enriched uranium
inventory before the June strikes last year.

By Frangois Diaz-Maurin

March 29, 2026

Working with a team of visual investigators that included

the Bulletin, the French newspaper Le Monde has analyzed a
previously unreported satellite image of the Iranian nuclear site at
Isfahan, showing a large truck loaded with containers. In a Le

Monde article published Saturday, EXperts said they could'not e’

The International Atomic Energy Agency (IAEA) has mentioned the
possible presence of highly enriched uranium at the Isfahan nuclear
complex several times—a presence implicitly acknowledged by
Iran’s own recent declarations. The IAEA has made multiple
requests but was unable to access the underground tunnel complex
at Isfahan, which was spared during Israeli and American military

strikes in June. The'satélliteimage could be the first publicly:

According to Le Monde investigators, who have reviewed many
satellite images of the entrance to Isfahan and other Iranian nuclear
sites, it is the first time they have seen this type of convoy at the
facility. Le Monde informed the Bulletin about the image on March
19. What follows is a detailed visual and technical analysis
supporting my assessment that the cargo may have been highly
enriched uranium.


https://www.lemonde.fr/en/international/article/2026/03/28/revealed-satellite-image-shows-mysterious-cargo-at-iranian-nuclear-site-in-2025_6751890_4.html
https://www.lemonde.fr/en/international/article/2026/03/28/revealed-satellite-image-shows-mysterious-cargo-at-iranian-nuclear-site-in-2025_6751890_4.html
https://www.lemonde.fr/en/international/article/2026/03/28/revealed-satellite-image-shows-mysterious-cargo-at-iranian-nuclear-site-in-2025_6751890_4.html
https://www.lemonde.fr/en/international/article/2026/03/28/revealed-satellite-image-shows-mysterious-cargo-at-iranian-nuclear-site-in-2025_6751890_4.html
https://www.cbsnews.com/news/iranian-foreign-minister-abbas-araghchi-face-the-nation-transcript-03-15-2026/
https://www.reuters.com/world/middle-east/iran-stored-highly-enriched-uranium-underground-site-iaea-report-says-2026-02-27/
https://www.reuters.com/world/middle-east/iran-stored-highly-enriched-uranium-underground-site-iaea-report-says-2026-02-27/
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Sorth tunnel entrance of the Isfahan undersround comnlex near the Isfahan Nuclear Technoloov Center Iran (Rulletin £ Goonle Farthi

A very high-resolution satellite image shows a
truck loaded with 18 containers likely
transporting highly enriched uranium in front of
the south tunnel entrance at the Isfahan
underground complex in Iran (32.585522° N,
51.814933° E) on June 9, 2025. (Credit:
Bulletin / Airbus Pleiades)
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4 very high-resolution satellite image shows a truck loaded with 18 containers likely transporting highly enriched uranium in front of the south tunnel entrance at the Isfahan underground complex in Iran
'32.585522° M, 51.814933" E} on June 9, 2025. (Credit: Bulletin / Airbus Pleiades)




Russian Nuclear Laboratory and Stockpile Locations
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Russian ICBM locations
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SU-Russian Nuclear Warheads

USSR/Russian Nuclear Stockpile, 1949-2002

sodoo
: ICE
45000 oz EEEEEE T EEEE S GREEEEEEELEEEEEEEEEE
Bombers ~,
40000 ¢ — - — - Ztrategic Offense mm e e e
F[------- strategic Defense & Non-Strategic
£ 35000 Total Stockpile [TTTTTTTTTTITTTONT S TTTTTTTTTTes
E 20000 | — - - — - Total Intact Warheads
= 2ol E
2 20000 F
E -
= 15000 |
10000
s000
] -

1949 1954 15959 19k4 19R 1974 1979 1934 1989 1994 1944

End Calendar Year

Source: NRDC (Nov. 2002)




Recent Evolution of Russian Nuclear Forces

Evolution of Russian total warheads is very similar to the evolution
of US nuclear forces
(because of START and New START limits).

Unlike the US, for geopolitical reasons Russia deploys more
warheads on its ICBMs than on its SLBMs.




Russian Nuclear Forces
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Russian Nuclear Forces ICBMs (2019)

Russian Year || Warheads Total
Type/name Designation Launchers Deployed || ¥ yield (kilotons) Warheads

Strategic affensive weapons ||
ICBMs ||
5518 M6 Satan RS-20V 46 1088 || 10 % 500/800 (MIRY) 460
55-19 M3 Stiletto RS-18 {UR-100NUTTH) 208 1980 || 6 % 400 (MIRV) 120
55-10 Md ? (Avangard) (2019) || 1 % HGV
55-25 Sickle RS-12M {Tapol) 63 1988 || 1 % 800 63"
55-27 Mod 1 (mobile] RS-12M1 (Tapol-M) 18 2006 || 1 % 800? i8
55-27 Mod 1 (silo] RS-12M2 (Topal-M] 60 1997 || 1 x 800 60
55-27 Mod 2 (mobile] RS-24 [Yars) a9 2010 || 4 x 1007 (MIRV) 396
55-27 Mod 2 (silo] RS-24 (Yars) 12 2014 || 4 x 1007 (MIRV) 48
55-X-27 Mad ? (rail) Barguzin || 4 % 1007 (MIRV)
55-X-28 (mobile) RS-26 (Yars-M) || 4 % 1007 (MIRV)
55.-29 (silo) RS-28 (Sarmat) (2020) || 10 % 5007 (MIRY)
Subtotal 318 || 1165

Source: Bulletin of Atomic Scientists,Russian Nuclear Forces (2019), Hans Kristensen and Robert Norris




Russian Nuclear Forces Cont. (2019)

Type/Name Designation Launcher | Year Warhead Yield total

S Deployed
| | |
55.-18 M1 Stingray RSM-50 1/16 1078 “ 3 50 (MIRY) “ e
55.1-23 M RSM-54 (Sineva) /96 2007 “ 4 x 100 (MIRY) “ 384
55.N-32 RSM-56 (Bulava) 348 2014 “ 6 x 100 (MIRV) “ 288
Subtatal ” 10/160" “ “ 720
Bombers/weapons ” “ “
Bear-Hé Tu-05 MS6 2 1084 “ 6  AS-15A ALCMs, bombs “ 150
Bear-H16 Tu-05 MS16 30 1084 “ 16 x AS-15A ALCMs, bombs “ 430
Blackjack Tu-160 13 1087 “ 12 % AS-158 ALCM “ 156
Subtotal ” 68" “ “ 786
Subtotal strategic offensive forces ” 546° “ “ ~2,670¢

Source: Bulletin of Atomic Scientists,Russian Nuclear Forces (2019), Hans Kristensen and Robert Norris




