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DIRECTOR, NAVAL REACTORS

1 June 2006
Dear Mr. Chairman,

Enclosed are the Naval Nuclear Propulsion Program’s latest reports on environmental
monitoring and radiological waste disposal, worker radiation exposure, and occupational
safety and health, as well as a report providing an overview of the Program. These reports,
issued annually, continue to show that (a) naval nuclear-powered ships and their support
facilities have had no radiological impact on public health or the environment; (b) no Program
personnel exceeded Federal radiation exposure limits; (c) the average occupational radiation
exposure was much less than the yearly background exposure received by the average
U.S. citizen; and (d) these facilities are consistently and substantially effective at promoting
worker safety and health.

The enclosed reports recognize the Program's continued commitment to maintaining
a high standard for protecting the environment and the workforce, while employing an
unforgiving, complex, and challenging technology. These widely distributed annual reports
have long been a matter of public record. As in the past, this year's reports demonstrate
the results of our strict control of the Naval Nuclear Propulsion Program and our strong
centralized oversight that continues to ensure the safe and effective operation of our
nuclear-powered warships.

Sincerely,

K. H. DONALD
Admiral, U.S. Navy

A. J. Eggenberger, Ph.D., Chairman
Defense Nuclear Facilities Safety Board
625 Indiana Avenue NW, Suite 700
Washington DC 20004-2901
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USS NAUTILUS (SSN 571) at Sea
NAUTILUS first went to sea “Underway on Nuclear Power” in 1955
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Congressional Record

PROCEEDINGS ANDDEBATESOF THE 105™ CONGRESS, SECOND SESSION

W 144 WASHINGTON, FRIDAY, JULY 31, 1998 No. 106

THE SENATE RESOLVED THAT:

(1) the Senate commends the past and present
personnel of the Naval Nuclear Propulsion
Program for the technical excellence,
accomplishment, and oversight demonstrated in
the program and congratulates those personnel
for the 50 years of exemplary service that has
been provided to the United States through the
program; and

(2) it is the sense of the Senate that the Naval
Nuclear Propulsion Program should be continued
into the next millennium to provide exemplary
technical accomplishment in, and oversight of,
Naval nuclear propulsion plants and to continue to
be a model of technical excellence in the United
States and the world.
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The
Naval Nuclear
Propulsion Program

A strong Navy is crucial to the security of the United States, a nation with world-wide
interests which conducts the vast majority of its trade via trans-oceanic shipment. Navy
warships are deployed around the world every hour of every day to provide a credible
“forward presence,” ready to respond on-the-scene wherever America’s interests are
threatened. Nuclear propulsion plays an essential role in this, providing the mobility,
flexibility, and endurance that today’s smaller Navy requires to meet a growing number
of missions. Approximately forty percent of the Navy's major combatants are nuclear-
powered, including 10 aircraft carriers, 54 attack submarines, 14 strategic submarines -
the Nation’'s most survivable deterrent, and 4 submarines removed from strategic
service for conversion to a covert, high-volume, precision strike platform known as
SSGN.

The mission of the Naval Nuclear Propulsion Program, also known as Naval Reactors,
is to provide militarily effective nuclear propulsion plants and ensure their safe, reliable,
and long-lived operation. This mission requires the combination of fully trained U.S.
Navy men and women with ships that excel in endurance, stealth, speed, and
independence from logistics supply chains.

Presidential Executive Order 12344 and Public Law 106-65 set forth the
total responsibility of Naval Reactors for all aspects of the Navy’s nuclear propulsion,
including research, design, construction, testing, operation, maintenance, and ultimate
disposition of Naval nuclear propulsion plants. The Program’s responsibility includes
all related facilities, radiological controls, environmental safety, and health matters, as
well as selection, training, and assignment of personnel. All of this work
is accomplished by a lean network of dedicated research laboratories, nuclear-capable
shipyards, equipment contractors and suppliers, and training facilities which are
centrally controlled by a small headquarters staff. The Director of Naval Reactors is
Admiral Kirkland H. Donald; he also serves as a Deputy Administrator in the National
Nuclear Security Administration.

Naval Reactors maintains an outstanding record of over 134 million miles safely
steamed on nuclear power. The Program currently operates 103 reactors and has
accumulated over 5,700 reactor-years of operations. A leader in environmental
protection, the Program has published annual environmental reports since the 1960s,
which identify that the Program has not had an adverse effect on human health or the
quality of the environment. Because of the Program’'s demonstrated reliability, U.S.
nuclear-powered warships are welcomed in more than 150 ports of call in over 50
foreign countries and dependencies.

Since USS NAUTILUS (SSN 571) first signaled “Underway on nuclear power” over
50 years ago in 1955, our nuciear-powered ships have demonstrated their superiority in
defending the country — from the Cold War, to today’s unconventional threats, and
beyond to future advances that will ensure the dominance of American sea power well
into the future.
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Bushnell's Turtle CSS H. L HUNLEY

Advantages of Naval Nuclear Power

SUBMARINES: Before the advent of nuclear power, the submarine was, in reality,
a small surface ship that could submerge for only short periods of time. The earliest
versions of the submarine, Bushnell's Turtle (circa 1775) and the Confederate
CSS H. L. HUNLEY (circa 1864), were propelled by human effort and were limited by
human endurance and the amount of oxygen within the vessel upon submergence.
Later versions of the submarine required oxygen and fossil fuel to operate engines
which required drawing air and exhausting combustion products. This required the
submarine either to be on the surface or close enough to the surface to use a snorkel,
which made the ship susceptible to detection. To avoid detection, the ship had to
submerge and rely on electric batteries, which depleted within several hours. The ship

would then have to surface.or snorkel again to start the diesel and recharge the
batteries.

While diesel submarines can also be quiet when submerged on batteries, they
have very limited endurance and power. There are also other forms of air independent
propuision for submarines which would allow a submarine to be submerged for weeks
at a time if it remains at very low speeds. However, because of the large amount of
oxygen that must be stored on board, these propulsion systems are insufficient for
warships contributing to global maritime influence.

Diesel Submarine USS BARRACUDA (SST 3)
2




By eliminating the need for oxygen for propulsion, nuclear power offers a way to
drive a submerged submarine at high speeds without concern for fuel consumption, to
operate fully capable sensors and weapons systems during extended deployments, and
to support a safe and comfortable living environment for the crew. Only a nuclear-
powered submarine can operate anywhere in the world's oceans, including under the
polar ice, undetected and at maximum capability for extended periods. Further, nuclear
power provides endurance at high speeds, allowing strategic changes of missions from

one location to another.
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USS PINTADO (SSN 672) at the North Pole

AIRCRAFT CARRIERS: With high-speed endurance to provide strategic
flexibility, speed and responsiveness to provide tactical flexibility, and mobility while on
station, nuclear-powered aircraft carriers can respond to crises more quickly, arrive in a
higher condition of readiness, and stay on station longer with less logistics support than
their fossil-fueled counterparts. Nuclear propulsion in aircraft carriers greatly enhances
their military capability. Mobility and security of fuel supplies are among a fleet
commander's greatest concerns. Nuclear propulsion dramatically reduces these
concerns by providing the ship virtually unlimited high-speed propulsion endurance
without dependence on fossil-fuel tankers or their escorts. Moreover, the compact,
energy-dense nature of a nuclear propulsion plant eliminates large volume tankage
requirements for propulsion fuel and reduces space devoted to combustion air and
exhaust. This permits increased storage capacity for combat consumables (weapons,
aircraft fuel, stores), which improves sustainability and reduces underway replenishment
requirements.




Today's Mission

The Naval Nuclear Propulsion Program exists to provide the United States with the
most capable warships in the world.

Nuclear-powered Submarines

Since USS NAUTILUS, successive classes of ever more capable U.S. attack
submarines (SSN) have ensured a warfighting edge over any potential adversary.
Attack submarines, forward-deployed, alone and unsupported or with strike groups, can
exert influence throughout the world — protecting vital commercial sea lanes, providing
protection for aircraft carrier and expeditionary strike groups, and creating tactical
uncertainty for an enemy who must tie up fleet units in defensive roles. These
submarines operate virtually undetected in all the world's oceans, even under the ice of
the Arctic Ocean. Cruise missiles launched from an unseen, submerged submarine can
reach targets deep inland. Perhaps most importantly, nuclear-powered submarines
guarantee access — access to hostile areas for intelligence gathering, as well as
“clearing the way” to ensure access for other U.S. Naval forces. With fewer bases
overseas and decreasing fleet assets, these warships represent a stealthy, far-reaching
force that will be called upon to shoulder a large part of the defense burden, even in
low-intensity conflicts. Nuclear-powered submarines provide real-time, actionable
intelligence to Combatant Commanders, and can quickly strike with precision or deploy
special forces. Simply put, no other platform has the unmatched stealth, endurance,
and mobility, or the mix of capabilities that a U.S. nuclear-powered submarine brings to
the fight.

VIRGINIA (SSN 774) Returning to Electric Boat Following Successful Completion of Alpha Sea Trials

Today's active attack submarine fleet consists of 49 LOS ANGELES Class
submarines, 3 SEAWOLF Class submarines, and 1 VIRGINIA Class submarine.

The VIRGINIA Class is the planned replacement for the LOS ANGELES Class,
whose earliest boats were commissioned in the 1970s. The lead ship of the VIRGINIA




Class, USS VIRGINIA (SSN 774), was commissioned on October 23, 2004. VIRGINIA
is the first major combatant delivered to the Navy designed with the post-Cold War
security environment in mind, and is uniquely suited for dominance in both shallow and
deep waters. VIRGINIA Class submarines can carry out a variety of missions in shallow
water near land, from anti-submarine warfare to precision strike, covert intelligence
gathering, minefield mapping and mine delivery, and Special Operations Force (SOF)
delivery. These submarines have many innovations, such as an integrated command,
control, communications, and intelligence (C3l) system, non hull-penetrating photonics
masts, and a reconfigurable torpedo room to accommodate a large number of SOF
personnel. VIRGINIA Class submarines are equipped with a nine-man lockout chamber
and may be equipped with Advanced Seal Delivery System (ASDS) or Dry Deck Shelter
(DDS) for SOF support.

The number of countries that are seeking or have obtained diesel, Air Independent
Propulsion (AlIP), and nuclear-powered submarines is an increasing concern to national
security and the military balance in critical regions of the world. The superior stealth,
mobility, endurance, and firepower of our nuclear-powered attack submarines will
enable the United States to successfully combat these threats, whether in deep water or
in the shallows.

The VIRGINIA Class has a reactor plant that is designed to last the entire planned
33-year life of the ship without refueling. This will help to reduce life-cycle cost while
increasing the time the ship is available to perform missions. Naval Reactors is working
on an advanced Transformational Technology Core to provide even greater energy to
support demands for increased submarine operations.

The VIRGINIA Class's modular design allows each ship the flexibility to support
future technology upgrades and advanced payloads. This flexibility will ensure that
these submarines will maintain warfighting superiority over any adversary well into the
21% century.
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VIRGINIA (SSN 774) Passes the Skyline of Portsmouth, Virginia, on Its Way to Norfolk Naval
Shipyard Following Successful Completion of Bravo Sea Trials, August 25, 2004




People ask, "How fast can you go? How deep can you go?" ...That war is over, and we

won. So this war is about how slow can you go? How well can you control your

submarine? Can you control it to a foot? Can you control it to an inch? This submarine
is built for that.

CAPT David J. Kern

Commanding Officer, USS VIRGINIA (SSN 774)

\_ October 2004 /

For over three decades, U.S. ballistic missile submarines (SSBN) have provided
strategic deterrence. These warships are virtually undetectable while submerged,
forming the least vulnerable component of the U.S. strategic deterrent. This force is
comprised of 14 OHIO Class Ballistic Missile submarines, each capable of carrying 24
TRIDENT missiles. At 560 feet in length and 18,700 tons displacement, the TRIDENT
is the largest U.S. nuclear-powered submarine.

USS ALABAMA (SSBN 731)




Four ballistic missile submarines (SSBN) which are no longer needed to perform
their strategic deterrence mission are being converted into guided missile submarines
(SSGN). Each of an SSBN's twenty-four missile tubes has an inside diameter of over
seven feet and can be converted to launch multiple Tomahawk guided missiles or
deploy any of a number of large payloads, such as unmanned underwater vehicles
(UUVs) and special sensors.

Each SSGN will be able to covertly enter a battle space carrying unconventional
payloads and up to 154 guided missiles, plus a large number of Special Operations
Forces personnel. This will provide battlefield commanders with more surprise strike
options, clandestine information gathering methods, and communication pathways. By
fulfilling these missions, the SSGNs will help free up other Navy ships and submarines
to pursue other critical missions.

In January 2003, USS FLORIDA (SSGN 728) successfully demonstrated the
feasibility of these revolutionary capabilities in an exercise involving Special Operations
Forces, UUVs, and connectivity to aerial sensors, in addition to the SSGN's own
tremendous firepower. In October 2004, a second exercise further explored the
capabilities of the SSGN. In this exercise, USS GEORGIA (SSGN 729) served as the
command and control center for a clandestine operation involving a network of Special
Operations Forces sea-based in an SSGN and aided by advanced unmanned systems.

