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Foreword

In 2015, | compiled the first edition of this resource document to support a presentation | made in
August 2015 to The Lyncean Group of San Diegav(lynceans.orgjcommemorating the 60

' YYADBSNBEFNE 2F (0KS 62 NI RQ& UBS Nhtiluen d agnkeByNBsb.&8 2 Y
That presentation to the Lyncean Grodpc 1 @ S+ NB 2 F al NA ¢HSn omaihyS | NJ
attempt to tell a complex story, starting from the early origins ofthgb I @& Qa Ay i SNB &
nuclear propulsion in 1939, resetting the clock on 17 January 1953U&8 Nautii®@ KA & G 2 NA O
voyage, and then tracing the development and exploitation of marine nuclear power over the next 60
years in a remarkable variety of military and civilian vessels created by eight nations.

In July 2018, IAfinished a co[nplete update oj the resource document and changed the title to,
Gal NAYS bdzOf &k NMm ywBebysNIEve vededert 5: China, India, Japan and Other
Nations The other parts are:

Part 1: Introduction

Part 2A: United StatesSubmarines

Part 2B: United StatesSurface Ships

Part 3A: RussiaSubmarines

Part 3B: RussiaSurface Ships & Nepropulsion Marine Nuclear Applications
Part 4: Europe & Canada

Part 6: Arctic Operations



http://www.lynceans.org

Foreword

This resource document was compiled from unclassified, open sources in the public domain. |
acknowledge the great amount of work done by others who have published material in print or
posted information on the internet pertaining to international marine nuclear propulsion programs,
naval and civilian nuclear powered vessels, naval weapons systems, and other marine nuclear
applications. My resource document contains a great deal of graphics from many sources.
Throughout the document, | have identified all of the sources for these graphics.

If you have any comments or wish to identify errors in this document, please send mmaihte:
PL31416@cox.net

| hope you find this informative, useful, and different from any other single document on this subject.

Best regards,

Peter Lobner
July 2018



mailto:PL31416@cox.net

Marine Nuclear Power: 19392018
Part 4. China, India, Japan & other nations

Table of Contents
Section Page

Nations that have operated nuclear vessels
Chin X X X X X X X X X X X X X X X X X X X X XXX X X X XX XXX 5
INdiaX X X X X X X X X X X X X X X XXX XXX XXX X X X X X X X 137
Japalk X X X X X X X X X X XX XXX XXXXXXKXX XXX XXX X203
Other nations with an interest in marine nuclear power technology
BraziK X X X X X X X X X X X X X X X X X X X X XXX X X X X X X X X 224
North Korea X X X X X X X X X X X X X X X X X X X X X X X X X X X 256
PakistatK X X X X X X X X X X X X X X X X X X X XX X X X X X X X X 266
IranX X X X X X X X X X X X X X X X X X XXX XXX XXXXXXX X276
IsraeK X X X X X X X X X X X X X X X X X X X X XX X X X X X X X X 283
AustraliaX X X X X X X X X X X X X X X X X X X X X. X X X X X X X X X291




China

Naval nuclear submarines (SSN & SSBN),
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[ K A yhari@eanuclear timeline

1981 2002
1stChinese Typ@2 15t Type93
(Xiaclass)SSBN (Shangclass)SSN
Construction launched
Complete 2006
1987 Istobservation ofa
1967 1stChinese Typ@2 ChineseType94
Landbased prototype (Xiaclass)SSBN (Jinclassynd
reactor design operational with generationSSBN
complete Jl-1 SLBM 2009
March 68 1988 Istsuccessfutest
21 Sep 49 Landbased prototype ChinaNational launchof a Jk2
t S21L) SQa wSLidzot AO 2F reactor construction Nuclear Corporation SLBMrom aType
China (PRC) formed started (CNNC) formed 094SSBN

1950 April 70 1994 2015
China Institute of Landbased prototype reactor Construction started on 1stChinese
Atomic Energy (CIAE) construction complete 1t Type 093 (Shang 2nd-generation
formed July 70 class) SSN Type 94 (Jitlass)
May 58 Landbased prototype reactor SSBN operational
Start of the naval operated at 2018
nuclear power program full power China announces plans to
with approval of the 23 Aug 71 build a nucleaipowered

andg adzo Yl NAYySé 1stChinese sub, Type 91 icebreaker

program (Hanclass) SSN, underway on
Later in 1958 nuclear power
Reactor Engineering 1974

1stChinese sub, Type 91
(Hanclass) SSN, operational

Research Section (RESS)
formed, responsible for
GKS and adzo Yl NRySe

program




¢CKS O0SIAYYAYI 27
nuclear power program

[ K A yiucléra industry traces its roots back to 1950 when the China Institute of
Atomic Energy (CIAE) was formed.

On January 15, 1955, Chairman Mao-Tgrg and the Central Secretariat
decided China would develop atomic weapons.