Russian Nuclear Forces Cont. (2019)

Type/Name Designation Launchers Year Deployed | Warhead Yield total

Monstrategic and defensive weapons " " "

ABM fhir/Coastal defensea || || ||

5-300/5-400 (SA-20/5A-21) || ~1000 || 1993/2007 1 % low || ~200
5376 Gazelle || 68 || 1986 i x 10 || 68
55C-1B Sepal (Redut) || 8 || 1973 { % 350 || 4
SSC-5 Stooge (S5-N-26) (K-300P/3M-55) || a8 || 2015 (1 % 10 || 24

Land-basad air || || ||

Bombers/fighters (Tr22M1/Su-24M/50-34/ “ 300 H 1074/2006/1983 ASMs, bombs “ ~530
MiG-31K)

Ground=-based || || ||

LA

55-21 Scarab SSM (9K79, Tochka) || 12 || 1981 1 % 10-100 ||

55-26 Stone SSM [9K720, Iskander-M) || 132 || 3005 1 % 10-100 || 56

SSC-7 GLCM (9M728)" || " "

SSC-& GLCM [OM720)- || 167 || 2017 1 % 10-100 || 16
1 |
Submarines/surface ships/air || || LACM, SLCM, ASW, SAM, DB, torpedoes || 820
Subtotal nonstrategic and defensive forces ~1, 820"
Total ~d 490"
Deployed 1,600
Reserve || || || 2,890
Retired warheads awaiting dismantlement || || || 2,000
Total inventory || || || 6,490

Source: Bulletin of Atomic Scientists,Russian Nuclear Forces (2019), Hans Kristensen and Robert Norris
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China’s Nuclear Infrastructure
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Total Chinese Nuclear Warheads 1945-2017
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NUCLEAR WARHEADS
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Traditional Chinese nuclear posture:
No first strike use — limited assured 2" strike

China has changed its nuclear posture. It is now
believed that it seeks parity in the size of its strategic
arsenals with the US and Russia.

| I I I | I I | I I I
1566 1870 1875 1580 1885 1980 1685 2000 H006 2010 2015

Source: The Bulletin of the Atomic Scientist Nuclear Notebook, written by Hans M Kristensen and Robert S. Norris, Federation of American Scientists




Chinese Nuclear Forces (2018)

MATO designation Number of launchers Year deployed Range (kilometers) Warhead x yield? (kilotons) Number of warheads
Land-based ballistic missiles
sDF-4 C55-3 ~5 1980 5,500+ 1% 3,300 ~10
DF-54 C55-4 Mod 2 ~10 1981 13,000+ 1 % 4,000-5,000 ~10
DF-5B C55-4 Mod 3 ~10 2015 ~13,000 3 x 200-30 ~30
DF-15 C55-6 ? 1930 600 1x? L
DF-21 C55-5 Mods 2, 6 ) 1961, 2000, 2016 2,150 1 x 200-300 ~80°
DF-26 ? 16 (2017) 4,000+ 1 x 200-300 16
DF-31 CS5-10 Med 1 ~f 2005 7,000+ 1 x 200-200 ~8
DF-31A CSS-10 Med 2 ~32 2007 11,0004 1 x 200-200 ~32
DF-31AGH (C55-10 Mod 37) (16) (2017) ? (1x7) ?
DF-41 C55-X-20 n.a. ? ? n.a. n.a.
Subtotal: w121 ~1 86"
Submarine-launched ballistic missiles’
1L-2 CS5-N-14 48 (2016) 7,000+ 1 x 200-300 48
Alrcraft
H-6¢ B-6 (~20) 1965 3,100+ 1 x bomb (~20)
(1 ALBM) 0
Fighters" ? ? ? n.a 1 x bomb ?
Cruise Missiles’
Total ~254 (280}

Currently: Modernizing nuclear forces to strengthen assured 2"¢ strike capability
e road mobile ICBM launchers

e new DF-41

e submarine based missiles

105 I AN
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Projected Chinese Nuclear Stockpile Growth

US Estimates For Chinese Nuclear Weapons Stockpile
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Past Chinese Nuclear Policy: no first use, limited secure second-strike capability.

Source: Federation of American Scientists



French and British Nuclear Structure
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French and British Nuclear Forces(2017)
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Source: The Bulletin of the Atomic Scientist Nuclear Notebook, written by Hans M Kristensen and Robert S. Norris, Federation of American Scientists




French Arsenals (2019)

Weapon System No. Yearoperational Range(km)® Warheadsx yleld WarheadType Warheads
Land-based aircraft’
Rafale F3/ASMPA 40 2010° 2,000 L% up to 300 kt TNA 40
Carrler-based alrraft
Rafale MF3/ASMPA 10 2011 2,000 1% up to 300 kt THA 10

Submarine-launched balllstic misslles

M3l.1 32 2010 6,000+ 4-6 x 100 kt MIRV TN7S 160
M31.2 16 2017 6,000+ 4-h x 150 kt MIRV TRO B0
Total 58 300°

FRENCH SSBNs

. __________________________________________________________________________________________________________________|

NAME/SLBM* YEAR OPERATIONAL MISSILE RANGE (KILOMETERS) WARHEADS x YIELD (KILOTONS) TOTAL WARHEADS

Le Triomphant/M45 1997 4,000+ 4-6 TN75 x 100 80

Le Téméraire/M45 1999 4,000+ 4-6 TN75x 100 80

Le Vigilant/M45 2005 4,000+ 4-6 TN75 x 100 80

Le Terrible/M51.1** (2010) 6,000 4-6 TN75x 100 0

* Three sets of 16 M45 missiles are deployed on three of four SSBNSs in the operational cycle. SS5BN: Nuclear-power ballistic missile submarine
** |ts first deployment is scheduled for 2010. SLBM: Submarine-launched ballistic missile

Source: Hans M. Kristensen & Matt Korda (2019) French nuclear forces, 2019, Bulletin of the Atomic Scientists




U.K. Strategic Nuclear Forces

Weapon System Warheads
No. Year Range Warhead No. in
deployed | deployed (km) x yield Type stockpile
SLBMs
Trident Il D-5 [ 64 [ 1994 | 7400 [1-3x100ke] wmrv [ 200

# average loading five warheads per missile, some missiles carry one warhead , various yield options

Source: NRDC (Nov. 2002)

WE177: air-/sea-delivered bomb/depth
bomb, 1966-98

200 -  Polaris: SLBM, 2 MAVs, 1068-84
Chevaline: SLBM, 2 MRVs, 1982-97
Trident; SLEM, 1-3 MIRVs, 1995—
@ 400 - S — | Trident (LE): SLEM, 1-5 MIRVS, 2012-
3 R
=300 .. E I
2 =
. = =
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Kay: LE = life-exctended; MIRV = mulliple independently targetable reentry vehicls;
MRBV = multiple reentry vehicle; SLBM = submarine-launched ballistic missile.