In November 2005, USS OHIO (SSGN 726) completed overhaul and conversion to

an SSGN and returned to the fleet. The remaining three SSGNs are on schedule for
delivery over the next two years.

™

USS OHIO (SSGN 726) with Its Missile Doors Open.
OHIO is One of the Four SSBNs Undergoing Conversion to SSGN.




Nuclear-powered Aircraft Carriers

"Where are the aircraft carriers?" is often one of the first questions asked by the
President in times of crisis around the world. Each aircraft carrier provides the Nation
four and one-half acres of highly mobile sovereign territory, unconstrained by local host
nation considerations, from which to project flexible, rapid, visible, and credible
American military power when needed to keep the peace, deter conflicts, protect
American interests, or fight a war. Nuclear-powered aircraft carriers can transit to the
scene without the logistics support needed for fossil-fueled aircraft carriers at sustained
high speed and arrive fully ready to launch the awesome firepower of the air wing. They
can then sustain that presence and response without immediate replenishment of
combat consumables, with tactical mobility and flexibility free from the need for
propulsion fuel replenishment. Nuclear-powered aircraft carriers have greater capacity
for aviation fuel storage to sustain protracted flight operations, as well as to replenish
the propulsion fuel requirements of their fossil-fueled escorts, as the logistics situation
dictates.

USS CARL VINSON (CVN 70) Refuels USS O’KANE (DDG 77)

K Over the last half-century, Naval nuclear reactors have steamed over 110 million miles \
with an unmatched, absolutely flawless record of safety and performance. Today,
nuclear-powered aircraft carriers reign as the centerpiece of America's strategy of
forward presence, and nuclear-powered submarines remain a crown jewel of our
nation's defense arsenal.

General Henry Shelton
Chairman of the Joint Chiefs of Staff
K On the Program's 50th Anniversary, August 1998 /




Since 1967, when Congress authorized construction of USS NIMITZ (CVN 68), the
nation has moved toward an all nuclear-powered aircraft carrier force. Today's nuclear-
powered aircraft carrier fleet consists of USS ENTERPRISE (CVN 65), the first nuclear-
powered aircraft carrier, and will include 10 NIMITZ Class aircraft carriers with the
GEORGE H. W. BUSH (CVN 77) currently under construction, the largest warships of
any Navy in the world. Nuclear propulsion provides unique tactical mobility and
flexibility, responsiveness, and sustainability — key attributes in sustaining the ability of
our aircraft carrier force to meet the demands of forward presence and crisis response
in an era of shrinking resources. Thousands of airstrikes in Operations ENDURING
FREEDOM and IRAQI FREEDOM were flown from nuclear-powered aircraft carriers,
hitting targets far inland. GEORGE H. W. BUSH will serve as a transition ship from the
NIMITZ Class to the new CVN 21 aircraft carrier design, and will feature new propulsion
plant improvements.

CVN 21 represents the convergence of two paths: continuing to provide for current
missions while transforming to meet future needs. Significant immediate advances in
warfighting capabilities and transformational technologies — embodied in the nearly
tripling of electrical power and in increased core energy, coupled with the manpower
and cost savings planned for this class — make development of the CVN 21 Class a
critical investment and enabler for 21% century capability. In addition to the integrated
combat system, CVN 21 will incorporate an electromagnetic aircraft launching system
(EMALS), and a new nuclear propulsion and electric plant. The CVN 21 nuclear
propuision plant will provide increased operational availability, enhanced survivability,
improved reliability, a higher quality of life for the crew, greatly reduced acquisition and
life-cycle costs, and tremendously improved flexibility for incorporation of warfighting
technology envisioned for future ships.

~ e

USS DWIGHT D. EISENHOWER (CVN 69) Transiting the Suez Canal




What Is the Naval Nuclear Propulsion Program?

The Naval Nuclear Propulsion Program is comprised of military personnel and
civilians who design, build, operate, maintain, and manage the nuclear-powered ships
and the many facilities which support the U.S. nuclear-powered Naval fleet. The
Program has a broad mandate, maintaining responsibility for nuclear propulsion from
cradle to grave. Program responsibilities are delineated in Presidential Executive Order
12344 of February 1, 1982, and prescribed by Public Laws 98-525 of October 19, 1984
(42 USC 7158) and 106-65 of October 5, 1999 (50 USC 2406). Program elements
include:

Research, development, and support laboratories;
Contractors responsible for the design, procurement, and construction of propulsion
plant equipment;
e Shipyards that construct, overhaul, and service the propuision plants of nuclear-
powered vessels;
Navy support facilities and tenders;
Nuclear power schools and Naval Reactors training facilities; and
The Naval Nuclear Propulsion Program Headquarters organization and field offices.
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USS NEWPORT NEWS (SSN 750) on Sea Trials
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Research, Development, and Support Laboratories

The Government-owned, contractor-operated Bettis and Knolls Atomic Power
Laboratories are research and engineering facilities devoted solely to Naval nuclear
propuision work. With combined staffs of over 5,500 engineers, scientists, technicians,
and support personnel, their mission is to develop the most advanced Naval nuclear
propulsion technology and to provide technical support for the continued safe, reliable
operation of all existing Naval reactors. Knolls Atomic Power Laboratory (KAPL)
operates prototype nuclear propulsion plants in New York for the operational testing of
new designs and promising new technologies under typical operating conditions prior to
introduction into the fleet. Both Bettis and KAPL offer post-graduate research
opportunities through the Naval Nuclear Propulsion Fellowship Program.t

The Government-owned, contractor-operated Naval Reactors Facility (NRF),
located within the |daho National Laboratory (INL), examines Naval spent nuclear fuel
and irradiated test specimens. The information derived from these examinations is
used to develop new technology and to improve the cost-effectiveness of existing
designs.

The combined efforts of the Naval Nuclear Propulsion Program’s research,
development, and support laboratories have led to tremendous advances in Naval
reactor technology. For example, the first submarine core endurance was about 62,000
miles; today, submarine and aircraft carrier cores have an endurance of over 1,000,000
miles.

Spectrometer Examination

TFor more information, write to: NNP Fellowship Program, Medical University of South Carolina, Special Programs
Office, 159%2 Rutledge Ave. — 2™ floor, P.O. Box 250218, Charleston, SC 29425,

11




Nuclear Component Procurement Organization

Since the late 1950s, the Naval Nuclear Propulsion Program has had dedicated
prime contractor support to provide engineering, procurement, and technical oversight
of Naval nuclear components. Currently, the prime contractor is Bechtel Plant
Machinery, Inc. (BPMI), with locations in Pittsburgh, PA and Schenectady, NY. BPMI is
involved in the design, purchasing, quality control, and delivery of major propulsion plant
components for installation in nuclear-powered aircraft carriers, submarines, and
prototype plants.

Electron Microprobe Scanning

Nuclear Equipment Suppliers

Multiple privately owned companies throughout the United States perform the actual
design and fabrication of the major propulsion plant components. Manufacturing the
heavy components used in Naval reactors requires four to five years of precision
machining, welding, grinding, heat treatment, and nondestructive testing of large
specialty metal forgings, under carefully controlled conditions. Standards for Naval
applications are far more rigorous and stringent than those required for civilian nuclear
reactors, since components on warships must be designed and built to accommodate
battle shock, radiated noise limits, crew proximity to the reactor, and frequent, rapid
changes in reactor power. Many of these equipment manufacturers have been
contributing to the Program for several decades.

12




USS MICHIGAN (SSGN 727) Undergoing Testing in Dry Dock at Electric Boat

Shipyards

Two private shipyards build all of our nuclear-powered ships. These two shipyards,
together with four public shipyards, provide the nation’s capability to overhaul, repair,
refuel, and inactivate nuclear-powered ships. These complicated tasks require an
experienced and skilled work force specifically trained to do Naval nuclear propulsion

work. With approximately 50,000 employees, these public and private facilities are

unique industrial assets with capabilities found nowhere else in America.

/Shipyard Sector

~\

Northrop Grumman Newport News Private
Pearl Harbor Naval Shipyard and Public

Intermediate Maintenance Facility
Portsmouth Naval Shipyard Public
Puget Sound Naval Shipyard and Public
\ Intermediate Maintenance Facility

Location
Electric Boat Private Groton, CT
Norfolk Naval Shipyard Public Portsmouth, VA

Newport News, VA
Pearl Harbor, HI

Kittery, ME
Bremerton, WA

J
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/ It is a pleasure to note once again that personnel with the Naval Reactors' program\
continue to exhibit extraordinary standards in the performance of their work. Naval
Reactors consistently maintains a model program for the design, construction, operation,
and decommissioning of nuclear-powered vessels. The Board congratulates you for
your sustained superior performance.

John T. Conway
Chairman, Defense Nuclear Facilities Safety Board

\ September 2003 /

Support Facilities and Tenders

Fleet Intermediate Maintenance Activities (deployed tenders and support facilities at
major bases) perform maintenance and repair on nuclear-powered ships outside of
major shipyard availability periods. Staffed by specially trained personnel, these
facilities provide upkeep and resupply support for the fleet. The tenders are themselves
sea-going military vessels which routinely perform their missions while deployed all over
the world. Thus, the ability of the nuclear-powered fleet to remain on station is further
enhanced by our ability to forward-deploy repair and maintenance activities.

USS SALT LAKE CITY (SSN 716) Pulls Alongside the Submarine Tender
USS FRANK CABLE (AS 40) in Apra Harbor, Guam
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Schools and Training Facilities

The unique training requirements of the Naval Nuclear Propulsion Program are met
by special purpose training facilities staffed by highly qualified instructors. These
facilities include the Nuclear Field "A" School and Nuclear Power School in Charleston,
South Carolina; and Moored Training Ships and land-based prototypes which provide
hands-on training and ensure that prior to their first sea tour, every operator has
qualified on an operating Naval nuclear propulsion plant.

With the repeal of the Combat Exclusion Law in the 1994 Defense Authorization Act
and the Navy decision to open combatant ships to women, the Program began
accepting women into the training pipeline to be propulsion plant operators aboard
nuclear-powered surface combatants. Female officer and enlisted personnel are now
integral to the successful operation of these ships and their support organizations.

Enlisted Nuclear Power School Classroom
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NAVAL NUCLEAR PROPULSION PROGRAM

Responsible for the research, design, development, operation, testing,
maintenance, and disposal of Naval nuclear propulsion plants

Q " NUCLEAR-POWERED WARSHIPS

FIELD OFFICES at the many Approximately 40% of the Navy's major combatants
program-related activities

NAVAL
REACTORS

HEADQUARTERS
A JOINT DOE/NAVY
OFFICE

SHIPYARDS, SUPPORT FACILITIES,

RESEARCH AND DEVELOPMENT AND TENDERS

LABORATORIES employ - —
over 5,500 people Approximately 50,000 Navy and civilian workers
"j)ﬂ*' SCHOOLS, MOORED TRAINING
NUCLEAR EQUIPMENT SUPPLIERS + =¥ SHIPS, AND PROTOTYPES have
Over 1,000 industrial contractors trained over 113,000 Naval personnel

Headquarters

Naval Nuclear Propulsion Program Headquarters provides oversight and direction
for all elements of the Program. Because of the critical nature of nuclear technology, all
major technical decisions regarding design, procurement, operations, maintenance,
training, and logistics are made by a dedicated Government headquarters professional
staff expert in nuclear technology. Headquarters engineers set standards and
specifications for all Naval Nuclear Propulsion Program work, while on-site
headquarters representatives monitor the work at the laboratories, prototypes,
shipyards, and prime contractors.

Based on over five decades of engineering experience in nuclear propulsion, the

headquarters organization exercises exacting control over all aspects of the Program,
demanding technical excellence and discipline unique among nuclear programs.

16




Establishment of the Program

In 1946, at the conclusion of World War Il, Congress passed the Atomic Energy Act,
which established the Atomic Energy Commission (AEC) to succeed the wartime
Manhattan Project, and gave it sole responsibility for developing atomic energy. At this
time, Captain Hyman G. Rickover was assigned to the Navy Bureau of Ships, the
organization responsible for ship design. Captain Rickover recognized the military
implications of successfully harnessing atomic power for submarine propulsion and that
it would be necessary for the Navy to work with the AEC to develop such a program.
He and several officers and civilians were sent to the AEC laboratory at Oak Ridge,
Tennessee, for one year to learn the fundamentals of nuclear reactor technology.

Although the concept of using a reactor to produce heat was understood, the
technology to build and operate a shipboard nuclear propulsion plant did not exist.
Though there were several reactor concepts, the real challenge was to develop the
technology and transform theory into practical engineering. New materials had to be
developed, components designed, and fabrication techniques worked out. Further,
installing and operating a steam propulsion plant inside the confines of a submarine and
under the unique deep-sea pressure conditions raised a number of technical difficulties.
With these obstacles, the team at Oak Ridge knew that to build a Naval nuclear
propulsion plant would require substantial commitment of resources and a new level of
government and industry commitment.

Captain Rickover returned to Washington and used every opportunity from his post
at the Bureau of Ships to argue the need to establish a Naval Nuclear Propulsion
Program. Since there were many unknowns, he recommended undertaking two parallel
reactor development projects: a pressurized-water cooled reactor and a liquid-metal
cooled reactor. On August 4, 1948, the Navy created the new Nuclear Power Branch
(Code 390) with Rickover as its head within the Bureau's Research Division.

