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Phys 280 Session 17

Module 6 — Nuclear Arsenals

1. Midterm on Thursday, 3-24, 2-3.20pm in class in LL144
2. Midterm review session: Wed, 3-23, 5-6pm, LL144
3. Additional extra credit opportunity:

ACDIS Teach-in

The Military Situation in Ukraine and its Implications of
Nuclear Security and Safety

Thursday, 3-31, 2022 at 4pm via zoom

(https://acdis.Illinois.edu/news-events/news/teach-
Ukraine)




Phys 280 Session 17

I ILLINOIS

The Program in Arms Control & ThurSday March 31; 2022

Domestic and International 4:00pm-5:30pm CDT
Security (ACDIS)

Teach-in: The Military
Situation in Ukraine and
its Implications of Nuclear
Security and Safety

Professor Nicholas Grossman, Political Science, UIUC
Professor Tomasz Kozlowski, NPRE, UIUC
Professor Frederick Lamb, Physics, UIUC

Dr. Grossman will assess the current military situation in Ukraine, including the history of
the conflict, Russian and Ukrainian military objectives, strategic goals and tactics used,
the importance of Western military support, possible reasons for Russia's slow progress,
and the consequences that this conflict can entail.

Dr. Kozlowski will summarize the nuclear industry in Ukraine, state the risks of
conventional warfare to the safe operation of nuclear facilities, describe the impact of a
possible nuclear accident caused by the war, and what can be done to uphold nuclear
safety during the war.

Dr. Lamb will cover nuclear security in Europe in light of Russia’s war on Ukraine,
including a summary of the past nuclear disarmament in Ukraine, the history of the
Budapest Memorandum, broader implications of the war for non-proliferation efforts,
stated Russian concerns of possible nuclear armed missiles in Ukraine, and if a new
Intermediate-Range Nuclear Force Treaty could contribute to the resolution of the
conflict.

Zoom Information available here:
https://acdis.illinois.edu/news-events/news/teach-

o A G D I S
Zoom Meeting

Meeting ID: 818 0794 2691 program in arms conirol &
Password: acdis domestic and international security
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Buielin - strategic stability: The burst-

atomic . 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, 1f 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
American Scientists (FAS) in
Washington, DC. His work

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

enemies with a surprise first strike.




How US nuclear force
—modernization is undermining
Buielin - strategic stability: The burst-
atomic . 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

enemies with a surprise first strike. Project with the Federation of

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

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

Ehe New York Times December 9, 2008
A Ehﬂl“ 1950 1960 1gr0 19a0 1380 h 2000 2010
HEIﬂtlﬂn D‘l Teariar of fuws ke ernGkogy Kf;;""f‘;-'-sﬁ Wuclgmr rnaderialy
Rharan
Proliferation Ukraine [ g
]

Th Muclear EXpross,” & ngw
bock on the history of the atomas Bt Reatior
age, describas the mlerdocking

wilh of Influanco AnNd 050Gt

behind the praliferaton of
DiChpar IBChngIogy
This deagram gives a
suMmmary al hd

L

Full irarste o nushar bichmology Wigdars

Syra

aulhors' racking of £ Ee

ihia translers of i S Fligncior

nuclear technology o Algeria
and gaciats x

LA faprcoas ng Racilty

United

-
N~

F’-Iﬂﬂs Arabia
ﬁ'ﬁlh
Huclear stales Aspiring states
Cc e rephasanl nuclsar .
slates, aranged on the irag Libya v
: el A3 states that the awthors
bimelire by the vear of first A say have embryonic
nucloar detonation (oo, for !'quln'lr WOIDONS
Igragd and Soulh 'm;”:'l"'t the Abandoned nuclear Fﬂ'ﬂfﬂl‘ﬂﬁ prOgrams Al the
yodr ihey Could havs toaled) Hoxagons roprgsent staies thal have abandonod N@ions deny any
Lonnectons show (he How of nformation o their naclear weapons programs. Uther stales, not ambitions o develop
and technology, by intended transfer, laak =i Fisachar shown. that have ended their weapons programs alom bombs

OF SSPIONAGE, SOMme wers One-way inchsge Sweden (1970). Swiserland and Taran
wansfers: alhers ware bwo-way {1988}, and Argenting and Brazil ( 1984)

Sovrces: Thornas O Reed and Daany B Sidlnan THE REW Yk TIWES
RECOMMEND

This article has been revised to reflect the following correction:

Correction: December 15, 2008
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Russia
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Nuclear Weapons Stockpiles 1945-2017

Rising, then Pulling Back from a Peak
Having reached a peak in the late 1980s,

the number of nuclear warheads has dropped
significantly. But more countries now

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

E 9,330 Nuclear weapons in Military Stockpiles in 2019



World Nuclear Weapons Stockpile 1945-2017
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Arms Control Association 2018 estimate