Source: Hand Kristensen and Robert S Norris,British Nuclear forces 2011, Bulletin of the Atomic Scientists
The United Kingdom and France (largely) rely on a nuclear deterrent in form
of a naval submarine based nuclear arsenal




Phys 280 Session 18

Module 6 — Nuclear Arsenals

RPV1 due next week, 4-8 !!
Extra credit assignment — ACDIS Seminar 4-14, 5pm, Coble Hall

Golden Dome - A Scientific and Technical Assessment
Fred Lamb, Physics UIUC, Chair of the APS missile defense study

Abstract:

In May 2025, President Trump approved the Defense Department’s architecture and implementation
plan for "Golden Dome”"—a multilayered defense system with ground-, sea-, and space-based
components intended to protect the United States and its allies and their armed forces against attack
by aircraft, ballistic missiles, hypersonic glide vehicles, cruise missiles, and drones fired at anytime
from anywhere by any adversary, including peer and near-peer adversaries. This goal is clearly beyond
reach anytime soon. Even attempting to create such a system would cost hundreds of billions of

dollars or more and have other serious consequences.
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Estimates for Arsenals in India, Israel, North Korea and
Pakistan (2017)

L b

®

Source: The Bulletin of the Atomic Scientist Nuclear Notebook, written by Hans M Kristensen and Robert S. Norris, Federation of American Scientists

Israel ~ 80 India ~ 130 Pakistan~ 140 North Korea < 10




Indian locations of Nuclear Power and Weapons

Khan Research Laboratory—Kahuta
Large-scale uranium enrichment plant designed to

NUCLEAR FACILITIES & DELIVERY SYSTEMS
produce enough weapons—grade uranium for a number of :

nuclear devices per year; not subject to IAEA inspection. e

UZBEKISTAN

TURKMENISTAN S S ® Nuclear Facilities [
Possible uranium enrichment p DK \
RSD facilitylpilot plant; Karachi : Nuclear Power Reactor (Kanupp) - 125-megawatt power reactor - \
ﬁ // not subject to IAEA inspection.

' Kahuta : Nuclear weapon research and development; uranium enrichment Rawalpindi )

Pakistani Institute of < Kahutaer

Riacheat Sciencemnd Chashma : Nuclear Power Reactor - 300-megawatt power reactor Malute

echnolopy AFGHANISTAN

(PINSTECH) .
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the nearby large plutoninm
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\

Large pluronium extraction plant;
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TAEA inspection. Chinese-supplied
300-MWe nuclear power reactor
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)

ltalicized names represent
0 250 nuclear-related sites.

See table 12.1

Miles

Carnegie Endowment for International Peace, Deadly Arsenals (2002), www.ceip.org

Rawalpindi : New Labs plutonium processing plant
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Indian locations of Nuclear Power and Weapons

==
TAJIKISTAN

AFGHANL ¢ .
STAN
Possible
Prithvi missile

storage faciliry

PAKISTAN

Neclear test site

Ttalicized names represent
nuclear-related sites. See table 11.1

Narova 1 and 2, and Kakrapar 1
and 2 nuclear power reactors, nor
subject to IAEA inspection and
therefore available to produce

4 plutonium for niclear weapons.

Uraniwm mining area

Pilot-scale uranivm
enrichment plant, nor
subject vo IAEA inspection.

Center for
Advanced e ronda
Technology ‘ g;
(CAT). '
Developmen: Calcutta @
ofh_;‘gr YZI/cber MY,
enrichment _- (BURMA)[ -
technology. Chandipur_ Missile tesr site L’»
. (Mumbai) Bhabha Atomic Research Center (BARC)
" Thal Vaishet Location of Indiaks nuclear weapon program
) [ including research, plutonium production using
Large,ﬁ: lutonium Hyderabad T the Dbruva and Cirus research reactors, associated |
extraction plant, Kaiga B plutonium extraction plant (none subjecr to IAEA
not ””‘{é”’ TAEA = Mangur inspection), and manufiacture of implosion devices.
sspecion when Pilot-scale uranium enrichment plant, not
processing fuel from Madras subject to IAEA inspection.
Meadras and Ratteballi
Narora reactors; L = : ; : -
presumed o ,f/ Kalpakkarmn ln_ldlra Gandhi Atomic Research Center
support nuclear N Tisticorin Stre of fast-breeder rest reacror (FBTR) and
weapon progrant, pilot-scale and large-scale plutonium extraction
Tiwo U.S. supplied lans.
electric power Also location of Madras 1 and 2 nuclear
reactors (under power reactors—not subject to IAEA
TAEA inspection). inspection and therefore available to produce
pluronium for nuclear weapons.

0 500
Miles

Kudankulam /ndia and Russia have signed an agreement to construct rwo 1,000-
MWe civilian nuclear power reacrors ar this sight, subject to IAEA safeguards.

India planning huge increase in nuclear power
India is making nuclear power one of its key policy initiatives, with plans
to build 48 new reactors and boost output to 63,000 megawatts by 2032 -
an almost 14-fold increase on current levels, The country’s existing
20 nuclear reactors generate about 4,700 megawatts

Rajasthan Gorakhpur Nuclear power plants
@ 1 x 100MW ' @ 4 x TOOMW ® Operating
! x 200MW CHINA Under construction
4 x 220MW Haryana & PTCIIEI osed
L= S - Marora 4 % 220MW = Number and
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@ 4 x T00MW —— "
P.m-:lsmm - 3:51 , (BHUTAN
= NEPAL-: — 2
A pelhi Uttar . |
Kakrapar Pradosh o
® 2 x 220MW i
_® 2 x TOOMW e INDI A " BANGLADESH
\ @  Madhya 3 :
| Guijaral ; 1 r A00km
= Pradesh @cChutka Kolkaae o | s
I_@- ® 2 x TOOMW ? i
g & Maharashtra | Bhimpur ~ |Haripur
Virdi %Mumhﬁ | ® 4 x TOOMW 2 @6 x 1,000MW £
& 5 x 1,0000W . @_ Kovvada
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| - Tarapur Bay of /
g | ®2x160MW  Bengal
Kaiga 2 x BA0MW
® 4 x 220MW [ Kamataka Chennal  Kalpakkam
® 2 x 700MW Sitzxzmmw
Arabian Tamil Kudankulam ' &
Sea Nadu B 2 x 1,000MW & W
Jaitapur ‘ B TS @ 4 x 1,000MW b
® 65 x 1,650MW -
SAI LANKA