By 1949, Captain Rickover had forged an.arrangement between the AEC and the
Navy under which he would proceed with both projects. In 1949, Rickover's new
organization contracted with Westinghouse to develop a facility (the Bettis Atomic
Power Laboratory) to work on the pressurized-water design. In 1950, he contracted
with General Electric to determine whether a liquid-metal reactor design, which it was
developing at the AEC's Knolls Atomic Power Laboratory, could be applied to Naval
propulsion.

Captain Rickover recruited a strong technical staff from those who studied at Oak
Ridge, others from past service in the Navy, and top young nuclear engineers right out
of college. This core of engineers and Naval officers oversaw every aspect of the
development of nuclear propulsion, including full-sized prototypes of submarine nuclear
propulsion plants.

USS NAUTILUS, using the pressurized-water design, and USS SEAWOLF, using
the liquid-metal design, were built, tested, commissioned, and put to sea in 1955 and
1957, respectively. While SEAWOLF successfully operated at sea until her first
refueling, experience demonstrated that pressurized-water technology was preferable
for Naval applications. [t thus became the basis for all subsequent U.S. nuclear-
powered warship designs. In less than seven years, Captain Rickover obtained
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Congressional support to develop an industrial base in a new technology; pioneered
new materials; designed, built, and operated a prototype reactor; established a training
program; and took a nuclear-powered submarine to sea. The success and speed of this
development revolutionized naval warfare and has given America undersea and nuclear
propulsion superiority ever since.

/ ' . d ~ ~

Admiral Rickover Inspecting USS NAUTILUS (SSN 571)

For more than 34 years, Admiral Rickover headed the Naval Nuclear Propulsion
Program. Upon retirement in 1982, he left behind a tradition of technical excellence and
an organization staffed by experienced professionals dedicated to designing, building,
and operating Naval nuclear propulsion plants safely and in a manner that protects
people and the environment — legacies continued by his successors. The result is a
fleet of nuclear-powered warships unparalleled in capability and a mature, highly
disciplined infrastructure of government and private organizations that continue to build
on Admiral Rickover's legacy.

In the 1970s, Government restructuring moved the Naval Nuclear Propulsion
Program from the AEC (which was disestablished) to what became the Department of
Energy (DOE). In 2000, the Program became a part of the newly formed National
Nuclear Security Administration within the DOE. During these transitions, the Program
retained its dual agency responsibility and has maintained its basic organization,
responsibilities, and technical discipline much as when it was first established."

'For a more detailed history of the Naval Nuclear Propulsion Program, see Nuclear Navy, 1946-1962 by Richard
G. Hewlett and Francis Duncan, 1974, University of Chicago Press, and Rickover and _the Nuclear Navy: The
Discipline of Technology by Francis Duncan, 1990, Naval Institute Press. For more information on Admiral Rickover,
see Rickover: The Struggle for Excellence by Francis Duncan, 2001, Naval Institute Press.
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Technical and Management Philosophy

Naval nuclear propulsion plants must be militarily capable and reliable in combat, as
well as safe for the environment, the public, and those who operate and service them.

The Program has stayed at the forefront of technology to improve tactical speed,
' silencing, and reliability — characteristics that ensure a commanding edge in warfighting.
Naval nuclear propulsion plants are rugged enough to sustain battle shock and keep
operating; resilient enough to accommodate many years of frequent power changes;
and designed to be operated and maintained by a highly trained Navy crew, without on-
board scientists and engineers.

Laboratory Welding

The Program's small and relatively uncomplicated pressurized-water reactors are
inherently stable and can respond to operational transients without the need for
immediate operator action. Fission products are completely contained within high-
integrity fuel elements that can withstand high shock loading. The reactor is so
effectively shielded that a typical submarine propulsion plant operator receives less
radiation exposure from the reactor during a two-month submerged patrol than he would
receive from background radiation on shore in the same period.
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The Naval Nuclear Propulsion Program's success is based on strong central
technical leadership, thorough training, conservatism in design and operating practices,
and an understanding that in every aspect of the Program, excellence must be the
norm.? In addition, there is a recognition that individuals must accept responsibility for
their actions to maintain these standards. Admiral Rickover said it this way:

Responsibility is a unique concept: it can only reside and inhere in a
single individual. You may share it with others, but your portion is not
diminished. You may delegate it, but it is still with you. You may
disclaim it, but you cannot divest yourself of it. Even if you do not
recognize it or admit its presence, you cannot escape it. If responsibility
is rightfully yours, no evasion, or ignorance or passing the blame can
shift the burden to someone else. Unless you can point your finger at
the person who is responsible when something goes wrong, then you
have never had anyone really responsible.

The Ship's Control Party of USS SEAWOLF (SSN 21)

®For more on the Naval Nuclear Propulsion Program's technical and management philosophy, see
The Rickover Effect by Theodore Rockwell, 1992, Naval Institute Press.
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The Training Program

Over 113,000 Nuclear-Trained Sailors

From the inception of the Naval Nuclear Propulsion Program, Admiral Rickover
recognized that nuclear propulsion plant operators must know more than simply what to
do in any given situation, they must understand why. Thus, ever since the first crew of
USS NAUTILUS reported to the Bettis Atomic Power Laboratory for nuclear training in
July 1952, these Sailors have received in-depth technical training, both theoretical
training and actual watchstanding experience under instruction. This training has been
conducted at many different locations over the years, but the commitment to thorough,
detailed understanding of the basics of chemistry, physics, thermodynamics, and plant
characteristics has remained its foundation. Currently, the number of Sailors trained
and qualified as nuclear propulsion plant operators is over 113,000.

-«

Rickover Circle on the Campus of Naval Nuclear Power Training Command,
Charleston, South Carolina, Serves as the Site for the Nuclear Power Training Unit,
Charleston, Graduation Ceremony Marking 100,000 Nuclear-trained Sailors, June 1, 2000.

21




Thorough training minimizes problems, results in quick and efficient responses to
emergencies, and helps ensure safety. Prospective plant operators must meet tough
selection standards and successfully complete extensive nuclear propulsion training
and qualification before reporting to a ship.

After selection for the nuclear propulsion program and completion of basic recruit
training, enlisted personnel are assigned to Nuclear Field "A" School in Charleston,
South Carolina, for initial in-rate instruction. In addition to a preparatory course in
mathematics, each student receives extensive hands-on training in equipment
laboratories specially designed to teach required technical skills. The 24-week Nuclear
Power School follows, providing basic academic knowledge necessary to understand
the theory and operation of a nuclear propulsion plant. The curriculum is presented at
the first-year collegiate level and includes thermodynamics, reactor principles,
radiological fundamentals, and other specialized subjects.

Rickover Center, Naval Nuclear Power Training Command, Charleston, South Carolina

(The maintenance of high standards for the selection, training, and qualification of\
nuclear personnel is essential. Based on our observations, we conclude that the training of
nuclear propulsion plant operators is highly effective.

George E. Apostolakis
Chairman, Advisory Committee on Reactor Safeguards

k September 2002

/
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Your rigorous training is a shining example of the pursuit of excellence... This dedication to
intensive training...has made our Nuclear Navy the best in the world, bar none...

The Honorable John M. Spratt
U.S. Representative, South Carolina

May 2000
N R

For officers, all of whom are college graduates with technical training, the first step
is the 24-week graduate-level course at Nuclear Power School. Here, students receive
highly technical instruction covering the theoretical background necessary to commence
hands-on training on an operating reactor plant. Subjects include those taught in the
enlisted curriculum (but in greater depth) as well as additional courses such as electrical
engineering and reactor dynamics.

After Nuclear Power School, both officers and enlisted personnel are assigned to
one of the Program's prototype propulsion plants or Moored Training Ships for 24 weeks
of additional classroom training and actual watchstanding experience under instruction.
Each student qualifies as a propulsion plant operator, attaining extensive watchstanding
experience and a thorough knowledge of all propulsion plant systems and their
operating requirements. Under the guidance of experienced operator instructors,
students learn how to operate a Naval nuclear propulsion plant during normal and
potential casualty situations. Before reporting to a ship, they must qualify on their
watchstation on an operating reactor.

[N

Nuclear Power School Classroom
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Nuclear training onboard ship is every bit as demanding as the schools. Newly
reporting officers and enlisted personnel must completely requalify as watchstanders
and demonstrate their propulsion plant knowledge and operator ability at their new
assignment. Even after shipboard qualification, shipboard operators participate in on-
going Engineering Department training lectures, plant operational evolutions, and
extensive casualty drills.

Nuclear Field "A" School Microprocessor Lab

/ Since the days of Admiral Rickover, the men and women of the Nuclear Propulsion \
Program have been recognized around the world for their high standards of achievement
and performance, their commitment to professionalism, and their dedication to
accountability. Fifty years later, these qualities remain the standard of the Nuclear
Propulsion Program.
The Honorable Dirk Kempthorne
Governor of Idaho

\_ July 1998/
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Prototype Training

To advance and assume greater responsibility, operators and officers must continue
to demonstrate increasing proficiency and knowledge as they qualify and serve on more
demanding watchstations. Shore training facilities provide operators advanced training
in equipment repair and operation. All officers must qualify as Engineering Officer by
successfully completing a comprehensive examination administered by Headquarters.
Additionally, a rigorous advanced training program in nuclear propulsion plant
operations is conducted at Headquarters for prospective Commanding Officers. The

course must be successfully completed by any officer taking command of a nuclear-
powered ship.

25




Nuclear Power School Physics Lecture

Nuclear Field "A" School
Instrumentation & Control Lab

Training Is a Way of Life in the Nuclear Navy

Nuclear Power School Classroom

Nuclear Field "A® School Lube Oil Lab
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What It Means to Be a Sailor in the
Naval Nuclear Propulsion Program

One of the most rewarding jobs in today's military is that of a Sailor in the Naval
Nuclear Propulsion Program. Those accepted into this unique Naval Program will face
one of the most fulfilling and challenging career paths available. These individuals are
intelligent, responsible, and motivated - the Program will accept no less. Since
approximately forty percent of the U.S. Navy's combatants are nuclear-powered, there
are many opportunities available to those interested in joining this elite group.

Naval nuclear propulsion plant operators are carefully screened, selected, and
trained, and the standards of selection are high. To qualify for the Program, among
other requirements, applicants must have a high school diploma or college degree,
good academic scores, an interest in pursuing the challenge this highly technical field
offers, and the capacity and motivation to work hard.

The training within the Program is respected worldwide; in fact, the quality of this
training is recognized to an extent that many colleges give credit, up to 77 hours, for
Program training and experience. After completing initial training, operators continue to
gain experience and technical expertise in the many job opportunities onboard nuclear-
powered ships. These jobs include operating, maintaining, and repairing equipment;
component and system performance testing; standing watches to monitor propulsion
plant performance; and eventually supervising and instructing junior personnel in
propulsion plant operations.

A Nuclear-trained Petty Officer Inspecting Equipment in the
Machinery Spaces Aboard a Nuclear-powered Aircraft Carrier
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There are also many opportunities available to Sailors after they have completed
their initial sea tour, such as returning to Nuclear Power School or one of the shore-
based training facilities to teach new students, recruiting new Sailors to enter the
Program, or working ashore in other commands supporting the Program. Whatever
Sailors choose to do after their first sea tour, they can be assured that they will be highly
sought after because of their training, competence, and professionalism.

There are also monetary benefits in being a part of the Naval Nuclear Propulsion
Program. For example, those who are accepted in the Program can receive a generous
entry bonus of up to $10,000. After joining, Sailors typically advance rapidly and
receive more income as a result. Sailors in the Program also receive special duty pay
for their unique skills.

Obviously, the Naval Nuclear Propulsion Program requires mature and dedicated
people who are willing to work hard to achieve success. The Program ensures that
those who qualify have a firm understanding of science and technology, and the ability
and confidence to operate the most advanced nuclear propulsion plants in the world.
Sailors who choose this career develop into highly competent, talented, and
knowledgeable individuals, and in doing so provide an invaluable service to our country.
If you are interested in becoming a part of the Naval Nuclear Propulsion Program,

please contact your local Navy recruiter, call 1-800-USA-NAVY, or go to
www.navy.com.

R | IAINTENANCE v

A Sea-experienced Nuclear-trained Petty Officer Instructing
Several Students in Electrical Circuit Breaker Theory and Operation
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Description of a Typical
Naval Nuclear Propulsion Plant

In Naval nuclear propulsion plants, fissioning of uranium atoms in the reactor core
produces heat. Since the fission process also produces radiation, shielding is placed
around the reactor to protect the crew. During a submerged patrol, a typical crew
member receives less exposure to radiation than one who remains ashore and works in
an office building.

U.S. Naval nuclear propulsion plants use a pressurized-water reactor design which
has two basic systems: the primary system and the secondary system. The primary
system circulates ordinary water in an all-welded, closed loop consisting of the reactor
vessel, piping, pumps, and steam generators. The heat produced in the reactor core is
transferred to the water, which is kept under pressure to prevent boiling. The heated
water passes through the steam generators where it gives up its energy. The primary
water is then pumped back to the reactor to be heated again.
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Diagram of a Typical Naval Nuclear Propulsion Plant
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Inside the steam generators, the heat from the primary system is transferred across
a water-tight boundary to the water in the secondary system, also a closed loop. The
secondary water, which is at relatively low pressure, boils, creating steam. Isolation of
the secondary system from the primary system prevents water in the two systems from
intermixing, keeping radioactivity out of the secondary water.

