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Foreword 
This is Part 2 of a rather lengthy presentation that is my attempt to tell a complex story, 
starting from the early origins of the U.S. Navyôs interest in marine nuclear propulsion in 
1939, resetting the clock on 17 January 1955 with the worldôs first ñunderway on nuclear 
powerò by the USS Nautilus,  and then tracing the development and exploitation of nuclear 
propulsion over the next 60 years in a remarkable variety of military and civilian vessels 
created by eight nations. 

I acknowledge the great amount of work done by others who have posted information on the 
internet on international marine nuclear propulsion programs, naval and civilian nuclear 
vessels and naval weapons systems.  My presentation contains a great deal of graphics from 
many internet sources.  Throughout the presentation, I have made an effort to identify all of 
the sources for these graphics.  

If you have any comments or wish to identify errors in this presentation, please send me an 
e-mail to:  PL31416@cox.net. 

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

Best regards, 

Peter Lobner 
August 2015 

mailto:PL31416@cox.net


United States 
· Current nuclear vessel fleet 

· Naval nuclear infrastructure 

· U.S. naval reactors and reactor prototype facilities 

· Navy nuclear submarines: 

· Fast attack subs (SSN) 

· Strategic ballistic missile subs (SSBN) 

· Cruise missile subs (SSGN) 

· Special operations subs 

· Navy nuclear surface ships: 

· Cruisers 

· Aircraft carriers 

· Nuclear vessel decommissioning and environmental cleanup 

· Civilian nuclear marine vessels & reactors 

· Merchant ship & floating nuclear power plant 

· Radioisotope Thermoelectric generators (RTGs) at sea 

· Marine nuclear power current trends 



U.S. current nuclear vessel fleet 
mid-2015 

· The U.S. Navy operates an all-nuclear fleet of submarines comprised of 
72 vessels in the following classes: 
· 39 x Los Angeles-class SSNs in three sub-classes (9 x 688 Flight I; 8 x 688 Flight II, and 22 

688i) 

· 3 x Seawolf-class SSNs, including the special operations sub SSN-23, Jimmy Carter 

· 12 x Virginia-class SSNs in three sub-classes (4 x VA Block I; 6 x VA Block II; and 2 x VA 
Block III) 

· 14 x Ohio-class SSBNs 

· 4 x Ohio-conversion SSGNs 

· The U.S. Navy operates a fleet of nuclear-powered aircraft carriers, 
currently all from one class: 
· 10 x Nimitz-class CVNs 

· The first Gerald R. Ford-class CVN is expected to enter service in late 2015. 

· The U.S. Navy also operates two converted SSBNs as Moored Training 
Ships (MTS) 

· The U.S. does not operate any commercial nuclear-powered vessels. 
 



U.S. naval nuclear 

infrastructure 



RADM Hyman G. Rickover 
· 27 January 1900: Born in Poland, just a few months before the 

U.S. submarine force came into existence.  

· Graduated from the Naval Academy in 1922.  

· Served as head of Bureau of Ships Electrical Section during 
World War II. 

· Early 1946: Assigned by Bureau of Ships to receive training in 
nuclear power at Oak Ridge, TN and worked with the Bureau to 
explore the possibility of nuclear-powered ship propulsion. 

· May 1946: Rickover assigned Deputy Director of Oak Ridge 
nuclear propulsion program 

· February 1949: Assigned to the Division of Reactor Development 
at the U.S. Atomic Energy Commission and also assigned as 
Director of the Naval Reactors Branch in Bureau of Ships.  

· This twin role enabled Rickover to lead the effort to develop the 
worldôs first nuclear-powered submarine, USS Nautilus (SSN-
571), commissioned in January 1955.  

· Promoted to the rank of Vice Admiral by 1958, Rickover exerted 
tremendous influence over the nuclear Navy in both engineering 
and cultural ways. His views touched matters of design, 
propulsion, education, personnel, and professional standards.  

· In every sense, he played the role of father to the nuclear fleet, its 
officers, and its men.  

· After sixty-four years of service, Rickover retired from the Navy as 
a full admiral on 19 January 1982. He died on July 8, 1986. 

Rickover aboard Nautilus Source: US Navy 



Executive Order 12344 
Naval Nuclear Propulsion, 1 Feb 82 

· For the purpose of preserving the basic structure, policies, and practices developed for this 
Program in the past and assuring that the Program will continue to function with excellence, it is 
hereby ordered as follows: 

· Naval Nuclear Propulsion Program is an integrated program carried out by two organizational unit: 
Department of Energy & Department of the Navy 

· Both organizational units shall be headed by the same individual so that the activities of each may 
continue in practice under common management.  

· Secretary of Energy shall assign to the Director the responsibility of performing the functions of 
the Division of Naval Reactors transferred to DOE by Section 309(a) of the Department of 
Energy Organization Act (42 U.S.C. 7158), including assigned civilian power reactor programs, 
and any naval nuclear propulsion functions of DOE. 

· Secretary of the Navy shall assign to the Director responsibility to supervise all technical 
aspects of the Navy's nuclear propulsion work. 