Sources: Strabior, wire agancios 2 GRAPHIC NEWS

Carnegie Endowment for International Peace, Deadlly Arsenals (2002), www.ceip.org

Source: Indian Defense Review, RSN Singh



India’s Nuclear and Missile Programs — 1

India’s nuclear weapons use plutonium

* India’s first nuclear explosive device used explosive material diverted
illegally from a civilian nuclear reactor provided by Canada

 Estimated to have produced 600 kg of weapons-grade plutonium

« Estimated to have produced a smaller, but publicly unknown, quantity of
weapons-grade uranium

 This quantity of plutonium is thought to be enough for India to produce
~150-200 nuclear weapons

« The FAS estimates that India has about 130-140 warheads

* India is thought to have the components to deploy a small number of
nuclear weapons within days

* No nuclear weapons are known to be deployed among active military units
or deployed on missiles




India’s Nuclear and Missile Programs — 2

India’s nuclear weapon tests

India

Date

27.095 N 71.752

May 18, 1974 02:34:55 £

27.102 N 71.857

May 11, 1998 10:13:42 £

May 11, 1998 10:13 ?

May 13, 1998 06:51 ?

Local time is 5 and one-half hours later than GMT

* The Indian government announced that three nuclear devices were
detonated simultaneously in two shafts, about one kilometer apart. We
count this as two tests.

** Seismic records do not discriminate the explosions of two devices
(announced by Indian scientists as being 0.2 kt and 0.6 kt), one or both
of which may not have detonated.

Source: NRDC




India’s Nuclear and Missile Programs — 3

* India has developed several types of ballistic missiles capable of
carrying and delivering a nuclear payload

« Three versions of the short-range, liquid-propellant, road-mobile
Prithvi have been developed —

—Army (range = 150 km, payload = 500 kg)
—Air Force (range = 250 km, payload = 500-750 kg)

—Navy (range = 350 km, payload = 500 kQ)

* India has developed and successfully tested /7 medium range
missiles Agni I-lll, with a declared range of up to 3,000 km. The
payload for the Agni Ill missile is assumed to be 1.5 tons.

 India has developed and successfully tested Agni-IV with a range
of 4,000 km and Agni V with a range of 5,000 and a payload of 1.5
tons.

« In 2018 India became one of three nations to possess a nuclear
E triad after the successful deterrent patrol of Arihant, India’s first

Vel =Y W |




Indian Nuclear Forces (2018)

Type designatio |launchers| deploye | (kilometers x yield warheads
n d ) (kilotons)
Aircraft
Vajra Mirage ~16 1985 1,850 1 % bomb ~16
Z2000H

Shamshe | Jaguar IS/1IB ~32 1981 1,600 1 % bomb 32

r

Subtotal: ~& 8 e B

Land-based ballistic missiles

Prithwi-1I n.a. L 2003 350b 1 =12 2
_|Agni-1 n.a. 20 2007c 700+ 1 = 40 ~20
“|Agni-II n.a. ~8 2011d 2,000+ 1 = 40 )

Agni-111 n.a. ~8 20147 3,200+ 1 = 40| e B

Agni-Iv n.d. M.d (2018) 3,500+ 1 = 40 n.a.

Agni-V n.d. M.a (2020) 5,200+ 1 = 40 Mn.d.

Subtotal: ~ 60 ~G60e

Sea-based ballistic missiles

Dhanush n.a. 2 2013 400 1 = 12 &4

K-15 (Sagarika) (12) (2018) 700 1 =12 (12)

K-4 n.a. (4) ? 3,500 1 = ? 0

Subtotal: (18) (16)

Total 130-140f

Source:Bulletin of the Atomic Scientist “Indian Nuclear Forces, Hans Kristensen and Matt Korda
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India’s Ballistic Missiles (2019)

Type

Ballistic

Ballistic

Ballistic

Ballistic

Ballistic

Ballistic

Ballistic

Ballistic

Ballistic

Ballistic*

150 km

350 km

350 km

700 -
900 km

2,000
km

3,500
kmi

4,000
km

+5,000
km

150 km

60 km -
170 km™*

Stages/Fuel

Single/Liquid

Single/Liquid

Single/Liquid

Single/Solid*

Two/Solid

Two/Solid

Two/Solid

Three/Solid

Single/Solid

Single/Solid™

Payload
Capacity

800 kg*

500-1,000

kg

500 kg

1,000 kg*

1ton

1.5 tons

1,000 kg*

1,000 kg*

200 kg

200 kg

Last
Reported
Test

May 2007

October
2018*

February
2018*

October
20187

February
2018*

April 2017

December
2018*

December
2018

September
2018*

Mot Tested

Source: Wisconsin Project on Nuclear Arms Control

Inducted?

Y(a)

Y

\fi’

ifi'
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Nuclear
Capable?
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'n.llr-ir

M-Ir

N-Ir



India’s SLBM and Cruise Missiles (2019)

Last
Payload Nuclear
Name Type Range Stages/Fuel ] Reported Inducted?
Capacity Capable?
Test
K-15 (aka SLBM(b) 750 km* Two/Solid* 1,000 kg* August Y™ Y™
BO-5) 2018*
K-4 SLBM* 3,500 Two/Solid* Unknown December N* Y™
km™* 2017 (c)*
BrahMos Cruise 290 - Two/Solid and  200-300 May 2019 (e)N-1:Y N
400 km Liquid(d) kg
B-l: ¥
B-l1:Y
B-ll: Y™
ALCM: Y
SLCM: N*®
Nirbhay Cruise 1,000 Two/solid and 450 kg™ April 2019 N* Y™
km liquid(f)

Source: Wisconsin Project on Nuclear Arms Control




Pakistan’s Nuclear and Missile Programs — 1

Pakistan’s current nuclear weapons mainly use HEU

 Pakistan stole uranium enrichment technology from Urenco; has since
supplied it to many other countries of concern

* |s estimated to have produced 585-800 kg of highly enriched uranium
* FAS estimates that it could have 120 HEU nuclear weapons

* May possess enough weapon-grade plutonium to produce 3—5 nuclear
weapons

* Nuclear weapons are thought to be stored in component form, with the
fissile core stored separately from the non-nuclear explosives

* Thought to possess enough components and material to assemble a
small number of nuclear weapons in a matter of hours or days




Pakistan’'s Nuclear and Missile Programs — 2

Pakistan’s nuclear weapon tests

Pakistan

Date

28.862 N 64.818
E

28.487 N 63:787
E

May 28, 1998 10:16:15

May 30, 1998 06:54:55

Local time is 5 hours later than GMT

# Pakistani officials announced that five nuclear devices were tested.
Seismic records do not discriminate these and possibly only one device
was detonated.