In the secondary system, steam flows from the steam generators to drive the main
propulsion turbines, which turn the ship's propeller and the turbine generators, which
supply the ship with electricity. After passing through the turbines, the steam is
condensed back into water, and feed pumps return it to the steam generators for reuse.
Thus, the primary and secondary systems are separate, closed systems in which

constantly circulating water transforms energy produced by the nuclear reaction into
useful work.

There is no step in this process that requires the presence of air or oxygen. This,
combined with the ship's capability to produce oxygen and purified water from seawater,
enables the ship to operate completely independent of the earth's atmosphere for
extended periods of time. In fact, the length of a submerged submarine patrol is limited
primarily by the amount of food the ship can carry for the crew.

USS MAINE (SSBN 741) Underway
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| Protection of People

i The policy of the U.S. Naval Nuclear Propulsion Program is to reduce personnel
exposure to ionizing radiation associated with Naval nuclear propulsion plants to the
lowest level reasonably achievable. In carrying out this policy, the Program has
consistently maintained personnel radiation exposure standards more stringent than
those in the civilian nuclear power industry or in other Government nuclear programs.

No civilian or military personnel in the Naval Nuclear Propulsion Program have ever
exceeded the Federal lifetime radiation exposure limit or the Federal annual limit in
effect at the time. Since 1968, no personnel have exceeded five rem per year, which
was the Program's self-imposed limit until it became the Federal limit in 1994. Since
’ 1980, the average annual radiation exposure for nuclear-powered ship operators has

been less than one-sixth the average annual exposure a member of the American
f public receives from natural background radiation exposure. In recent years, the

average annual radiation exposure for operators has dropped to about one-eighth of the

average annual exposure a member of the American public receives from natural
‘ background radiation exposure. In 1987, the Yale University School of Medicine
conducted an independent study of approximately 76,000 personnel assigned to
submarine duty. In 1991, Johns Hopkins University conducted an independent study of
over 70,000 shipyard personnel assigned to work on nuclear-powered ships. Neither
study showed any cancer risks linked to radiation exposure.

| The principles of personal responsibility, technical knowledge, rigorous training, and
auditing have been applied to achieve the Program’s strong nuclear safety record.
These same principles are also applied to Occupational Safety, Health, and
} Occupational Medical (OSHOM) programs. Workers are provided comprehensive
: safety and health training, carefully engineered procedures, close supervision, and
. work-team backup. Inspection, oversight, and feedback mechanisms are designed to
provide continual improvement. The Program's injury and illness incidence rates and
! lost workdays rates are about one-third of these rates for general industry.

fln light of the September 11 terrorist acts, the use of nuclear-powered ships is now even more\
critical in defending our country. | am pleased that your program maintains a readiness while
) controlling risks and enhancing a culture of responsibility and performance.

Elaine L. Chao
Secretary of Labor

: K August 2002 /

Concern for the Environment

Long before protection of the environment became a prevalent endeavor, it was a
high priority in the Naval Nuclear Propulsion Program. From the beginning, the
Program recognized that the environmental aspects of U.S. nuclear-powered ships and
their operations would be key to their acceptance at home and abroad. The Program
maintains the same rigorous attitude toward the control of radioactivity and protection of
the environment as it does toward reactor design, testing, operation, and servicing. As
a result, the Program has a well-documented record which demonstrates the absence
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of any adverse environmental effect from the operation of nuclear-powered warships.
This record supports U.S. nuclear-powered ships being welcomed into over 150 ports in
over 50 foreign countries and dependencies, as well as U.S. ports.

Environmental releases, both airborne and waterborne, are strictly controlled. As a
result, the annual releases of long-lived gamma radioactivity from all Program activities
are comparable to the annual releases from a typical U.S. commercial nuclear reactor
operating in accordance with its NRC license. Through the entire history of the Program
— over 5,700 reactor years of operation and more than 134 million miles steamed on
nuclear power — there has never been a reactor accident, nor any release of
radioactivity that has had an adverse effect on human health or the quality of the
environment. The Program's standards and record surpass those of any other national
or international nuclear program.

The Program has a comprehensive environmental monitoring program at each of its
major installations and facilities, including nuclear-capable shipyards and the homeports
of nuclear-powered ships. This monitoring program consists of analyzing water,
sediment, air, and marine samples for radioactivity to verify that Program operations
have not had an adverse effect on the environment. Independent surveys conducted by
the EPA, State and local governments confirm that U.S. Naval nuclear-powered ships
and support facilities have had no discernible effect on the radioactivity of the
environment.

Environmental Monitoring at Puget Sound Naval Shipyard

K/n the field of nuclear energy, not only has Naval Nuclear Propulsion made a contribution to\
national security of incalculable value, but has done so with a level of sustained excellence
that is an outstanding example of Government serving its citizens. The Program’s record
of safety and environmental protection, started long before it was generally recognized how
important these things are, is simply without equal.

Vice President Al Gore
\ On the Program’s 50" Anniversary, August 1998/
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Ensuring proper environmental performance has also been a priority at Program
DOE facilities, which are responsible for non-nuclear as well as nuclear environmental
matters. Regular inspection of the Program's laboratory and prototype sites by the EPA
and state officials in accordance with the Clean Air Act, the Resource Conservation and
Recovery Act (RCRA), and the Clean Water Act, has shown no significant problems.

i The Program's stewardship of the environment does not end when a facility ceases

: operations. For example, the Program has successfully released three former

‘ shipyards for unrestricted future use with respect to Program radioactivity: Ingalls
Shipbuilding's radiological facilities in Pascagoula, Mississippi in 1982, and the former
Charleston and Mare Island Naval Shipyards in South Carolina and California in 1996.
These facilities’ unrestricted releases from Program radiological controls were
independently verified and agreed with by the respective states and the EPA. The
successful inactivation and closure of these radiological facilities demonstrates that the
stringent control exercised by the Program since its inception has been successful in
protecting human healith and the environment.

Finally, the Program exercises its environmental responsibilities from "cradle to
grave" — from nuclear-powered warship design to ultimate disposal. The U. S. Navy's
program to safely dispose of decommissioned nuclear-powered submarines and
cruisers is an example. It involves defueling the reactor(s), inactivating the ship,
removing the reactor compartment for land disposal, recycling the remainder of the
vessel to the maximum extent practical, and disposing of the remaining non-recyclable
‘ materials. The spent nuclear fuel removed from nuclear-powered warships constitutes
‘ about 0.05% of all spent nuclear fuel in the United States today. Also, it is ruggedly

designed to withstand combat conditions, and can be safely stored pending ultimate
| placement in a geologic repository. The Program has safely made over 769 container
shipments of Naval spent nuclear fuel since 1957 using specially designed, rugged
containers, such as the M-140 pictured below. To date, 108 nuclear-powered warships
have been recycled with 114 defueled reactor compartments sent to the Department of
Energy's Hanford Site, as shown on the next page.

M-140 Shipping Container Mounted on Railcar
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's Hanford Site, November 2004

Defueled Naval Reactor Compartments at the Department of Energy
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Naval Nuclear Propulsion Program
Emergency Preparedness

U.S. nuclear-powered warships are designed to the most exacting and rigorous
standards. They are built to survive wartime attack, include redundant systems, and are
r operated by highly trained crews using rigorously applied procedures. These features
' enhance safety just as they contribute to the ability of the ship to survive attack in time

of war.

Naval reactors are designed and operated in a manner that is protective of the
crew, the public, and the environment. It is important to note that the crew lives in very
close proximity to the reactor and is dependent on the energy generated by the reactor
for air, water, heat, and prooulsion. Thus, it is imperative to both the Navy and the crew
that the reactor be well designed and safely operated. An equally important part of
ensuring safety is developing, exercising, and evaluating the ability to respond to any
emergency in the highly unlikely event one does occur.

Planning for emergencies is based on extensive Naval Nuclear Propulsion Program
technical analysis, as well as recommendations and guidance provided by numerous
agencies experienced in emergency planning, including the Department of Homeland
Security (Federal Emergency Management Agency), the Navy, the Department of
Energy, the Nuclear Regulatory Commission, the Environmental Protection Agency, the
National Council on Radiation Protection and Measurements, and the International
Atomic Energy Agency. Emergency planning for the public is based on the above
guidance, as well as specific planning requirements of local civil authorities.

All Naval Nuclear Propulsion Program activities, both shipboard and ashore, have
plans in place that define Naval Nuclear Propulsion Program responses to a wide range
of emergency situations. These plans are regularly exercised to ensure that proficiency
is maintained. These exercises consistently demonstrate that Naval Nuclear Propulsion
Program personnel are weli prepared to respond to emergencies regardless of location.
Actions are taken to continually evaluate and improve emergency preparedness at all
Naval Nuclear Propulsion Program activities.

If there ever were a radiological emergency, civil authorities would be promptly
notified and kept fully informed of the situation. With the support of Naval Nuclear
Propulsion Program personnel, local civil authorities would determine appropriate public
actions, if any, and communicate this information via their normal emergency
communication methods.

/The Commission recognizes that since the NAUTILUS first signaled 'Underway on Nuc/ear\
Power' 50 years ago, nuclear-powered warships have steamed many millions of miles and
have accumulated thousands of reactor-years of operation without a nuclear accident or any
adverse radiological impact on the quality of the environment..
Nils J. Diaz
Chairman, Nuclear Regulatory Commission

\ September 2004 j
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Due to the unique design and operating conditions of U.S. nuclear-powered ships,
civii emergency response plans that are sufficient for protecting the public from
industrial and natural events (for example, chemical spills or earthquakes) are also
sufficient to protect the public in the highly unlikely event of an emergency onboard a
nuclear-powered ship or at a Naval Nuclear Propulsion Program facility.

Members of the public who live in the vicinity of nuclear-powered ships or support
facilities can be confident that in the event of an emergency, extensive resources are
readily available to quickly respond to the situation.

Sailors and Emergency Response Personnel Work Together During an
Emergency Preparedness Exercise at Naval Submarine Base, Groton, Connecticut
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Naval Nuclear Propulsion Program Accomplishments

In addition to the military applications of nuclear power, technology developed by
, the Naval Nuclear Propulsion Program is the basis for civilian nuclear power around the
;. world. Significant contributions include:

e The uranium-dioxide fuel system — now the most widely used system in nuclear
power,;

e The design for large pressurized-water reactor components and the cladding for
| large pressure vessels;

¢ Containment concepts and refueling techniques for power reactors;

o A system for preventing damage to a reactor core even if failures occur in the
cooling system;

¢ The first successful method of radioactive decontamination of reactor plants;

e Zirconium, zirconium alloys, and hafnium materials for cladding and reactor control
use;

e Numerous computer programs widely used for design safety, research, and testing;
) ¢ The first chemical cleaning process for nuclear plant steam generators;

e Ultrasonic inspection methods for evaluating the material status of the reactor vessel
and major components;

o Nuclear fabrication standards, quality control requirements, and equipment
specifications;

e Development and publication of the CHART OF THE NUCLIDES, used world-wide
for nuclear research and development work;

¢ Increased performance of direct heat energy conversion technology; and

o Extensive use of solid-state electronics for instrumentation, control, and power
distribution.

: The Program also shares with industry information from its research in a variety of
, areas, including: corrosion and wear technology for components operating in high-
i temperature, high-pressure water; pressurized-water reactor heat transfer and fluid flow
technology; methods for predicting performance of reactors in accident scenarios; and
numerical analyses of reactor designs using digital computers. This has resulted in
over 5,000 technical reports which have been made available to industry and the public.

Perhaps the most important contribution to the civilian sector is the thousands of

highly trained Program graduates who now play key roles in the operation and
management of civilian nuclear power reactors.
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The Future

The Naval Nuclear Propulsion Program continues to advance reactor technology
while exploring new energy conversion and reactor concepts that even better serve the
fleet.

Field Emission Gun Scanning Electron Microscopy

Program research seeks to make nuclear propulsion quieter, extend the life and
efficiency of the nuclear core, further simplify operation of the reactor plant, reduce the
already low life-cycle maintenance costs, and design propulsion plants with increased
power output without increasing their size or cost.

Material Development
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CVN 21

The follow-on design to the NIMITZ Class nuclear-powered aircraft carrier, CVN 21
will incorporate immediate warfighting benefits, reduce total ownership cost, and provide
flexibility for future upgrades. Naval Reactors is directly contributing through
development of a new propulsion plant with increased core energy and nearly three
times the electric plant generating capacity of a NIMITZ Class aircraft carrier. This
dramatic increase in electrical generating and distribution capacity will enable
transformational warfighting technologies such as the Electromagnetic Aircraft
Launching System, Unmanned Aerial Vehicles, and high-energy weapons, as well as
removal of all steam auxiliaries and services, which are manpower and maintenance
intensive. By eliminating these steam lines throughout the ship, battle damage
survivability will be improved while reducing manning and maintenance costs. The new
reactor plant design will also simplify systems throughout the plant, dramatically
reducing the number of valves, pumps, and the amount of electrical cabling.  This
simpler design will reduce the reactor department manning by 50 percent and reduce
propulsion plant life-cycle costs by over 20 percent.