· The Directorôs roles & responsibilities include: 

· Direct supervision of Bettis and Knolls Atomic Power Laboratories, the Expended Core Facility, and naval 
reactor prototype plants; 

· Research, development, design, procurement, acquisition, specification, construction, inspection, 
installation, certification, testing, overhaul, refueling, operating practices and procedures, maintenance, 
supply support, and ultimate disposition, of naval nuclear propulsion plants, including components thereof, 
and any special maintenance and service facilities related thereto; 

· Safety of reactors and associated naval nuclear propulsion plants, and control of radiation and 
radioactivity associated with naval nuclear propulsion activities; 

· Training, including training conducted at the naval prototype reactors of DOE and Nuclear Power Schools 
of the Navy; 

· Administration of the Naval Nuclear Propulsion Program. 



Naval Nuclear Propulsion Program 
(NNPP) Management 

Department of Energy 

Secretary of Energy 

Department of Navy 

Secretary of the Navy 

(SECNAV) 

Under Secretary for 

National Security 

National Nuclear 

Security Administration 

(NNSA) 

Deputy Administrator for 

Naval Reactors 

Chief of Naval Operations 

(CNO) 

Naval Sea Systems 

Command 

(NAVSEA) 

Director Naval Reactors 

(NAVSEA 08)  Both positions 

held by one 

person IAW 

EO 12344 



Directors of Naval Reactors 

Director of Naval Reactors  Start term End term 

Adm. Hyman G. Rickover Feb 1949 Feb 1, 1982 

Adm. Kinnaird R. McKee Feb 1, 1982 Oct 22, 1988 

Adm. Bruce DeMars Oct 22, 1988 Sep 27, 1996 

Adm. Frank ñSkipò Bowman Sep 27, 1996 Nov 5, 2004 

Adm. Kirkland H. Donald Nov 5, 2004 Nov 2, 2012 

Adm. John M. Richardson Nov 2, 2012 5 Aug 2015, 
became CNO 

Adm. Frank Caldwell 5 Aug 2015 present 



Naval Nuclear Propulsion Program 
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Naval Reactors Organization 

Source: Naval Reactors, http://www.nwtrb.gov/meetings/2010 



Naval Reactors 
2014 budget request 

including out-year projections for 2015 - 2018 

Source: Department of Energy 2014 Congressional Budget Request,  DOE/CF-0084, Vol 1. 



Knolls Atomic Power Laboratory 
· Knolls Atomic Power Laboratory (KAPL) is one of two government-owned, 

contractor-operated laboratories solely dedicated to naval nuclear propulsion work 
for Naval Reactors. 

· KAPL is located near Schenectady, NY and has been operated by Bechtel Marine 
Propulsion Corp. since 2009, when Naval Reactors consolidated the management 
of KAPL and Bettis. 

· 1946: Founded when General Electric received a research contract from the Manhattan 
Engineering District. 

· 1950: GE started research on small reactors for submarines. 

· 1946 ï 1995: General Electric remained the operating contractor 

· 1995 ï 2009: Lockheed Martin was the second operating contractor 

· KAPLôs mission is to help ensure the continued safe and reliable operation of the 
Navyôs nuclear reactor propulsion plants and to develop new reactor plants to meet 
evolving defense requirements.  

· KAPL has fuel manufacturing development capabilities and unique thermal-
hydraulic test capabilities. 

· KAPL operates two Naval reactor prototypes at the Kesselring Site in West Milton, 
NY. 

· The prototype reactors are used for operational testing of new technologies under typical 
operating conditions prior to fleet introduction and for training Navy nuclear operators. 

· The prototypes are MARF/S7G and S8G. 

· Nuclear Power Training Unit (NPTU) Ballston Spa is located at the Kesselring site. 



Kesselring Site, West Milton,NY 

· Two land-based naval 
reactor prototypes are 
operating at KAPLôs 
Kesselring Site: 

· MARF/S7G is running 
the Developmental 
Materials Core (DMC). 

· S8G is in an extended 
refueling / overhaul 
outage lasting from 
2015 thru 2021.  
Thereafter, it will be 
running the Technology 
Demonstration Core 
(TDC).  

· Prototypes previously 
operated at the site were 
S1G, D1G and S3G.  
These have been 
permanently shut down. 

Source: U.S Navy 

ñHorton Sphereò containment structure housed 

the S1G prototype, which was removed and 

replaced by the D1G prototype 

S8G 

S3G MARF / S7G 



Naval Nuclear Power Training Unit 
(NPTU) Ballston Spa, NY. 

· The two land-based naval reactor 
prototypes at the  Kesselring Site are 
used for training U.S. Navy officers, 
enlisted personnel and contractors to 
safely operate naval nuclear 
propulsion plants. 

· MARF/S7G  

· S8G 

· By 2012, KAPL has trained over 
50,000 students since the beginning 
of the laboratory. 

· Starting in FY 2018 when the S8G 
prototype enters an extended 
overhaul and refueling outage, the 
Naval Nuclear Power Training 
Program will have only three 
operational reactor training platforms.  