last revised 11.25.02

Source: NRDC




Pakistan’s Nuclear and Missile Programs — 3

Pakistan’s nuclear delivery capability

* Thought to have about 30 nuclear-capable short-range Chinese M-11
surface-to-surface missiles, which have a range of 280—300 km

* Announced deployment of the Shaheen | in 2001

* Tested Ghauri | (range > 1,300 km, payload = 700 kQ)

» Tested Ghauri Il (range = 2,000 km, payload = 850 kg)

« Tested Shaheen Il, (range 1,500-2000 km, payload 700kg)

* Primary nuclear capable aircraft is the F-16, which can deliver a
1,000-kg bomb to a distance of 1,400 km




Pakistani Nuclear Forces, 2018

Type NATO Number of Year Range Warhead Number
designation launchers deploy (kilomete x yield of
ed rs)i (kilotons)3 #warhea
ds2
Aircraft
F-16A/B 24 1998 1,600 |1 x bomb L
Mirage I1I/V 12 1998 2,100 |1 x bomb ~]2
(or Ra-ad)
Subtotal: ~36 ~36
Land-based ballistic
missiles
| Abdall (Hatf-2) 10 (2015) 200 1 x5-12 kt 10
Ghaznavi (Hatf-3) ~16 2004 300 1 x5-12 kt ~16
Shaheen-1{Hatf-4) ~16 2003 750 1x5-12 kt ~16
Shaheen-1A (Hatf-4) - (2018) 900 1 x5-12 kt -
Shaheen-2(Hatf-6) ~12 2014 | 1,500 |1x10-40kt | ~12
Shaheen-3 (Hatf-6) - (2018) | 2,750 |1 x 10-40 kt -
Ghauri (Hatf-5) ~24 2003 1,250 |1 x 10-40 kt ~e 24
NASR (Hatf-9) ~24 (2013) | 60-70 |1 x5-12 kt ~244
Ababeel (Hatf-?) . - | 2,200 [MIRVor MRV »
Subtotal: ~102 ~102

Source:Bulletin of the Atomic Scientist “Pakistani Nuclear Forces, Hans Kristensen and Matt Korda




Pakistani Ra’ad Air Launched Cruise Missile




Pakistan’s Ballistic Missiles Lineup

I8 PAKISTAN'S BALLISTIC MISSILES

Rt

‘.;_PE 19.3m/ 63t

Pakistan's rapidly evolving missile \
arsenal forms an important part of 2. -
its defense strategy, offsetting the = — e
conventional military advantages Mo ) S = —
of its nval, India. The Pakistani mis- e I o = S = o
sile arsenal consists mainly of short = b4 7] v ~ § N
and medium-range ballistic mis- § b . — = — - ~ E
siles, but it is also making strides in | @ 38 ﬁ Q a :":5 E s E o

' i icei = . | = z [T} e Lt 2y
developing ufu:se rjms.s:.les. Paki E, _~.E= = E . o g b s e E
stan has received significant tech- & 2 o o = = o < = < A
nical assistance from Chinaonits  § Z — < ) ? @ n () v 2
nuclear and missile programs,and & o I ~N ald o B ™~ odl ol et w
has benefited from cooperation | = = E = | E = = = = %

e P < < < < B < g < < < < T,

with both lran and North Korea. 8 T = I I ¥ X i - - o e v omj
CSIS | nmmatimess | mer== @) @ © O 0 0 0O D

Source: Missile Defense Project, "Missiles of Pakistan," Missile Threat, Center for Strategic and International Studies, June 14, 2018, last modified June
15, 2018, https://missilethreat.csis.org/country/pakistan/.




Security Concerns of India’s and Pakistan Define the
Parameters of Ballistic Missile Arsenals

With India and Pakistan both possessing nuclear weapons and the means to deliver them great distances, a possible
war could result in millions of deaths in both countries. The following illustrates the range of missiles:

SOURCES: Associa g Prots, Pakisfan Atried Forces; L s Wnfafmalion Grop

i,
AFGHAMISTAN [ :
WELAM 30 mi.

155 ml—
83 mi,
FAHIETAer
i
.-—:Li
. Missile -r—"—"'/
FENGES:
- == India = o
. Pakistan SRR Agni 1 Agni 2 Prithvi 1 Prithvi 2 Ghawri 1 Shaheen 1 Ghauri 2 Shaheen 2
* Cities over Length (ft.) 68.3 GG 28.2 8.2 28 33 39.6 5.5
| 500,000 LN LER] 2200 2200 1,760 @ 1,100™ 1,100 1,100 2,200 2,640
o 500 i —_— . SEUDRI N 1,560 2,190 o4 126 | 375 940 1,440 1,560
0 500 km . Accuracy (ft.) [EE:SERERE 1 165 248 | 660 nfa 660 8,250
Range from international border “Simgle warhead up to 1,650 bs.

Source: CNN (May 2003)




Israel’s Nuclear Weapons Complex

<

r
-
»
[

]

L]

A
'

1

1

]
&

Haifa  Yodefar ¢

Mediterranean

Negev Nuclear Research Center
T Dimona is the location of Israel’s
nuclear weapon program,
Dimona ; including plutonium production
B = using IRR 2 research reactor
ISRAEL (40-150 MW3?) and associated
plutonium extraction plant; and
related uranium purification,
wuranium conversion, and fuel
[fabrication facilities. Site of small-
scale laser and centrifuge uranium
enrichment programs and
discontinued lithium-6 and
lithium deuteride production
activities. No activities at Dimona
are subject to IAEA inspection.

Carnegie Endowment for International Peace, Deadly Arsenals (2002), www.ceip.org



http://www.ceip.org/

Israel’s Nuclear and Missile Programs — 1

Israel’s nuclear weapons primarily use Pu

* Is thought to have completed its first nuclear device by late 1966 or
early 1967, probably using HEU stolen from the United States

* Is reported to have hurriedly assembled deliverable devices just
before the 1967 six-day war.

* |s estimated to have produced ~ 860 kg of weapons-grade plutonium
as of January 2017/

* |s thought to have enough plutonium to fabricate ~ 100-200 nuclear
weapons

* |s thought to have ~ 75-200 fission weapons, FAS estimate: 80.
(Some sources disagree, claiming much more capability, including
modern thermonuclear weapons)




Israel’s Nuclear and Missile Programs — 2

Israel’s nuclear delivery capability

« Jericho |: short-range, solid-propellant (range = 500 km, payload = 500
kg). Developed with the French. Deployed in 1973. Land- and rail-mobile.