USS JOHN C. STENNIS (CVN 74) is Shown Here Executing a High-speed Turn.
CVN 21 Will Have Improved Warfighting Capabilities Over NIMITZ Class Aircraft Carriers.
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The First Naval Nuclear Propulsion Plants
The First Prototype (S1W)

December 1948 The AEC contracts with Westinghouse to design, build, operate,
and test a prototype pressurized-water, Naval nuclear propulsion plant (known
alternatively as Submarine Thermal Reactor, Mark 1, or simply S1W).

1950-1953 S1W is constructed at the AEC's National Reactor Testing Station (now
DOE's Idaho National Laboratory) inside a submarine hull surrounded by a 300,000-
gallon tank of water simulating the ocean.

S1W Prototype with Water Tank to Simulate the Ocean Environment

March 30, 1953 S1W reaches criticality at 11:17 p.m., making the first significant
quantities of useful nuclear power in the world.

June 25, 1953 S1W achieves full design power and commences a successful 96-
hour sustained full-power run, simulating a submerged crossing of the Atlantic Ocean.

Late 1955 Following nearly two years of continuous operation and testing and a
refueling, S1TW completes a 66-day continuous full-power run - this could have
propelled a submarine at high speed twice around the globe.

October 1989 DOE permanently shuts down S1W after 36 years of successful
operation. The last 22 years of operation were performed using the same reactor core,
setting a longevity record. Over 13,000 Navy officer and enlisted operators trained at
S1W.
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USS NAUTILUS (SSN 571)

With the endurance and stealth only nuclear propulsion could provide, NAUTILUS
revolutionized undersea warfare by becoming the world's first true submarine, limited
only by the amount of supplies she could carry.

August 1949 The CNO establishes a January 1955 "ready-for-sea" date for
development of a submarine nuclear propulsion plant.

August 1950 President Harry S Truman signs Public Law 674, authorizing
construction of NAUTILUS.

August 1951 Electric Boat begins construction of the first nuclear-powered
submarine.

June 14, 1952 President Truman lays the keel of NAUTILUS.
September 30, 1954 NAUTILUS is commissioned in Groton, CT.

January 17, 1955 Under the command of CDR Eugene P. Wilkinson, USS
NAUTILUS puts to sea for the first time — less than four years after construction began -
signaling her historic message, "Underway on nuclear power."

February 1955 NAUTILUS steams 1,300 submerged miles from New London,
Connecticut, to San Juan, Puerto Rico in 84 hours - ten times farther than previously
traveled by a submerged submarine. This is the first time that a submarine maintains a
high speed (about 16 knots average) for longer than an hour.

1957 NAUTILUS is refueled after steaming over 62,000 miles on her first core. The
ship was fully submerged for more than half the distance.

August 3, 1958 NAUTILUS, during an 1,800-mile, 96-hour historic trans-Polar
voyage from Point Barrow, Alaska to the Greenland Sea, becomes the first ship to
reach the geographic North Pole. For demonstrating the Arctic's strategic potential,
President Eisenhower awards NAUTILUS the Presidential Unit Citation (the first such
award in peacetime) and her commanding officer, CDR William R. Anderson, the Legion
of Merit.

1960 NAUTILUS deploys to the Mediterranean and becomes the first nuclear-
powered submarine assigned to the Sixth Fleet.

1960-1979 NAUTILUS participates in numerous defense missions, including the
Naval quarantine on all offensive military equipment under shipment to Cuba during the
1962 Cuban missile crisis, and demonstrates U.S. technical capability through high-
visibility visits to numerous foreign ports in the Atlantic and Mediterranean.
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USS NAUTILUS Pierside at the Submarine Force Library and Museum in Groton, Connecticut, during
a Ceremony Commemorating the 50" Anniversary of Her Commissioning, September 30, 2004

NAUTILUS DATA
Length — 320 feet
Beam - 28 feet

Displacement — Surfaced: 3,533 tons; Submerged: 4,092 tons
April 1979 NAUTILUS departs Groton, Connecticut, en route to California, for her
final voyage. Completes her 2,500th dive and 510,000 miles on nuclear power.
May 1979 NAUTILUS enters Mare Island Naval Shipyard for inactivation and

conversion as a historic ship for public display. Following this, NAUTILUS leaves
California under tow for the Naval Submarine Base in Groton.
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Today NAUTILUS is currently a National Historic Landmark, open to the public as
part of the NAUTILUS Memorial and Submarine Force Library and Museum, Groton,
Connecticut. (For additional information, write to Box 571, NAVSUBASE, Groton, CT
06349-5000, or view the NAUTILUS Museum website at http:/ussnautilus.org).

NAUTILUS Memorial and Submarine Force Library and Museum, Groton, Connecticut
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USS SEAWOLF (SSN 575) Outbound in San Francisco Bay

USS SEAWOLF (SSN 575)

April 1950 General Electric begins design work on a liquid-sodium Naval nuclear
propulsion plant as an alternative to pressurized water for a second nuclear-powered
submarine - USS SEAWOLF.

September 1953 SEAWOLF's keel is laid at Electric Boat.
June 1956 The ship's reactor reaches criticality.

October 1958 While operating as an active unit of the Atlantic Fleet, SEAWOLF
completes a record-breaking 60-day submerged run, traveling over 13,000 miles.

December 1958 Although operating satisfactorily for almost two years,
SEAWOLF's sodium-cooled plant is significantly less attractive for Naval warships than
pressurized-water alternatives. Therefore, the SEAWOLF plant is replaced with a
pressurized-water plant (S2W) similar to that installed in NAUTILUS. SEAWOLF's
sodium plant had steamed over 71,000 miles, fully submerged for over three-quarters of
this distance.

March 1987 SEAWOLF is decommissioned after 30 years of operation and over
473,000 miles steamed on nuclear power.
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Classes of Nuclear-powered Ships

Submarines

Early SSNs With the success of NAUTILUS, the Navy launched a series of attack
submarine classes (SKATE, SKIPJACK, and PERMIT) which introduced different
warfighting and design features.

USS SHARK (SSN 591) on Sea Trials

USS SHARK (SSN 591) DATA
(SKIPJACK Class)

Length — 249 feet
Beam - 32 feet

Displacement — Surfaced: 3,075 tons; Submerged: 3,500 tons
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Fleet Ballistic Missile (FBM) Submarines With NAUTILUS still in operational
testing, the Navy began developing a submarine ballistic missile system, which it
; brought from inception to deployment in five years. In the first Class of FBMs
(GEORGE WASHINGTON), the Navy extended SSN hulls to add a missile
! compartment amidships. [n the 1960s, subsequent FBM Classes (ETHAN ALLEN,
LAFAYETTE, JAMES MADISON, and BENJAMIN FRANKLIN) were designed from the
keel up as missile submarines. Each carried 16 POLARIS missiles, but were later back-
fitted with the more powerful and accurate POSEIDON missile. All submarines of these
’ classes have now been retired from strategic service and replaced by the more
advanced TRIDENT ballistic missile submarines.

USS ALEXANDER HAMILTON (SSBN 617)

USS ALEXANDER HAMILTON (SSBN 617) DATA
(LAFAYETTE Class)

Length — 425 feet
Beam — 33 feet

Displacement — Surfaced: 7,250 tons; Submerged: 8,250 tons
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USS HAMMERHEAD (SSN 663)

USS HAMMERHEAD (SSN 663) DATA
(STURGEON Class)

Length — 292 feet
Beam - 32 feet

Displacement — Surfaced: 4,250 tons; Submerged: 4,780 tons

STURGEON Class After deployment of PERMIT Class submarines, the Navy
began building STURGEON (SSN 637) Class submarines, which combined the most
advantageous warfighting elements of the early SSN classes. With well-tested, quiet,
and dependable propulsion plants, the thirty-seven STURGEON Class submarines
were the mainstay of our nuclear fleet into the 1980s.

Single-ship Designs The Navy built several single-ship class submarines -
USS TRITON (SSN 586), USS HALIBUT (SSN 587), USS TULLIBEE (SSN 597),
USS NARWHAL (SSN 671), and USS GLENARD P. LIPSCOMB (SSN 685) — each to
explore alternate propulsion plant concepts (for example, turbine electric drive and
different reactor and propulsion turbine designs). Technology developed in these efforts
became the basis for later classes.
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LOS ANGELES Class With a high-power propulsion plant, advanced sonar, and

improved torpedo fire control systems, LOS ANGELES (SSN 688) Class submarines

i provide high-speed escort, anti-submarine and anti-surface warfare roles with a

minimum underwater noise signature. Beginning with USS SAN JUAN (SSN 751),

LOS ANGELES Class submarines incorporate technological advances, including cruise

missile vertical launch capability, a new combat system, and retractable bow planes.

Additionally, these later boats do not need to be refueled over the entire life of the ship.

The LOS ANGELES Class currently comprises more than 90 percent of our fast attack
boats.

- —— -

USS ALBANY (SSN 753)

USS ALBANY (SSN 753) DATA
(LOS ANGELES Class)

Length — 362 feet
Beam - 33 feet

Displacement — Surfaced: 6,000 tons; Submerged: 6,927 tons
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USS PENNSYLVANIA (SSBN 735)

USS PENNSYLVANIA (SSBN 735) DATA
(OHIO Class)

Length — 560 feet
Beam - 42 feet

Displacement — Surfaced: 16,600 tons; Submerged. 18,700 tons

TRIDENT Ballistic Missile Submarines Virtually undetectable in the open ocean,
TRIDENT submarines are quieter, better equipped, and have greater missile range than
their predecessors. With an advanced-design, long-life reactor plant, and a unique,
comprehensive program to ensure equipment reliability and material availability,
TRIDENTs operate for long periods between servicings. TRIDENT's size
(approximately 560 feet in length) provides room to incorporate future modifications and
technological developments. Large hatches and a carefully planned equipment
arrangement facilitate component servicing and replacement. This class comprises 14
ships.

Guided Missile Submarines Four ballistic missile submarines are being converted
into guided missile submarines (SSGNs). Each SSGN will be able to covertly enter a
battle space carrying unconventional payloads and up to 154 guided missiles, plus a
large number of Special Operations Forces personnel. This will provide battlefield
commanders with more surprise strike options, clandestine information gathering
methods, and communication pathways.
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SEAWOLF Class The SEAWOLF (SSN 21) Class goes faster, dives deeper and
carries significantly more weapons than its predecessors. Technology developed for
SEAWOLF enabling a high power-density propulsion plant, which can operate quietly
over the ship's entire speed range, is being applied to future generations of nuclear-
powered warships.

The newest and last of the SEAWOLF Class, USS JIMMY CARTER (SSN 23) has
the same capabilities of her sister ships in addition to a unique, 100-foot, multi-mission
platform (MMP). The MMP provides unprecedented payload access to the ocean,
offering more flexibility and capability than conventional torpedo or vertical launch tubes
in the shape or size of weapons, auxiliary vehicles, and sensors.

USS SEAWOLF (SSN 21)

USS SEAWOLF (SSN 21) DATA
(SEAWOLF Class)

Length — 353 feet (453 feet for SSN 23)
Beam - 40 feet

Displacement - Surfaced: 7,460 tons (10,860 tons for SSN 23);
Submerged: 9,150 tons (12,150 tons for SSN 23)
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/VIRGINIA 's multi-mission capability is in high demand by the combatant commanders, is key

to our Undersea Superiority Joint Integrating Concept and will greatly influence ongoing
capabilities-based assessments.

General Richard B. Myers

Chairman, Joint Chiefs of Staff

September 2004

N

VIRGINIA Class USS VIRGINIA (SSN 774), the lead ship of this planned 30-ship
class, was commissioned on October 23, 2004. VIRGINIA's delivery to the Navy in
October 2004 met the schedule established by the original Acquisition Program
Baseline over a decade ago. TEXAS (SSN 775), HAWAIl (SSN 776), NORTH
CAROLINA (SSN 777), NEW HAMPSHIRE (SSN 778), and NEW MEXICO (SSN 779),
as well as seventh and eighth ships, yet to be named, are also currently under
construction.

The VIRGINIA (SSN 774) Class is designed to excel in near-land (‘littoral”)
operations while maintaining the U.S. Navy's superiority in “blue water” operations. By
leveraging the technology successfully developed for the SEAWOLF program, the
VIRGINIA Class will be as quiet and stealthy as the SEAWOLF Class. The VIRGINIA
Class will have a reconfigurable torpedo room which can be optimized for a variety of
missions, including anti-submarine warfare, strike with Tomahawk missiles, and Special
Forces delivery. Technological advances have allowed significant improvements in
mine detection and avoidance, sensors and surveillance, and communications.

First Lady Laura Bush at TEXAS Keel Laying Ceremony, July 12, 2002

USS VIRGINIA (SSN 774) DATA
(VIRGINIA Class)

Length - 377 feet
Beam - 34 feet

Displacement — Surfaced: 6,970 tons; Submerged: 7,800 tons
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Aircraft Carriers

The First Aircraft Carrier Prototype Built at the National Reactor Testing Station

in southeastern |daho, the A1W prototype plant consisted of two reactors and

associated steam plant equipment necessary to drive one shaft of an aircraft carrier.