[ K A yldvabrauclear power program started in July 1958 when Maellisg
YR GKS [/ SYGN}¥t aAftAldFNEB [/ 2YYAAdaAz2y
LINE2SO0¢o
CIAE formed the Reactor Engineering Research Section (RESS) in 1958 and
assigned it responsibility for the 09 submarine project.

Available information convinced REES thktog-type pressurizedvater reactor (PWR)

based on the Russian icebreakemirQ Afrikantowdesigned OKL.50 propulsionplant would
be the best choice.

It was decided early on that a latihsed prototype would be built first for testing and
training.

The reactor design was completed and approved by 18i60.
In 1964, RESS became Reactor Engineering Institute (Code 194).




¢CKS O0SIAYYAYIT 27
nuclear power program

The Second Ministry of Machine Building was formed in 1958. It was tasked with
the development of all industries associated with production of nuclear
weapons and a nuclear submarine propulsion plant.

The 09 submarine project was severely affected by governmaneconomic
and social transformation programs: Great Leap Forward (119%4), Cultural
Revolution (1968.975), and Third Line movement.
These three movements resulted in major program delays, funding cuts, and the loss of
talented engineers due to political issues.
The landbased prototype reactor design was completed by 1967, construction
started in March 1968, the plant was completed in April 1970, and the plant
operated at full power in July 1970.

The prototype demonstrated that theeactordesign was adequate

.navy.mil/navydata/cno/n87/usw/issue_32/china.html




¢CKS O0SIAYYAY3I 27
nuclear power program

Submarine design progressed in parallel with development of the reactor plant.
The layout of the submarine and its subsystems was determined by the use of a
full-size wood and steel model used to test fit all the components. This slowed
construction but avoided costly rework.

Reactor was installed by early 1971.

The F Chinese Type 091 Hahass sub got underway on nuclear power for the first
time on 23 August 1971.

Due to developmental issues, the submarine did not join the fleet until 1974.
The industrial infrastructure that built up around Jiajiang, named the Southwest

Reactor Engineering Research and Design Aciademy, or, FirstAAcademy, pecame
| KAYl Qa I NBS&ad ydzOf SIFNJ LI2¢SNI Ay Rdzai

data/cno/n87/usw/issue_32/china.html
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nuclear power program

In 1982 the Second Ministry of Machine Building was renamed the Ministry of
Nuclear Industry (MNI) and in 1988 it was reorganized into the China National

Nuclear Corporation (CNNC).
CNNC consists of over 100 subsidiary companies and institutions and controls the vast
majority of civilian and military nuclear programs.
Today, the China Institute of Atomic Energy (CIAE) is the main research and
development organization of CNNC.
/ L1 9Q& wSFEOG2NI 9y IAYSSNAY3I LyaldAddziS Aa
propulsion plants.
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vessel fleet

As of mid2018
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Nuclear submarinesarea
ANRP gAY d St SYSY U
maritime strategy

Source: Re
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| KAY ]I Qa OdzZNNBYy U VY
As of mid2018

¢ KS t Sipdratiod QrinyNavy (PLAN) operates a larggxed fleet of conventional
and nuclear submarine$he conventional fleet is comprised of 57 attack submarines in
several classes and one Type 032 multipose weapons system test platform submarine.

/| K A yiucléxa submarine fleeturrently iscomprised o0 boats in thdollowing classes:

SSNs: 14
3 x Type 09% f 2KydAE f €las$ #-ggnerationSSNs
2 x Type093 Shang-tlass 29-generationSSNs
2 X Type 093A Shaneclass SSNs

Up to 7 x Type 093B Shang lll-€g8ippedmulti-mission SSNESGNs (one or more actually may be a
newer Type 095'3generation SSN)
SSBNs: 6

1 x Type 092 Xielass #-generationSSBN, which no longer is operational, but has not been
decommissioned

5 x Type094 / 094Alinclass 29-generationSSBNs
Chinadoes notoperateany naval or commercial nuclepowered surface ships. However,

a floating nuclear power station is reported to be under construction andaear
poweredicebreaker is planned.

:/lwww.navalanalyses.com/2018/04/infograph@&peoplesliberation-army.html
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| KAYlFQa YI NAYS
Infrastructure

Uranium enrichment:
China produced enriched uranium for weapons, research, and naval reactors at two
gaseous diffusion complexes:
Lanzhou (Plant 504), which operated from 1964 to 1979
Heping (Plant 814), which operated from 1975 to 1987

China operates two centrifuge enrichment plants at Hanzhong and Lanzhou to produce
LEU for civilian purposes

b¢L NBLI2 NI Sgeverpment Kds toEdedared official national policy
regarding HEU, nor does China declare its HEU stockpiles in its annual plutonium
declarations to the International Atomic Energy Agency (IAEA) (INFCIRC/549). China
has not declared any HEU as excess to its military eeds

Marine reactor design bureaus:

China Institute of Atomic Energy (CIAE) Reactor Engineering Institute is responsible for
naval reactor design.