« Jericho |I: medium-range, solid-propellant (range = 1,500 km, payload =
1,000 kg). Developed with the French. Deployed in 1990; currently has ~
100. Land- and rail-mobile.

« Jericho llI: intermediate-range, solid-propellant (range approx. 4,000 km,
payload = 1,000 kg). Indigenous. Tested.

* Israel could also deliver nuclear weapons using its U.S.-supplied F-4E
and F-16 aircraft.

* Israel could also deliver nuclear weapons using its cruise missiles (the
U.S.-supplied Harpoon, range = 120 km, payload = 220 kg, or a new
1,200-km cruise missile).




Summary of Israel’'s Nuclear Delivery Systems

Table 1. lsrael nuclear forces, 2014

TYPE YEAR FIRST

DEPLOYED RANGE (KM) COMMENT
AIRCRAFT
F-16A/B/C/D Fighting Falcon 1880 1,600 Tﬂi‘j;rﬁf‘:ﬂwﬂﬂi‘:ﬂ o i—g—
F-151 Ra'am (Thundar) 1994 3 500 Potential nuclear sirika role
LAND-BASED MISSLES
Jarcha | 1984-1585 1,500+ Possibly 25-50 al Zekharia for TELs in caves
Jarcha |1 7 4,000 7 In dewelopment
SEA-BASED MISSLES
Dualphir-class submarines 2002 7 7 Prasibly madfied cnise misgsis for lamd-attack

Dolphin class submarines, if nuclear armed, provide secure nuclear 2" strike capability.




Israeli Dolphin Class Submarines
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The History between Trump and Kim

Donald J. Tr &
-.ill-'.:‘::":l'.:.::'!T'l.l'l'J'lmp m . ! i i Kim Jong Un calls
Why would Kim Jong-un insult me by calling - Donald Trump

me "old,” when | would NEVER call him | m o ue "dotard"
"short and fat?" Oh well, | try so hard to be ' '
his friend - and maybe someday that will
happen!

Denald J. Troemp &
EmalToralaTrump

Morth Korean Leader Kim Jong Un just
stated that the "MNuclear Button is on his
desk at all times.” Will someone from his
depleted and food starved regime please
infarm him that | too have a Muclear Button,
but it is a much bigger & more powerful one
than his, and my Button works!

Tl R - 7 e SR

e Donald ). Trump &
. 11 '

Just heard Foreign Minister of North Korea
speak at U.MN. If he echoes thoughts of Little
Raocket Man, they won't be around much

I !

GI-I_E.I.EF e Donald J. Trump &

@ Danaid 1. Trurp 8 o ) Vietnam is thriving like few places aon earth,

A message from Kim Jong Un: *Narth Korea Nﬂ.r[h Kﬁr?a would be the SE_I'nE. and HEly .
will stop nuclear tests and launches of qulckl':,ﬂ It it would dE'I'IUC|EE|FIF.'EI. Th‘? potential
intercontinental ballistic missiles.” s AWESOME, a great opportunity, like almost
Also will *Shut down a nuclear test site in the none other in hiEtﬂr}". for my friend Kim _I.Dng
country's Morthern Sldf:::r to prove the_'..n::n.'.' to Un. We will know FElir'|"-.-' SO0 - "-.-"E'I’"-.-'

suspend nuclear tests.” Progress being i

made for all! Interesting

27 PR - 20 A I -': =P - OO Feh A2

0,005 Hetwmatn B335 | iaes E‘_ [N )] ﬂ-: ' [




North Korea’s Nuclear Capabilities (2018)

HIIIITII KOREAN STRATEGIC NUCLEAR THREAT

I - : Thermaaudear Bomb E EAdI"I Ehx'lﬂ — Eﬂ,‘l*"

CHINA o O September 1, 2017,

_ .'\.

Bzt Kared. [eilesd &
..... e s Therreorsabesr
O b Tha | Pt
oy wath S dncporwlenl I5 &
r few hamired kbatons, of THT.

G-.-FFF .-- A

For mone resotantes on
Morth Korea, please wisit:
wwrwonti.org/northkorea

iRkl 251yl

Sorlire e el Blaetin CEfriey
o Meosrpenilea ban Siuadies
U ks Thifeat e

Februsiy 2008

KH-02 Soud BACER KN-11115% Heodong Mumudan EH-17 KN-20 KN-32
% Ry - BH44-516/9 e VR 84247 $154-10 84412 8h44-14 8124-15
NTI #B 120 km T00-1,000 ke 1,000 ken 1,300 km 3,200 km 4,500+ km 10,400 ke 13,000+ km

Source: Nuclear Threat Initiative




History of North Korean Missile Tests

Kim Family Missile Tests

sated oy

NS NTI

Kim Il Sung tests Kim Jong Il tests Kim Jong Un tests
1984 to 1994 1994 to 2011 2011 to May 2019
A | L
B ",!”' Kim Jong Un has increased |5
’ T both the numbers and
mine ", rf 1-‘..#1; locations of tests.
e i 7 s - 5 =
: -___.--ﬂ'_}.‘ﬁ'. . __C_-I}M‘J e
Kotea @
—a ] -‘ﬂl_ﬂ‘l Korea
During Kim [l shifted almost g . ‘
Sung’s regime 7 all tests from ~ ASTS
14 out of 15 j— | Musudan-ri to — '. o f
missile tests r.r;; ) Wonsan whers .r), .:..._}f____ﬂ.a_;
were carried o, b 13 tests were et | g
out at 6 Y - . B
Musudan-ri. I s
Saiith 4 uth Selth
Emn . T oy A2 Korea
o W D~ 0 00 — N DD~ 0 @R 0 — M wr o =
38858833383 885888;8838¢8¢8
4+ ableau & O

Source: Understanding North Korea’s Missile Tests, NTI




North Korean Missile Test Successes and Failures

Reliability of Old vs New Missiles NS ] NTI 2

N
gl
| & |
| 3|

Scud B and C ER Scud Palaris 1 and 2 Musudan Unha-=

OLDER MISSILES NEW MISSILES

Test Besult

M railure
- Success

Comparison of missile tests since Kim Jong Un
took power in 2011. North Korea's older
missiles are very reliable compared to its
missiles still under development.