; A1W first operated at full power on September 15, 1959. The A1W prototype plant was

, permanently shut down on January 26, 1994, after more than 34 years of successful
operations. Over 14,500 Navy officers and enlisted operators trained at ATW.

E USS ENTERPRISE (CVN 65)

USS ENTERPRISE (CVN 65) DATA
Length — 1,123 feet
Overall Width — 257 feet

Combat Load Displacement — 93,000 tons

USS ENTERPRISE The world's first nuclear-powered aircraft carrier,
USS ENTERPRISE put to sea in 1961 with eight reactors capable of propelling
‘ ENTERPRISE at speeds in excess of 30 knots. The original cores lasted three years;
. current ENTERPRISE cores have a life of nearly 20 years. ENTERPRISE is as tall as a
23-story building (keel to mast top), has four and a half acres of flight deck, and carries
a crew (including her air wing) of over 5,000 personnel.
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USS ABRAHAM LINCOLN (CVN 72) Northbound in the Arabian Sea

USS ABRAHAM LINCOLN (CVN 72) DATA
(NIMITZ Class)

Length — 1,092 feet
Overall Width - 257 feet

Combat Load Displacement — 97,500 tons

NIMITZ Class Success with USS ENTERPRISE led to the larger NIMITZ (CVN 68)
Class aircraft carrier. A NIMITZ Class aircraft carrier's two reactors produce more
power than ENTERPRISE's eight. She can store 50 percent more ammunition, can
carry almost twice as much aviation fuel as the largest conventionally powered aircraft
carrier, and can go over 20 years without refueling, thereby requiring only one refueling
in the life of the ship. A NIMITZ Class aircraft carrier is over 18 stories tall and carries a
crew (including her air wing) of over 5,500 personnel.
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Cruisers

Beginning with the 17,000-ton USS LONG BEACH (CGN 9) and the 9,600-ton USS
BAINBRIDGE (CGN 25), the Navy built several types of nuclear-powered cruisers.
Nuclear power and multi-mission capability (anti-air, anti-surface, and anti-submarine)
made these cruisers some of the most versatile ships afloat and an effective component
of the Navy's Cold War force. Having proudly served, nuclear-powered cruisers have
been removed from service as part of the post-Cold War downsizing of the fleet.

USS SOUTH CAROLINA (CGN 37) Underway in the Indian Ocean

USS SOUTH CAROLINA (CGN 37) DATA
(CALIFORNIA Class)

Length — 596 feet
Beam - 61 feet

Displacement — 11,320 tons
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Operations

Today, U. S. Navy ships and their dedicated crews are forward-deployed around the
globe, protecting the interests of the U. S. and its allies. Their forward presence
provides the Nation with the cornerstone on which to build peacetime engagement,
deterrence and crisis prevention, and conflict resolution. Sustaining and effectively
utilizing this forward presence requires agility, mobility, flexibility, and technology. Time
and again nuclear power proves itself as the power plant technology for fast response,
self-sufficiency, and endurance.

Specific details of Naval nuclear-powered warship operations are classified. They
cover a wide variety of activities, including thousands of ballistic missile submarine
deterrent patrols; offensive and defensive exercises with other U. S. Navy and Allied
units; intelligence gathering; amphibious support; escort service; special forces support;
and acting as key elements in task force deployments to trouble spots around the world.
The following examples are a matter of public record, and illustrate the versatility and
endurance of nuclear-powered warships.

On July 31, 1964, USS ENTERPRISE (CVN 65), USS LONG BEACH (CGN 9), and
USS BAINBRIDGE (CGN 25) departed the Mediterranean for a 65-day, 30,000-mile
around-the-world cruise, which was carried out completely free from refueling or logistic
support. The three ships, traveling under all kinds of weather conditions, made the
5,115-mile transit from Australia to Cape Horn at an average speed of better than
25 knots.

In August 1990 Iraq invaded Kuwait, resulting in an unprecedented military buildup
in the Persian Gulf region to support Operation Desert Shield. Within days of the Iraqi
invasion, the USS DWIGHT D. EISENHOWER (CVN 69) battle group transited the

USS ENTERPRISE (CVN 65), USS LONG BEACH (CGN 9), and
USS BAINBRIDGE (CGN 25) Underway as Part of Operation Sea Orbit
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Suez Canal from the Mediterranean to the Red Sea, representing some of the first U. S.
military assets to arrive on the scene. Over a dozen U. S. attack submarines conducted
surveillance, reconnaissance, and other missions before and during the hostilities. As
Desert Shield became Desert Storm, at least two submarines and two nuclear-powered
cruisers launched Tomazahawk cruise missiles against iraq, and warplanes from
USS THEODORE ROOSEVELT (CVN 71) participated in the air attack on Iraq.

During the subsequent monitoring of Iraq in 1998, increased military presence
required nuclear-powered aircraft carrier USS JOHN C. STENNIS (CVN 74) to sprint
from Virginia to the Persian Guif (over 8,000 nautical miles) in 303 hours, arriving only 6
hours after her gas-turbine powered battle group escorts who left Virginia 4 days before
her.

As tensions in the Persian Guif fluctuated in the 1990s, aircraft carriers and
submarines responded to add strength to our diplomacy and monitor military activities.

In March 1996, the USS NIMITZ (CVN 68) battle group was ordered from the
Persian Gulf to the Taiwan Straits in response to heightened tension between China
and Taiwan. Nuclear power allowed NIMITZ to remain on station in the Persian Gulf
with one fossil-fueled escort, while the rest of the battle group began the transit toward
East Asian waters. Five days later, NIMITZ departed the Gulf and, while enroute,
refueled her escort and conducted proficiency flight operations prior to overtaking the
rest of her battle group as they entered the Taiwan Straits. Several SSNs were already
on station, helping to face down the crisis. Rapidly following the arrival of NIMITZ,
China's maneuvers toward Taiwan ceased.

The Global War on Terrorism has again showcased the speed, independence from
refueling supply chains, and on-station endurance of America’s nuclear-powered
warships. On September 11, 2001, the nuclear-powered aircraft carrier
USS ENTERPRISE was on her way home from a six-month deployment when she
learned of the deadly terrorist attacks on the U. S. via satellte TV. Even before
receiving orders, ENTERPRISE executed a right full rudder order and was within

USS NIMITZ (CVN 68), Guided Missile Cruiser USS PORT ROYAL (CG 73),
and USS ANNAPOLIS (SSN 760) in the North Persian Gulf
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striking distance of Afghanistan within eleven hours. The nuclear-powered aircraft
carriers USS GEORGE WASHINGTON (CVN 73) and USS JOHN C. STENNIS quickly
led battle groups to provide protection for both coasts of America. The USS CARL
VINSON (CVN 70) and USS THEODORE ROOSEVELT aircraft carrier battie groups
helped take the fight to the enemy, with nuclear-powered attack submarines assisting.
Over the first several months of Operation ENDURING FREEDOM, over 70 percent of
all precision strike missions flown into landlocked Afghanistan were launched from Navy
nuclear-powered aircraft carriers, and about one-third of all Tomahawk precision missile
strikes were launched from nuclear-powered submarines.

On March 19, 2003, USS CHEYENNE (SSN 773) began the second chapter in the
Global War on Terrorism, Operation IRAQI FREEDOM, by launching Tomahawk
missiles against the brutal regime of Saddam Hussein. When over 70 percent of the
fleet surged to the theater, they arrived to a well-prepared battlespace based on
intelligence and surveillance gathered by submarines, such as USS PITTSBURGH
(SSN 720), and others that had been on station weeks and months before the first
missiles were fired. At the end of major combat operations, nuclear-powered
submarines accounted for about one-third of the more than 800 Tomahawk missiles
launched against Saddam Hussein's regime, and nearly 8,000 combat and support
sorties had been flown from aircraft carriers.

USS ABRAHAM LINCOLN (CVN 72) exemplified the endurance provided by
nuclear propulsion with her 290-day deployment in support of Operations ENDURING
FREEDOM, SOUTHERN WATCH, and IRAQI FREEDOM, in which she steamed over
100,000 miles on nuclear power. Her nearly 10-month deployment was the longest
aircraft carrier deployment in 30 years. Today, nuclear-powered warships continue to
bring their unique mix of capabilities to the Global War on Terrorism.

The versatility of NIMITZ Class aircraft carriers was demonstrated when ABRAHAM
LINCOLN responded to the tsunami crisis in 2004, just days after being tasked, and
when USS HARRY S TRUMAN (CVN 75) provided humanitarian assistance to the Gulf
coast after Hurricane Katrina. Once on station, carriers provided much-needed
supplies, including pure drinking water produced by nuclear power.

USS THEODORE ROOSEVELT (CVN 71)
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f We marvel at the unparalleled stealth, speed and endurance of our Nation's submarine\
force. These ships, along with nuclear-powered aircraft carriers, provide our Nation with the
strategic deterrence, forward presence, and capability for rapid responses to crises. To be
sure, the contributions of the nuclear navy to the ongoing Global War on Terror are
indisputable.
U.S. Representative Duncan Hunter
Chairman, House Armed Services Committee

September 2004/

o

Arctic Operations

The Arctic Ocean is an important region from both a strategic and scientific
standpoint. Strategically, the Arctic ice can be used as cover to approach the shores of
bordering nations, including our own. Scientifically, Arctic ice and water holds
information that can be used to better understand the world's ever changing
environment.

At the same time, the Arctic is one of the most challenging environments on the
planet; perhaps nowhere else is the tactical flexibility provided by nuclear power more
evident than in under-ice operations. A submarine operating under the ice must
maneuver carefully, using special sonar equipment to avoid shifting ice packs, and keep
track of clearances, not only below the ship, because the Arctic Ocean is quite shallow
in many places, but above the ship as well, where thick ice extends downward. In
addition, under-ice operations prevent submarine crews from relying on navigation
satellites, commonly used in open waters to keep track of position, requiring instead the
use of shipboard inertial navigation systems and computers which must be constantly
updated through calculations based on the movement of the ship. Communication, if
necessary in the Arctic, requires a submarine to locate an area of thin ice and then
carefully break through to the surface.
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USS RAY (SSN 653), USS HAWKBILL (SSN 666), and
USS ARCHERFISH (SSN 678) Surfaced at the
Geographic North Pole, May 6, 1986
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The first U.S. submarine Arctic operations were conducted in 1946 when the diesel-
powered submarine, USS ATULE (SS 403), conducted a brief excursion under the ice,
limited by the need to recharge her batteries. In 1957, USS NAUTILUS (SSN 571)
became the first nuclear-powered submarine to operate under the ice, and in 1958
she conducted the first submerged transpolar crossing, reaching the geographic North
Pole on August 3, 1958. In 1959, USS SKATE (SSN 578) became the first ship
to surface atthe North Pole. In subsequent years, many U. S. nuclear-powered
submarines have operated under, and surfaced through, the polar ice cap. In 2002,
USS CONNECTICUT (SSN 22) became the first SEAWOLF Class submarine to surface
from under Arctic ice.

While conducting operations in the Arctic, U. S. submarines often collect data and
samples for scientists to study. Occasionally, scientists embark on the submarines to
carry out more sophisticated tests and experiments. In the spring of 1999,
USS HAWKBILL (SSN 666) conducted an extensive mission to the Arctic to support
numerous scientific studies and mapping. This mission successfully concluded a series
of five Arctic expeditions conducted as a joint venture between the Navy and the
National Science Foundation. As these trips under the polar ice demonstrate, nuclear
power has significantly augmented our ability to explore the far reaches of our planet.

USS CONNECTICUT (SSN 22) Surfaced during ICEX 2003
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Program Locations

As seen on the map below, Naval Nuclear Propulsion Program activities can be
found throughout the United States. From the Portsmouth Naval Shipyard at Kittery,
Maine to the submarine base at Pearl Harbor, Hawaii; from the training center at
Charleston, South Carolina to the TRIDENT base at Bangor, Washington, Program
interests criss-cross the nation. With submarines based in Guam and U.S. nuclear-
powered vessels welcome in numerous ports throughout the world, the Navy's Nuclear
Propulsion Program is truly global in scope.
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Special Projects

Shippingport

Because of the Program’'s successful work with power reactors, President
Eisenhower assigned the Program responsibility for developing the Shippingport Atomic
Power Station — the world’s first full-scale atomic power plant solely for the production
of electricity. Operated by the Duquesne Light Company, Shippingport’s pressurized
water reactor (PWR) design and original cores became prototypes for the majority of
commercial nuclear power stations. Other Shippingport achievements include:

@® Providing power to Duquesne Light Company customers from 1957-1974 with PWR
design cores.

@ Available for operation about 65 percent of its life — higher than most other
commercial plants at the time — despite numerous planned shutdowns for research
and development purposes.

@ First safeguards report for a nuclear power station.

Shippingport Atomic Power Station
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Light Water Breeder Reactor (LWBR)

In the early 1960s, the AEC focused research and development efforts on liquid-

metal breeder reactors which would generate more fissionable material than they would
consume while producing power. Conventional wisdom was that breeding would not be
possible in a PWR plant. The Program's successful development of a Light Water
Breeder Reactor (LWBR) core at Shippingport dispelled that notion:

In 1965, LWBR development began with uranium-233 as the "fissile" material, and
thorium the "fertile" material. Successful use of thorium, a plentiful resource, would
provide a source of energy many times greater than the known fossil fuel reserves.