2018 ESTIMATED GLOBAL NUCLEAR WARHEAD INVENTORIES

The world’'s nuclear-armed states possess a combined total of roughly 15,000 nuclear
warheads; more than 90 percent belong to Russia and the United States. Approximately 9,600
warheads are in military service, with the rest awaiting dismantlement.
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Breakdown of the Nuclear Weapons Stockpile (2019)

Estimated Global Nuclear Warhead Inventories, 2019
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World Nuclear Weapons Stockpile 1945-2019

Estimated Global Nuclear Warhead Inventories 1945-2019

Wartwads
80,000 -

KristensenMorda™orris, FAS 2019

70,000 -

Global warhead inventory
(stockpiled + retired)

60,000 -
50,000 -
40000 - Russian Stockpile
30,000 -

20,000 -

10,000 -

ﬂ _ Al others: China, France, India, Israel, North Korea, Pakistan, United Kingdom

1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
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NPT Nuclear Weapon States Non-NPT Nuclear Weapon States

(Total Weapons) (Total Weapons)
China: ~ 290 Pakistan: ~ 140-150
France: ~ 300 Israel. ~ 80
Russia: ~ 4.330 India: ~ 130-140
UK: ~ 215 North Korea: ~ 20-30
US: ~ 3,800

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




Status of World Nuclear Forces 2019

Country Deployed Deployed Reserve/ Military Total Inventory
Strategic | Nonstrategi | Nondeploye | Stockpile
c d
Russia 1,600c Od 2,730e 4,330 6,500f
United States 1,6009g 150h 2,050/ 3,800j 6,185k
France 280/ n.a. 20/ 300 300
China Om ? 290 290 290m
United Kingdom 120n n.a. 95 215 215n
Israel 0 n.a. 80 80 800
Pakistan 0 n.a. 140-150 140-150 140-150p
India 0 n.a. 130-140 130-140 130-140q
North Korea 0 n.a. ? 20-30 20-30r
Total: ~3,600 ~150 ~5,555 ~9,330 ~13,890

Source: Federation of American Scientists “Status of World Nuclear Forces”
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Estimated Nuclear Alert Forces, 2017

Country Stockpiled Warheads Alert Warheads

United States 4,000 852 21% of Stockpile on Alert ICBMs: 392, SSBNs: 460
Russia 4,300 897 21% of Stockpile on Alert ICBMs: 686, SSBNs: 211
France 100 a0e 27% of Stockpile on Alert SSBNs: 80

Britain 215 408 19% of Stockpile on Alert SSBNs: 40

China 270 0 Warheads are not mated with delivery systems
Pakistan 140 0 Warheads are not mated with delivery systems
India 120 0 Warheads are not mated with delivery systems
lsrael 80 0 Warheads are not mated with delivery systems
Morth Korea (10-20) (0) Warheads are not mated with delivery sysyems
Total 9,425° 1,869

Source:Hans Kristensen, FAS, Alert Status of Nuclear Weapons
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EPart 2: Sec 1 Arsenals of the US and SU/Russia
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Evolution of US and SU-Russian Nuclear Stockpiles (2019)
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US and Russian Warheads after New START

New START Treaty Aggregate Numbers of Strategic Nuclear Forces
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Source: Federation of American Scientists



* 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.



Evolution of US SSBN Nuclear Forces

SSBN Forces 2000f 2001 2002 2007* 2012**
SSBNs

Trident [3] 18 18 18 14 14
Total SSBNs 18 18 18 14 14
SLBM Launchers

Trident with C4 [9] 192 168 168

Trident with D5 [10] 240 264 264 336 336
Total Launchers 432 432 432 336 336
SLBM Warheads

W76 (C-4) [14] 1536 1008 1008

W76 (D-5) 1536 1728 1728 1560 1300
W88 (D-5) [15] 384 384 384 384 380
Total Warheads 3456 3120 3120 1944 1680

N

Source: NRDC



Evolution of US ICBM Nuclear Forces

ICBM Forces 2000 2001 2002 2007* 2012**
Launchers

MINUTEMAN I1I [8] 500 500 500 500 500
MX

(PEACEKEEPER) 50 50 50 50 50
]|

Total Launchers 550 550 550 550 550

ICBM Deployed Warheads

W62 (MM lIl) [16] 600 300 300 0 0
W78 (MM IIl) [17] 900 900 900 300 300
W87 (MX) [18] 500 500 500 200 200
Total (Deployed) 2000 1700 1700 500 500

Source: NRDC




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

Estimated Forces, 2010 Planned Forces Under Mew START®
Total Deployed
Launchers Warheads Launchers Launchers Warheads
iceM  Minuteman Il 399 N/A 454 400 400
sim  Trident 919 N/A 280 240 | 090
Bomber B34 38 46 4 42
Bomber B-d 11 49 0 |8 |a
Total 660 1393 800 100 |,550