Source: Understanding North Korea’s Missile Tests, NTI




North Korean Missiles with Nuclear Capability

(2018)

Type/Name® US/Other Designations Year Deployed Range (km)® Stages (Fuel) Payload x Capacity (kg) Launchers®
Land-based ballistic missiles®
ICBMs {5,500+ km range)
(Bukkeukseong-3) ? Dav. ? 7 (solid) 1x7? TEL (C)*
Hwasong-15 KN-22\, Dev. 13,000 2 x liquid 1 x 1,0007 TEL
Hwasong-14 KN-20 Dav. 10,400 2 {liquid) 1x? TEL
Hwasong-? KN-14 Dav, (5,000) 3 (liquid) Lx? TEL
Hwasong-13 KN-08' Dev, 5,500+ 3 (liquid) Lx? TEL
Taepo Dong-2 Taepo Dong-27 (2012) 12,000+ 3 (liquid) 1 = B0+ Fixed
IRBMs (3,000-5,500 km range)
Hwasong-12 KN-17 Dev. 3,300-4,500 1 {liquid) 1% 1,000 TEL
Hwasong-10" Musudan, BM-25 (2017) 3,000+ 1 (liquid) 1% 1,000 <50 TEL
MREMs (1,000-3,000 km range)
Bukkeukseong-2' KN-15 Dev, 1,000+ 1 (=olid) Lu? TEL (C)
Hwasong-7 Nodong’ (1993) 1,200+ 1 (liquid) 1 x 1,000 <100 TEL
Hwasong-9 Scud ER, KN-4 (2016) 1,000 1 (liquid) 1 x 500 TEL
Submarine-launched ballistic missifes (5LBMs)
Bukkeukseong-1' KN-11 Dav. (1,000+) 1 (solid) n.a. (1) 55B

Source:Bulletin of the Atomic Scientist “North Korean Nuclear Capabilities (2018),

Hans Kristensen and Matt Korda




North Korean Nuclear Tests and Resource

Capabilities (2018)

Date Selsmic Estimated Remarks
Signal Yield

QOctober 9, 2006 || Magnitude 4.1 || 0.5 kilotons The Director of National Intelligence (DNI) said the test produced a yield of "less than one kiloton - well below the yield of other states’ first nuclear test.™

May 25, 2009 Magnitude 4.5 || 1-3 kilotons DNI said the yield of the test was "a few" kilotons,” which "suggests the North has the capability to produce nuclear weapons with a vield of roughly a couple kilotons TNT
equivalent.™

February 12, Magnitude 5 10 kilotons DNI said "several kilotons.™

2013

January 6, 2016 || Magnitude 4.8 || 5 kilotans North Korea said test was a successful "hydrogen bomb,” but the US intelligence community said “the low yield of the test is not consistent with a successful test of a thermonuclear
device.™

September g, Magnitude 5.1 || 10-15 kilotons

2016

September 3, Magnitude 6.1 || 140-

2017 250 kilotons

Tatal: 6

Source:Bulletin of the Atomic Scientist “North Korean Nuclear Capabilities (2018),

Hans Kristensen and Matt Korda




North Korean Missile Displays
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North Korea’s Nuclear Program

* 1950s: NK nuclear research reportedly begins.

* mid-1980s: Concerns over NK's nuclear weapons program grow
when US intelligence satellites reportedly photograph
construction of a research reactor and the beginnings of a
reprocessing facility at Yongbyon.

« 1985 April: NK accedes to the NPT after a concerted sales
effort by the USSR, which hopes to sell light-water reactors
(LWRs) to NK for electrical power generation. These are
never built, in part due to the collapse of the Soviet Union.

1991: US signals it will withdraw its nuclear weapons from SK as
part of its global return of tactical nuclear weapons to United
States territory.




North Korea’s Nuclear Program

History (cont'd) —

* |AEA chemical analysis indicates NK had separated plutonium in
four campaigns over a 3-year period beginning in 1989 and that NK
possesses more Pu than it had declared to the IAEA or to the
international community.

« 1993: NK announces it is withdrawing from the NPT.

« 1994: US threatens war with NK. President Carter flies to NK and
negotiates a nuclear agreement to avoid war.



Key Elements of the 1994 Agreed Framework

North Korea United States

North Korea freezes its operation | The United States agrees to provide

and construction of nuclear heavy fuel oil to replace the electri-

facilities under IAEA supervision. cal production potential of the
shutdown 5-MW reactor.

North Korea allows the canning The United States agrees to

and nonreprocessing of spent establish an international

fuel from its 5-MW reactor consortium to construct two

under IAEA monitoring. modern, light-water reactors in

Fuel to be removed from North Korea.

North Korea.

North Korea agrees to provide International consortium agrees to
all necessary information and complete a significant portion of
access, “including taking all the reactor complex, not including
steps that may be deemed key components.

necessary by the IAEA” to
determine the accuracy of
North Korea's initial
declaration on past
plutonium production

North Korea agrees to begin International consortium to deliver
dismantling its finished and key components for first light-water
incomplete nuclear facilities reactor.

and to begin removal of spent
fuel upon delivery of key
reactor components for first
light-water reactor.

North Korea agrees to com- International consortium to deliver
plete dismantling of its nuclear key components for second light-
facilities and removal of its water reactor.

spent fuel upon delivery of
key components for second
reactor.




The Aftermath of the 1994 Agreement

The light-water reactors were never built. The US-led consortium taske:

with constructing them was in severe debt; senators accused Clinton of
understating their cost while overstating how much US allies would
contribute to funding them. Hawkish Republicans in Congress derided

the framework for supposedly rewarding aggressive behaviour.

Heavy fuel shipments were often delayed. Rust Deming, assistant

secretary of state, told Congress that “to be frank, we have in past years

not always met the fuel year deadline”. Meanwhile, Robert Gallucci, a
diplomat who had negotiated the framework, warned that it could fail
unless the US did “what it said it would do, which is to take responsibilit
for the delivery of the heavy fuel oil”.

North Korea was not removed from the State Department’s list of state

sponsors of terrorism until 2008, though it had long met the criteria for

removal. A limited number of US sanctions were eased, but not until

2000 - six years later than pledged in the Agreed Framework. Accordin

to Gallucci, Congressional scepticism about the deal led to “the

minimum interpretation of sanctions lifting”. As he told a congressional
committee: “the North Koreans have always been disappointed that mor
has not been done by the US”

This only worsened under Washington's next regime: in 2002, the Bush

administration’s Nuclear Posture Review listed North Korea as one

country the US might have to use nuclear weapons against, while its

2002 National Security Strategy listed the north as a “rogue” regime
against which the US should be prepared to use force. To this day, the US
has 28,500 troops stationed across 11 US military bases in South Korea,

and the two countries continue with their joint annual military exercises

off the coast of the Korean Peninsula.

As abhorrent as the North Korean regime is, it’s not hard to see why the
ruling clique might have concluded that Pyongyang remains in
Washington’s crosshairs and that the US was never truly committed to
the Agreed Framework. Still, as subsequent negotiations have shown,
North Korea remains desperate for fuel, and its regime still exhibits a
paranoid, self-serving obsession with security. Its past actions strongly
suggest that the nuclear programme is a bargaining chip that Pyongyang
is prepared to give up under the right circumstances.