In 1977, the LWBR commenced operation at Shippingport, generating electricity for
Duquesne Light Company for five years.

The LWBR core was very reliable, achieving a level of on-line operation similar to its
PWR predecessor.

Extensive end-of-life {esting confirmed that LWBR had operated as designed. In
fact, breeding occurred at a rate higher than predicted. Core material performance
was excellent.

LWBR technical reports were made available to the commercial nuclear power
industry.

The Naval Nuclear Propulsion Program retained responsibility for Shippingport

through end-of-life testing and defueling. In 1989, the Department of Energy
decommissioned Shippingport, removing all radioactive components and returning the
} site to greenfield conditions.

Shippingport Site Today
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NR-1

In 1965, the Program began development of a nuclear-powered deep-submergence
research and ocean engineering vehicle, designated NR-1. The capability of this
manned vehicle was far greater than any other research vessel planned or developed at
that time because of the vastly increased endurance and independence from surface
support made possible by nuclear power. Launched at Electric Boat, Groton in January
1969, NR-1 provides valuable service to the Navy, other U.S. Government agencies,
and research and educational institutions. In addition to its small nuclear propulsion
plant which provides virtually limitless submerged endurance, NR-1's characteristics
include:

A 400-ton submerged displacement, 150-foot length, and 12-foot diameter,
Approximately 4-knot speed, two external electric motors,

A 3,000-foot operating depth,

Retractable bottoming wheels,

Viewing ports, exterior lighting, and color television and still cameras for
photographic studies, and

e An object recovery claw and manipulator with gripping and cutting capability.
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NR-1 is equipped with sophisticated electronics and computers to aid her navigation,
communications, and object location and identification. She can maneuver or hold a
steady position on or close to the seabed or underwater ridges to detect and identify
objects at a considerable distance and to lift objects off the ocean floor.

NR-1 carries a crew of five to ten specially-trained Navy volunteers and two
scientists. Able to remain submerged and move at maximum speed for extended
periods of time, she performs detailed studies and mapping of the ocean bottom,
including temperature, currents, and other oceanographic data for military and scientific
uses.

The unique capabilities of NR-1 put it in high demand in both the military and
scientific communities. NR-1 can remain submerged for up to one month, allowing it to
survey large areas even in inclement weather. The following are a few of NR-1's past
scientific missions:

¢ Participating in the search, identification, and recovery of critical parts of the space
shuttle CHALLENGER and Egypt Air Flight 990 wreckages;

o Exploring wreckage of RMS BRITANNIC (SS TITANIC's sister ship), which was lost
in the Mediterranean during World War Il under mysterious circumstances;

e Locating and surveying ancient Roman shipwrecks lost while on trading missions
between Rome and Carthage;

o Participating in JASON PROJECT VI, a joint scientific and educational effort with
an overall mission of engaging students in science and technology through the use
of interactive telecommunications.

NR-1 with lts Support Vessel SSv
CAROLYN CHOUEST Off Key Largo, Florida
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USS SAN FRANCISCO (SSN 711) Underway Just Off Pearl Harbor
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Program Directors — Past and Present

Admiral Hyman G. Rickover,
U.S. Navy

Director:
August 4, 1948 - January 31, 1982

Admiral Rickover, the Father of the
Nuclear Navy, was born in Makow, Russia,
on January 27, 1900. At the age of six, he
came to the United States, settling in
Chicago, lllinois. Admiral Rickover entered
the U.S. Naval Academy in 1918 and was
commissioned an ensign in June 1922.

Following sea duty aboard the destroyer
USS LA VALLETTE (DD-315) and the
battleship USS NEVADA (BB-36), Admiral
Rickover attended Columbia University,
where he earned the degree of Master of
Science in Electrical Engineering. From
1929 to 1933, he qualified for submarine
duty and command aboard the submarines
USS S-9 (SS 114) and USS S-48 (SS 159).
In June 1937, he assumed command of the
minesweeper USS FINCH (AM 9). Later
that year, he was selected as an
Engineering Duty Officer and spent the
remainder of his career serving in that
specialty.

During World War 1l, Admiral Rickover
served as Head of the Electrical Section of
the Bureau of Ships and later as
Commanding Officer of the Naval Repair
Base, Okinawa. In 1946, he was assigned
to the Atomic Energy Commission
laboratory at Oak Ridge, Tennessee and, in
early 1949, to the Division of Reactor
Development, U.S. AEC.

As director of the Naval Reactors
Branch, Admiral Rickover developed the
world's first nuclear-powered submarine,
USS NAUTILUS (SSN 571), which went to
sea in 1955. In the years that followed,
Admiral Rickover directed all aspects of
building and operating the nuclear fleet.

Admiral Rickover's numerous medals
and decorations include the Distinguished
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Medal,

Service
Commendation Medal, and the World War Il
Victory Medal. In recognition of his wartime
service, he was made Honorary Com-
mander of the Military Division of the Most
Excellent Order of the British Empire.

Legion of Merit, Navy

Admiral Rickover was twice awarded the
Congressional Gold Medal for exceptional
public service. In 1980, President Jimmy
Carter presented Admiral Rickover with the
Presidential Medal of Freedom, the nation's
highest non-military honor, for his contri-
butions to world peace.

Admiral Rickover retired from the
United States Navy on January 31, 1982,
after over 63 years of service to his country
and to 13 Presidents. His name is
memorialized in the attack submarine
USS HYMAN G. RICKOVER (SSN 709)
and Rickover Hall at the U.S. Naval
Academy. Admiral Rickover died on July 8,
1986, and is buried in Arlington National
Cemetery. In December 1999, the
Engineering Honor Society Tau Beta Pi
named Admiral Rickover as one of the Top
Ten Engineers of the Twentieth Century.




Admiral Kinnaird R. McKee,
U.S. Navy

Director:
February 1, 1982 - October 21, 1988

Admiral Kinnaird R. McKee was born in
Louisville, Kentucky, on August 14, 1929,
and graduated from the United States Naval
Academy in 1951. He served in the Pacific
fleet destroyer USS MARSHALL (DD 676)
during the Korean War and in eight
submarines of the Atlantic fleet since that
time. After completion of submarine training
in 1953, he served in three diesel-powered
submarines: USS PICUDA (SS 382), USS
SEA CAT (SS 399), and USS MARLIN
(SST-2). In 1956, Admiral McKee was
ordered to command of USS X-1, a small
experimental submarine. He graduated from
nuclear power training in 1958 and joined the
commissioning crew of USS SKIPJACK
(SSN 585), the Navy's first high-per-
formance nuclear-powered attack sub-
marine. Assignment as Executive Officer of
USS NAUTILUS (SSN 571) followed in
1961, then of the USS SAM HOUSTON
(SSBN 609) in late 1962.  After three
deterrent patrols in SAM HOUSTON, he
served in the Naval Reactors Division of the
Atomic Energy Commission from 1964 to
1966.

Admiral McKee served as Commanding
Officer of the nuclear-powered attack
submarine USS DACE (SSN 607) from
1966 through 1969. The ship was twice
awarded the Navy Unit Commendation
and three times the Battle Efficiency
Pennant for operations during that period.
Following command of DACE, Admiral
McKee served in the office of the Director,
Navy Program Planning, where his
responsibilities included strategic warfare,
research and development, and submarine
and anti-submarine warfare systems. In
1970, he was assigned to the immediate
staff of the Chief of Naval Operations,
where he established the CNO Executive
Panel. As Commander, Submarine Group
Eight, Admiral McKee served as the NATO
and U. S. Submarine Commander in the
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Mediterranean from 1973 to 1975.
August 1, 1975, he became the forty-eighth
Superintendent of the U.S. Naval Academy.
Promoted to three-star rank in March 1978,

On

Admiral McKee served as Commander,
Third Fleet with headquarters in Pearl
Harbor. He was then assigned as Director,
Naval Warfare, Office of the Chief of Naval
Operations concurrent with the expansion of
the directorate from its original concen-
tration on anti-submarine warfare to
responsibility for all aspects of naval war-
fare. He developed and implemented the
new organization.

On February 1, 1982, he relieved Ad-
miral H. G. Rickover as the Director, Naval
Nuclear Propulsion. On March 2, 1982, he
was confirmed by the U.S. Senate for
promotion to four-star rank.

Admiral McKee retired on October 31,
1988, after 41 years of service to his country.

Admiral McKee's decorations include
the Distinguished Service Medal, five awards
of the Legion of Merit, and three awards of
the Navy Unit Commendation.




Admiral Bruce DeMars,
U.S. Navy

Director:
October 22, 1988 - September 26, 1996

Admiral Bruce DeMars was born in
Chicago, lllinois, on June 3, 1935, and
graduated from the United States Naval
Academy in 1957. Following commissioning,
he served in the attack transports USS
TELFAIR (APA 210) and USS OKANOGAN
(APA 220) and, after Submarine School, the
diesel-electric submarine USS CAPITAINE
(SS 336). Following nuclear power training,
he served in the nuclear-powered submarines
USS GEORGE WASHINGTON (SSBN 598),
USS SNOOK (SSN 592), and USS
STURGEON (SSN 637) before reporting for
duty as Commanding Officer of USS
CAVALLA (SSN 684).

Shore duty tours included instructor duty
at Nuclear Power School and Submarine
School and attendance at the Armed Forces
Staff College. Following staff duty with
Squadron TEN, Admiral DeMars served
as Senior Member of the Nuclear Propul-
sion Examining Board, U.S. Atiantic Fleet.
He commanded Submarine Development
Squadron TWELVE in New London, Con-
necticut and then served as Deputy Direct-
or, Attack Submarine Division in the Office of
the Chief of Naval Operations, until selected
for promotion to Rear Admiral in 1981.

As a flag officer, Admiral DeMars served
as Commander, U.S. Naval Forces Maria-
nas/Commander, U.S. Naval Base Guam; as
Commander in Chief, Pacific Repre-
sentative for Guam and the Trust Territory of
the Pacific Islands; and as Deputy Assistant
Chief and then Deputy Chief of Naval
Operations for Submarine Warfare.
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On September
confirmed by the U.S. Senate for promotion
to four-star rank. On October 22, 1988, he
relieved Admiral McKee as Director, Naval
Nuclear Propulsion.

30, 1988, he was

Admiral DeMars retired on October 1,
1996, after 43 years of service to his country.

Admiral DeMars' decorations include the
Distinguished Service Medal, four awards of
the Legion of Merit, two awards of the
Meritorious Service Medal, two awards of the
Navy Commendation Medal, the Navy
Achievement Medal, and the Navy Unit
Commendation.




Admiral Frank L. Bowman,
U.S. Navy

Director:
September 27, 1996 - November 4, 2004

Admiral Frank L. "Skip" Bowman was
born and grew up in Chattanooga,
Tennessee. He was commissioned follow-
ing graduation from Duke University. In
1973, he completed a dual master's
program in nuclear engineering and Naval
architecture/marine  engineering at the
Massachusetts Institute of Technology and
was elected to the Society of Sigma Xi.
Admiral Bowman serves on two visiting
committees at MIT (Ocean Engineering and
Nuclear Engineering), the Engineering Board
of Visitors at Duke University, and the
Nuclear Engineering Department Advisory
Committee at the University of Tennessee.

His early assignments included tours in
USS SIMON BOLIVAR (SSBN 641), USS
POGY (SSN 647), USS DANIEL BOONE
(SSBN 629), and USS BREMERTON
(SSN 698). In 1983, Admiral Bowman took
command of USS CITY OF CORPUS
CHRIST! (SSN 705), which completed a
seven-month circumnavigation of the globe
and two special classified missions during
his command tour. His crew earned three
consecutive Battle Efficiency "E" awards.
Admiral Bowman later commanded the
tender USS HOLLAND (AS 32) from August
1988 to April 1990. During this period, the
HOLLAND crew was awarded two Battle
Efficiency "E" awards.

Ashore, Admiral Bowman has served
onthe staff of Commander, Submarine
Squadron FIFTEEN, in Guam; twice in the
Bureau of Naval Personnel in the Submarine
Policy and Assignment Division; as the SSN
21 Attack Submarine Program Coordinator
on the staff of the Chief of Naval Operations;
on the Chief of Naval Operations' Strategic
Studies Group; and as Executive Assistant
to the Deputy Chief of Naval Operations
(Naval Warfare). In December 1991,
he was promoted to flag rank and assign-
ed as Deputy Director of Operations on the

70

Joint Staff (J-3) until June 1992, and then as
Director for Political-Military Affairs (J-5) until
July 1994. Admiral Bowman served as Chief
of Naval Personnel from July 1994 to
September 1996.

Admiral Bowman assumed duties as
Director, Naval Nuclear Propulsion, on
September 27, 1996, and was promoted to
the four-star rank on October 1, 1996.

Admiral Bowman retired on January 1,
2005, after more than 38 years of service.

Under his command, his crews have
earned the Meritorious Unit Commendation
(three awards), the Navy Battle Efficiency
"E" Ribbon (five awards), the Navy
Expeditionary Medal (two awards), the
Humanitarian Service Medal (two awards),
the Sea Service Deployment Ribbon (three
awards), and the Navy Arctic Service
Ribbon. His personal awards include the
Defense Distinguished Service Medal, the
Navy Distinguished Service Medal, the
Legion of Merit (with three gold stars), and
the Officier de I'Ordre National du Mérite
from the Government of France.
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Admiral Kirkland H. Donald,
U.S. Navy

Director:
November 5, 2004 - Present

Admiral Donald assumed duties as
Director, Naval Nuclear Propulsion, on
November 5, 2004.