China is believed to have designed their naval reactors to usenowhed uranium
(LEV) fuel

Two marine pressurized water reactors (PWdts)beingdeveloped forfloating
nuclear powelplants and other marine applications: Chidational Nuclear

[ 2 N1LJZ2 NICNNCRGP OB, an@hina General Nuclear PowerNE2 dfLdNa
ACPRS50S.

ive (NTI),24cember 2017, http://www.nti.org/analysis/articles/civili




| KAYlFQa YI NAYS
Infrastructure

ChinaShipbuilding Industry Corporation (CSIC), Bohai Shipyard (aka Huludo
Shipyard), located near Huludo, on tBehaiSea
't £ 2 Tucledpowere@ submarines are built here

The submarine hulls are assembled in a large 4030@@re meteiconstruction hall at the
western end of the shipyard, rolled across a storage area into a dry dock for completion, and
then launched into thénarbor. Final outfitting may occur alongside a pier at the Bohai
shipyard or at theXiaopingdao Submarine Reiase.

Nuclear submarine construction occurs along with construction of commercial tankers and
cargo ships in half a dozen dry docks

Jiangnan Shipyar@roup, located in Shanghai
CKA&a aAKALRIFNR Aa 0 dzpdwBradyare dirétalt yarriers (Type20g1d S y { |
001A and 002).

The shipyard has the capability to build large aircraft carriers comparable to the US
conventionallypowered Kitty Hawdclass carriers.

No nucleaypowered ship has yet been constructed at this shipyard. However, this is the
f A1Stfe FdzidzZNBE &A (S TF-podred dakierRA Yy 3 / KAY |l Q& F)




Bohal (Huludao) Shipyard

~10 meters
(11 yards)
>

Jin SSBN at Huludao Shipyard

Image: October 25, 2013; Digital Globe via Google Earth
Coordinates: 40°42'565.10"N, 120°59'42.85"E

Probable submarine hull sections 4 olmeken (B12vank) o Kristensen/FAS 2014




Bohal (Huludao) Shipyard

2 Jin-class SSBNs at Bohal In 2007-2010

Bohai Shipyard at Huludao
Coordinates: 40°42'55.10°N, 120°59'42.85"E

Images: Chinese internet, precise dates unknown
Kristensen/FAS 2014

Source: GooglPanoramio via http#/fas.org/blogs/security/2014/04/chinassbnfleet/
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for nuclear vessels

The Hainan Naval Complex

This naval complex includes the Longmal Julin Naval Base®s) the southern
coast of Hainan Island

South Sea Fleet naval facilities are on Hainan Island. These are the closest Chines
naval bases to the contested Spratley Islands.

The bases include conventional piers for submarines and surface ships.
Nuclear submarines are based at Longpo Naval Base
Conventional submarines are based at Julin Naval Base

At Longpo Naval Base, the harbor houses SSNs and SSBNs and is large enough 1
accommodate aircraft carriers.

Longpo also has underground submarine pens capable of housing many nuclear
submarines.

s/security/2014/04/chinassbnfleet/




Hainan Island Nav@&bmplex

i e i 1 : Hainan Island Naval Complex
/\ ) ‘/\A ' Coordinates: 18°12'30.06"N, 109°40'48.62"E

Image: Composite, Digital Global via Google Earth

Kristensen/FAS 2014
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Longpo (Yulln) Naval Base

T ORI TR

Longpo (Yulin) NavaI Base

Image: November 30, 2013; Digital Globe via Google Earth
Coordinates: 18°12'55.26"N, 109°42'9.72"E
1 Kristensen/FAS 2014
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tunnel connecting | 3
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Older photo indicates high-bay building
might have backdoor access to tunnel

Source: https://fas.org/blogs/security/2014/04/chinassbnfleet/
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for nuclear vessels

Jianggezhuan@-aoshan) Submaririgase

This base is othhe Yellow Sea approximately 18 kilometers (11 miles) east of Qingdao
in Shandong Province,

This ighe North SeaFlegi I &S | Yy R [/ riGdledrisuboase2 f RS &

The 2d-generation Type 094 Jialass SSBN was first seen here in 2010. This base also
is the hometo the 1st-genType 092 Xialass SSBN and seve®&Ns.

The basdias a dry dock; the only one at a naval base that has been seen servicing
nuclearsubs.

Thisbasel f 82 KI & | & & dzo Y laiydwatsr tudnel @ighéaccess florm O K
the harbor and three landunnels providing access from various base facilities

Only a few miles north of the base is an underground facility that may be storing
munitions for the submarine fleet. As such, it could potentially also serve as a regional

storage facility for nuclear warheads for the SLBMs once released to the navy in a crisis
by the Central Military Committee

.org/blogs/security/2014/04/chinassbnfleet/




Jianggezhuang (Laoshan
SubmarineBase
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