The benefits of a new, more robust peace agreement are obvious: an end
to the threat of nuclear war in East Asia, and a boost to the global nuclear
non-proliferation regime. The story of the 1994 framework proves this is
far from impossible, but also that it will demand both careful,
determined diplomacy and a commitment to honouring any promises

made. Sadly, the Trump administration so far seems capable of neither.

Source: The Conversation, Why the US’s 1994 deal with North Korea failed — and what Trump can learn from it



North Korea’s Nuclear Program

History (cont'd) —

« 2002 December: NK announces it is restarting its reactor because US
violated the Agreed Framework, ends its cooperation with the IAEA,
orders inspectors out.

« 2003 January: NK announces it is withdrawing from the NPT.

« 2004: NK tells visiting US experts it has separated the Pu in the spent
reactor fuel at Yongbyon and is making nuclear weapons, shows “Pu”
to visiting experts. NK is believed to have extracted 24—-42 kg of Pu,
enough for 6—12 nuclear bombs.

« 2006 October 9: NK tests a Pu nuclear explosive device: 0.7-2 KT.

« 2007 February 28: New 6-party agreement announced (see separate
slide).

« 2009 April 5: NK launches a long-range rocket, is condemned by the
UN, announces it will build its own LWR without outside help.

E « 2009 May 25: NK tests a second nuclear explosive device: 2-5.4 KkT.



Six-Party Agreement (2007 Feb 28)

An important first step toward complete, verifiable, and irreversible
denuclearization of the Korean peninsula and the establishment of a
more stable, peaceful, and prosperous Northeast Asia.

The D.P.R.K. agreed that it will, within 60 days:
« Shut down and seal Yongbyon nuclear facility for eventual abandonment
* Invite IAEA to conduct necessary monitoring and verifications

» Discuss with the other parties a list of all its nuclear programs, including
plutonium extracted from used fuel rods, that would be abandoned

The other Parties agreed that they will:
* Provide emergency energy assistance to North Korea in the initial phase

« Make an initial shipment of emergency energy assistance equivalent to
50,000 tons of heavy fuel oil (HFO) within the first 60 days of the agreement

Five working groups will be established to carry out initial actions and
formulate specific plans to implement the agreement, leading to a
denuclearized D.P.R.K. and a permanent peace.




North Korea’s Nuclear Program

Enrichment (see the assigned reading written by Hecker) —

« 2010 November: NK showed visiting U.S. experts (Carlin, Hecker, and Lewis)

— An openly constructed, recently completed small but industrial-scale
centrifuge uranium-enrichment facility

— An experimental light-water reactor (LWR) under construction

* NK claimed 2,000 P-2 centrifuges in 6 cascades in the modern facility
at Yongbyon (build with external help from Khan)

 Publicly displayed facility is sufficient to produce
— 2 tons of LEU/year, enough to supply the LWR under construction
— 1 bomb/year of HEU, if slightly reconfigured

« Experts believe NK has undisclosed centrifuge facilities at other sites,
probably producing weapon-grade HEU. NK has fundamentally
changed its nuclear strategy.

* New leadership under Kim Jong-un appears to continue nuclear
weapons program aggressively.



North Korea’s Nuclear Program

History (cont'd) —
« 2011 Dec 17 Kim Jong-un ascends to Supreme Leader of NK

« 2012 Feb 29: NK agrees to freeze nuclear program in exchange for energy and food
relieve.

« 2012 Apr. 12: Unsuccessful NK missile test leads to cancellation of food and energy
relieve agreement.

« 2012 May 4: Reports that NK has resumed construction of LWR for Pu production at
Yongbyon.

« 2012 Dec. 12: Successful test of long range missile launching satellite into orbit

« 2013 Feb. 12: NK tests third nuclear explosive device, 6-16kT.

« 2016 Jan. 6: NK tests fourth nuclear warhead, 7-9kT, claimed thermonuclear device
« 2016 Sep. 9: NK tests fifth nuclear warhead, 15-25 KkT.

« 2017 Sep. 3: NK tests sixth nuclear warhead, 70-280 kT.

e 2018 June 12: First US and North Korean Summit held in Singapore

e 2019 Feb 27: The Second US and North Korean Summit held in Hanoi, Vietham




North Korea’s Nuclear Program

* NK’s new nuclear strategy —

—Appears to have abandoned its Pu program, shutting down its 5
MWe gas-graphite reactor and giving up on external assistance
for LWRs

—I|s attempting to construct an experimental 25-30 MWe LWR of
indigenous design as part of an electrical power program
(probably not for bomb Pu)

* Major concerns about NK’s new nuclear strategy —
—Can NK construct its own LWR safely?

—Will NK’s enrichment program lead to additional weapons or
export?




North Korea’s Nuclear Program

« Can NK construct its own LWR safely?

—NK appears to have no experience with key LWR design and
safety issues.

—Radiation-resistant steels and stringent construction are needed
to withstand the intense, long-term radiation produced by LWRs.

—NK has little experience with uranium oxide fuels and fuel-
cladding alloys.

—The concrete reactor foundation is insufficiently robust.

— The concrete containment shell is being poured in small sections
from a small concrete mixer.

—These safety concerns will increase dramatically if NK builds
larger LWRSs, because the risks would extend well beyond NK'’s
borders.




North Korea’s Nuclear Program

* Will NK’s enrichment program lead to additional weapons or export?

—Bomb-grade HEU can be produced by slightly reconfiguring the
existing centrifuge cascade

—NK has indigenous U ore and all the know-how and equipment
needed to make feedstock for its centrifuge cascades

* NK can ratchet up the current nuclear threat by
—Greatly expanding its HEU production at undisclosed sites
—Increasing substantially the size of its nuclear arsenal

—Conducting additional nuclear tests to increase the sophistication
of its nuclear weapon designs

—Exporting nuclear weapon materials or technology

* NK's categorical denial of any earlier enrichment activities, when they
clearly existed, complicates diplomatic reengagement




What to Do About NK’s Nuclear Program?

« Top priority: prevent NK from expanding its arsenal or exporting its
nuclear technologies

* Long-term goal: denuclearize the Korean peninsula

* Few options but to reengage NK diplomatically

« Hecker advocates 3 No’s supported by 1 Yes:
—No more bombs
—No better bombs (which means no more testing)
—No export of bombs or bomb technology and materials
—Yes to meeting NK’s fundamental security concerns

« What are NK’s fundamental security requirements?
—Normalization of relations with the United States

—Energy and economic aid / Regime survival
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