· To maintain training program capacity 
at the Kesselring Site, the Engineroom 
Team Trainer and other task trainers 
will be built at the Kesselring Site. 

 

Source: https://www.netc.navy.mil 



Bettis Atomic Power Laboratory 
· Bettis is one of two government-owned, contractor-operated laboratories 

solely dedicated to naval nuclear propulsion work for Naval Reactors. 

· Bettis is located near Pittsburgh, PA and has been operated by Bechtel 
Marine Propulsion Corp. since 2009, when Naval Reactors consolidated the 
management of KAPL and Bettis. 

· 1949 ï 1998: Westinghouse was the founder and original operating contractor 

· 1998 ï 2008: Bechtel Bettis, Inc. was the second operating contractor 

· Bettisô mission is to help ensure the continued safe and reliable operation of 
the Navyôs nuclear reactor propulsion plants and to develop new reactor 
plants to meet evolving defense requirements. 

· Bettis developed the original Oak Ridge National Laboratory design of the 
pressurized water reactor for operational naval use, and in collaboration with 
Argonne National Lab, developed the Submarine Thermal Reactor (STR) that was 
installed on USS Nautilus (SSN-571) and made the worldôs first ñunderway on 
nuclear power.ò 

· Bettis has a specialized testing facility for full-scale steam generator testing, a 
control drive mechanism test facility. 

· The laboratory is home to the U.S. Navy's Bettis Reactor Engineering School. 
This school provides a post-graduate certificate program in Nuclear 
Engineering (through the Naval Postgraduate School) with a focus on nuclear 
reactor design, construction, and operations. 



Naval Reactors Facility (NRF) 
· NRF is located on the Idaho National Lab (INL) and has been operated by 

Bechtel Marine Propulsion Corporation since 2009. 

· NRF is the site of the S1W, A1W and S5G reactor prototype.   

· About 38,500 personnel were trained at NRF to operate surface ship and 
submarine nuclear propulsion plants.  

· All NRF prototypes have been permanently shut down. 

· S1W operated 36 years from May 1953 ï Oct 1989 

· A1W operated 35 years from Sep 1959 ï Jan 1994 

· S5G operated for 30 years from 1965 - March 1995  

· The only remaining active facility at NRF is the Expended Core Facility 
(ECF) / Dry Storage Facility, which provides for processing, examination 
and storage of spent fuel from U.S. naval reactors 

· A ñrecapitalizationò project is underway to modernize the 50-year old ECF and 
give it the capability to handle the longer fuel elements from aircraft carrier 
reactors. 

· The 1995 ñIdaho Settlement Agreementò requires that all naval spent nuclear fuel 
be in dry storage by 2023 and removed from Idaho by 2035. 



Naval 
Reactors 
Facility 
(NRF) 

Source: adapted from http://wikimapia.org 

S5G 

S1W 

Expended Core Facility (ECF) 

A1W 



Nuclear Power Training Unit 
(NPTU) Goose Creek, SC  

· Two decommissioned nuclear 
submarines are moored dockside and 
used as training platforms with fully-
operational nuclear propulsion plants. 

· Modifications made for the training role 
include:  
· Special mooring arrangements, with a mechanism 

to absorb power generated by the main propulsion 
shaft. 

· Removal of missile compartment from SSBNs. 

· Addition of a new hull section containing training 
spaces, offices, and a new reactor emergency 
safety system. 

 Moored Training 

Ship (MTS) 

Reactor Years 

delivered 

Years in 

service 

Daniel Webster  (former 

SSBN 626) - moored 

training ship MTS-626 

S5W Aug 1990 1990 ï present 

(expected thru 

Nov 2022) 

Sam Rayburn (former 

SSBN-635) ï moored 

training ship MTS-635 

S5W Jul 1989 1989 ï present 

(expected thru 

May 2019) 

La Jolla 

(former SSN-701) 

S6G 

 

Currently 

being 

converted 

Expected to 

replace Daniel 

Webster in 2018 

San Francisco 

(former SSN-711) 

S6G 

 

Conversion 

planned 

Expected to 

replace Sam 

Rayburn 

Sources: Above: wikimapia.org; Below: http://www.navsource.org/archives 



DOE Idaho Operations Office 
· This DOE Nuclear Energy (NE) Field Office 

oversees operation of DOE programs at the 
Idaho National Laboratory (INL) and coordinates 
NR programs at the DOE-owned Advanced Test 
Reactor (ATR) Complex.  

· ATR is a 250 MWt PWR materials test reactor 
built in 1967. 

· NR is the primary customer for ATR. 

· The ATR, which offers high thermal neutron flux 
and large test volumes, is the primary national 
facility with the capability for performing material 
irradiation testing.  

· This facility is the NRôs main source of data on 
the performance of reactor fuel, poison, and 
structural materials under irradiated conditions.   

· ATR was designates as a National Scientific 
User Facility in April 2007.  Coordination with 
other users is handled by the Idaho Operations 
Office. 

· ATR Critical Facility (ATRCF) is a ñzero-powerò 
reactor used for making physics measurements 
of various core configurations.   

Source: Argonne National Lab 

ATR 