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

Nuclear | Type
Triad

Land ICBM

Air Bomber
Sea SLBM




US and Russian Nuclear Evolution

How U.S. And Russian Nuclear Arsenals Evolved

Stockpiled nuclear warhead count by year
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Nuclear Labs, Plants, and Weapons locations (2017)
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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 (ICBMs/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 III ICBMs

9 Colorado 44 90™ Missile Wing silos for Minuteman III ICBMs

10 Wyoming 34 90" 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



https://media.defense.gov/2018/Feb/02/2001872877/-1/-1/1/EXECUTIVE-SUMMARY .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

+NUCLEAR

3 N ™

roles in U.S. national security strategy. They contribute to the:

; ppsjmmw - ¢ future threat environment, U.S. nuclear forces play the following critical

» Deterrence of nuclear and non-nuclear attack;

» Assurance of allies and partners;

» Achievement of U.S. objectives if deterrence fails; and
» Capacity to hedge against an uncertain future.

" 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.




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 LS. 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.5. forward-deployed
nuclear weapons. The forthcoming B61-12 gravity
bomb will replace earlier versions of the B61, and

be available for these DCA beginnjng in 2021,

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

countries. Their forward presence contributes

signif"lcant]}' to the deterrence of Pﬂtﬂnﬁﬂ] Sandia Mational Laboratory mechanical engincer
Their adjusts a microphone for an acoustic text on a

adversaries and the assurance of allies. _
B-61-12 system.

presence is a clear deterrence signal to any potential
adversary that the United States possesses the forward-deployed capability to respond 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



Russian Nuclear Laboratory and Stockpile Locations
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USSR/Russian Nuclear Stockpile, 1949-2002
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Russian || Year || Warheads Total
Type/name Designation || Launchers Deployed || ¥ yield (kilotons) Warheads

Strategic affensive weapons || ||
ICBMs || ||
55-18 M§ Satan RS-20V || 46 1088 || 10 x 500/800 (MIRY) 460"
55-19 M3 Stiletto RS-18 (UR-100NUTTH) || 30t 1980 || 6 % 400 {MIRV) 120/
55-10 Md ? (Avangard) || (2019) || 1 % HGV
5525 Sickle RS-12M {Topol) || 63 1988 || 1 x 800 63°
55-27 Mod 1 {mobile) RS-12M1 (Topal-M] || 8 2006 || 1 % 8007 i8
55-27 Mod 1 {silo) RS-12M2 (Tapol-M) || 60 1997 || 1 x BOC 60
55-27 Mod 2 {mobile) RS-24 (Yars) || 9 2010 || 4 % 1007 (MIRV) 196
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-X-29 (sila) RS-28 (Sarmat) || (2020) || 10 % 5007 (MIRY)
Subtotal 1165

|| 118

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




Type/Name Designation Launcher | Year Warhead Yield total

S Deployed
SLEMs
55-N-18 M1 Stingray RSM-50 1/16 1978 3 % 50 [MIRV) 48
55-N-23 M1 RSM-54 {Sineva) b/96 2007 4 % 100 {MIRV)" 384
55-N-32 RSM-56 {Bulava) 3/48 2014 b x 100 {MIRV) 288
Subtotal 10/160° 720
Bombers/weapons
Bear-Hb Tu-95 M58 25 1984 & % AS-15A ALCMs, bombs 150
Bear-H1& Tu-95 M516 30 1984 16 » AS-15A ALCMs, bombs 480
Blackjack Tu-160 13 1987 12 x AS-158 ALCMs 156
Subtotal 6a" 786
Subtotal strategic offensive forces 546" ~2,670¢

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




Type/Name Designation Launchers Year Deployed | Warhead Yield total
Monstrategic and defensive weapons " "
ABM/ Air/Coastal defense || ||
5-300/5-400 (SA-20/5A-21) ~1000 || 1993/2007 || 1 % low w200
5376 Gazelle 68 || 1986 || i x 10 68
55C-18 Sepal (Redut) 8 || 1973 || 1 % 350 4
SSC-5 Stooge (S5-N-26) (K-300P/3M-55) a8 || 2015 || (1 x 10 24
Land-based air || ||
Bombers/fightars {Tu-22M3/Su-24M/5u-34/ 300 H 1074/2006/1983 “ ASMs, bombs w530
MiG-31K)
Ground-based || ||
55-21 Scarab SSM (9K79, Tochka) 12 || 1961 || 1 % 10-100 5
55-26 Stone 55M (9K720, Iskander-M) 132 2005 1 % 10-100 66
S5C-7 GLCM {9M728)"
SSC-8 GLCM {9M729): 16" 2017 1 x 10-100 16
Haval || ||
Submarines/surface ships/air || || LACM, SLCM, ASW, SAM, DB, torpedoes §20
Subtotal nonstrategic and defensive forces || || ~1, 820"
Total || || ~o i, 400"
Ceployed || || 1,600
Resarve || || 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




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.
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