Originally from Norlina, North Carolina,
he graduated from the U.S. Naval Academy
in 1975 with a Bachelor of Science in Ocean
Engineering.

After nuclear power and submarine
training, he served in USS BATFISH (SSN
681), USS MARIANO G. VALLEJO (SSBN
658), AND USS SEAHORSE (SSN 669).

Admiral Donald was Commanding
Officer of USS KEY WEST (SSN 722) from
October 1990 to February 1993. He served
as Commander, Submarine Development
Squadron Twelve from August 1995 to July
1997. From June 2002 to July 2003, he
was assigned as Commander, Submarine
Group 8; Commander, Submarine Force
SIXTH Fleet (CTF 69); Commander,
Submarines Allied Naval Forces South;
and Commander, Fleet Ballistic Missile
Submarine Force (CTF 164) in Naples, Italy.
Most recently, he served as Commander,
Naval Submarine Forces; Commander,
Submarine Force, U.S. Atlantic Fleet;
Commander, Allied Submarine Command;
and Commander, Task Forces 84 and 144.

His shore assignments include the
Pacific Fleet Nuclear Propulsion Examining
Board and the staff of the Director, Naval
Nuclear Propulsion. He also served at the
Bureau of Naval Personnel, on the Joint
Staff, and as Deputy Chief of Staff for C4l,
Resources, Requirements and Assess-
ments, U.S. Pacific Fleet.
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Admiral Donald holds a Masters in
Business Administration from the University
of Phoenix and is a graduate of Harvard
University's John F. Kennedy School of
Government Senior Executive Fellows
Program.

Admiral Donald is authorized to wear
the Navy Distinguished Service Medal,
Defense Superior Service Medal, Legion of
Merit with four Gold Stars, and the
Meritorious Service Medal with one Gold
Star in addition to several other personal
and unit awards.




Program Statistics

(As of March 2006)
Active Nuclear-powered Combat Submarines: 71
Active Nuclear-powered Aircraft Carriers: 10
Active Nuclear-powered Research Vessels: 1
Total Active Nuclear-powered Ships: 82
Total Nuclear-powered Ships Built 214
Number of Miles Steamed on Nuclear Power: Over 134,000,000
Number of Reactor-years of Operation: Over 5,700
Number of Officers Trained or in Training: Over 20,000
Number of Enlisted Personnel Trained or in Training: Over 96,100
Number of Civilians Trained or in Training: Over 1,700
Total Number of Cores Taken Critical (including refuelings): 510
Number of Reactors Currently in Operation: 103

Percentage of Major Navy Combatants that are Nuclear-powered:  Approximately 40%

A 688 Class Attack Submarine Surfacing
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U. S. Nuclear-powered Ship Program Summary

Authorized
By Under

Congress Construction In Commission Decommissioned
VIRGINIA (SSN 774) Class 10" 7 1 0
SEAWOLF (SSN 21) Class 3 0 3 0
LOS ANGELES 62 0 50** 12
(SSN 688) Class
Other Fast Attack
Submarines 68 0 0 69"
Total Fast Attack
Submarines 143 7 54** 81
TRIDENT/USS OHIO
(SSBN 726) Class 18+ 0 14~ 0
POLARIS/POSEIDON
submarines 41 0 0 40**
Total Ballistic Missile
Submarines 59 0 14+ 40"
SSBNs undergoing SSGN -
conversion 0 0 4 0
Total Submarines 202 7 72* 121

Research Vessels (NR-1)

-
o
-
o

Nuclear-powered Aircraft
Carriers 12 1 10 0

Nuclear-powered Guided
Missile Cruisers

Ko
(=]
(=]
ko

Total Nuclear-powered
Surface Ships

[
"
Ie
ko

Total Nuclear-powered
Ships 224 8 83 130

*This includes five submarines authrorized under multiyear procurement through FY 08.
**SSN 716 is undergoing inactivation but still in commission as of March 2006.
***One ship originally authorized by Congress as a Fleet Ballistic Missile submarine was converted to a fast attack
submarine.
****Four SSBNs have been funded for conversion to SSGN. All four SSBNs have been removed from strategic
service and designated SSGN.
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USS CITY OF CORPUS CHRISTI (SSN 705) Off of Guam




USS ENTERPRISE (CVN 65) Salutes Naval Reactors on its 50" Anniversary in 1998




SEPARATION

PAGE




- 06.0059

' REPORT NT-06-1
MARCH 2006

'ENVIRONMENTAL MONITORING
AND DISPOSAL OF
RADIOACTIVE: :}';.:.,ASTES FROM
U.S. NAVAL NUCLEAR-PO
- SHIPS AND THEIF
SUPPQRT FACIL!TIES

| DEPARWEN " OF THE NAVY
" WASHINGTON, D.C. 20350

L A.A This publication was printed
'. J om Recycled Paper




C€.095

Report NT-06-1
March 2006

ENVIRONMENTAL MONITORING AND
DISPOSAL OF RADIOACTIVE WASTES
FROM U.S. NAVAL NUCLEAR-POWERED SHIPS
AND THEIR SUPPORT FACILITIES
2005

Prepared by
T. J. Mueller,
J. M. Steele, and T. Z. Wood
Naval Nuclear Propulsion Program
Department of the Navy

Approved by

K. H. DONALD
Admiral, U.S. Navy
Director, Naval Nuclear Propulsion




ABSTRACT

This report assesses the environmental effect of disposal of radioactive wastes
originating from U.S. naval nuclear propulsion plants and their support facilities. The
total long-lived gamma radioactivity in liquids discharged to all ports and harbors from
all naval nuclear-powered ships and supporting tenders, naval bases, and shipyards
was less than 0.002 curie in 2005. To put this small quantity of radioactivity into
perspective, it is less than the quantity of naturally occurring radioactivity in the volume
of saline harbor water occupied by a single nuclear-powered submarine. This report
confirms that procedures used by the Navy to control releases of radioactivity from U.S.
naval nuclear-powered ships and their support facilities are effective in protecting the
environment and the health and safety of the general public. These procedures have
ensured that no member of the general public has received measurable radiation
exposure as a result of operations of the Naval Nuclear Propulsion Program.

The successful radiological deactivation and closures of Ingalls Shipbuilding
radiological facilities in 1982 and of the Charleston and Mare Island Naval Shipyards in
1996 demonstrate that the stringent control over radioactivity exercised by the Naval
Nuclear Propulsion Program from its inception has been successful in preventing
radiological contamination of the environment and in avoiding expensive radiological
liabilities at shipyards.
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SUMMARY

The radioactivity in materials discussed in this report originates in the pressurized
water reactors of U.S. naval nuclear-powered ships. As of the end of 2005, the U.S.
Navy had 73 nuclear-powered submarines, 10 nuclear-powered aircraft carriers, and 2
moored training ships in operation. Facilities involved in construction, maintenance,
overhaul, and refueling of these nuclear propulsion plants include six shipyards, two
tenders, and five naval bases. This report describes disposal of radioactive liquid,
transportation and disposal of solid wastes, and monitoring of the environment to
determine the effect of radioactive releases, and updates reports on this subject issued
by the Navy in references 1 through 6 (references are listed on page 30). This report
concludes that radioactivity associated with U.S. naval nuclear-powered ships has had
no discernible effect on the quality of the environment. A summary of the radiological
information supporting this conclusion follows:

From the start of the Naval Nuclear Propulsion Program, the policy of the U.S.
Navy has been to reduce to the minimum practicable the amounts of radioactivity
released into harbors. Since 1971, the total long-lived gamma radioactivity released
each year within 12 miles of shore from all U.S. naval nuclear-powered ships and their
support facilities has been less than 0.002 curie; this includes all harbors, both U.S. and
foreign, entered by these ships.

As a measure of the significance of these data, the total quantity of long-lived
radioactivity released within 12 miles of shore in any of the last 35 years is less than the
quantity of naturally occurring radioactivity in the volume of saline harbor water
occupied by a single nuclear-powered submarine. In addition, if one person were able
to drink the entire amount of radioactivity discharged into any harbor in any of the last
35 years, that person would not exceed the annual radiation exposure permitted by the
Nuclear Regulatory Commission for an individual worker.

Environmental monitoring is conducted by the U.S. Navy in U.S. and foreign
harbors frequented by U.S. naval nuclear-powered ships. This monitoring consists of
analyzing harbor sediment, water, and marine life samples for radioactivity associated
with naval nuclear propulsion plants; radiation monitoring around the perimeter of
support facilities; and effluent monitoring. Environmental samples from each of these
harbors are also checked at least annually by a Department of Energy laboratory to
ensure analytical procedures are correct and standardized.

Independent environmental monitoring has been conducted by the
Environmental Protection Agency in U.S. harbors during the past several decades. The
results of these extensive, detailed surveys have been consistent with Navy resulits.
These surveys have again confirmed that U.S. naval nuclear-powered ships and
support facilities have had no discernible effect on the radioactivity of the environment.




RADIOACTIVE LIQUID PROCESSING AND CONTROL

Policy and Procedures Minimizing Release of Radioactivity in Harbors

The policy of the U.S. Navy is to reduce to the minimum practicable the amounts
of radioactivity released to the environment, particularly within 12 miles of shore. This
policy is consistent with applicable recommendations issued by the Federal Radiation
Council (incorporated into the Environmental Protection Agency in 1870), U.S. Nuclear
Regulatory Commission, National Council on Radiation Protection and Measurements,
International Commission on Radiological Protection, International Atomic Energy
Agency, and National Academy of Sciences—National Research Council (references 7
through 16). Keeping releases small minimizes the radioactivity available to build up in
the environment or to concentrate in marine life. To implement this policy of minimizing
releases, the Navy has issued standard instructions defining radioactive release limits
and procedures to be used by U.S. naval nuclear-powered ships and their support
facilities.

Source of Radioactivity

In the shipboard reactors, pressurized water circulating through the reactor core
picks up the heat of nuclear reaction. The reactor cooling water circulates through a
closed piping system to heat exchangers, which transfer the heat to water in a
secondary steam system isolated from the primary cooling water. The steam is then
used as the source of power for the propulsion plant, as well as for auxiliary machinery.
When reactor coolant water expands as a result of being heated to operating
temperature, the coolant passes through an ion exchange resin bed for purification
before being transferred to holding tanks.

The principal sources of radioactivity in liquid effluents are trace amounts of
corrosion and wear products from reactor plant metal surfaces in contact with reactor
cooling water. Radionuclides with half-lives of approximately one day or greater in
these corrosion and wear products include tungsten-187, chromium-51, hafnium-181,
iron-59, iron-55, nickel-63, niobium-95, zirconium-95, tantalum-182, manganese-54,
cobalt-58, and cobalt-60. The most predominant of these is cobalt-60, with a half-life of
5.3 years. Cobalt-60 also has the most restrictive concentration limit in water (as listed
by organizations that set radiological standards in references 7 and 8 for these
corrosion and wear radionuclides). Therefore, cobalt-60 is the primary radionuclide of
interest for naval nuclear propulsion plants.

Radioactivity Removal from Liquid at Shore Facilities

Radioactive liquids at shore facilities are collected in stainless steel tanks and
pumped through a processing system to remove most of the radioactivity (exclusive of
tritium) prior to collection in a clean tank for potential reuse. Even after processing to
approximately 10°® microcuries of gamma radioactivity per milliliter, reactor coolant is
not discharged to surrounding waters. Figure 1 shows a simplified block diagram of the




liquid processing system, which consists of particulate filters, activated carbon bed
filters, mixed hydrogen hydroxyl resin, and colloid removal resin beds. This type of
processing system has been developed and used successfully to produce high-quality
water containing very low radioactivity levels. This high-quality processed water is
either returned to nuclear-powered ships or evaporated.

Liquid Releases in Harbors

The total amount of long-lived gamma radioactivity released into harbors and
seas within 12 miles of shore has been less than 0.002 curie during each of the last
35 years. This total is for releases from U.S. naval nuclear-powered ships and from the
supporting shipyards, tenders, and submarine bases, and at operating bases and home
ports in the U.S. and overseas and all other U.S. and foreign ports that were visited by
naval nuclear-powered ships.

To put this small quantity of radioactivity into perspective, 0.002 curie is less than
the amount of naturally occurring radioactivity contained in the volume of saline harbor
water occupied by a single nuclear-powered submarine (reference 17).

Short-Lived Radionuclides

Reactor coolant also contains short-lived radionuclides with haif-lives of seconds
to hours. Their highest concentrations in reactor coolant are from nitrogen-16 (7 second
half-life), nitrogen-13 (10 minute half-life), fluorine-18 (1.8 hour half-life), argon-41
(1.8 hour half-life) and manganese-56 (2.6 hour half-life). For the longest lived of these,
about a day after discharge from an operating reactor, the concentration is reduced to
one-thousandth of the initial concentration; and in about 2 days the concentration is
reduced to one-millionth. Further, essentially all of the water is held onboard ship or
transferred to shore facilities for processing and potential reuse and not discharged.
Consequently, these short-lived radionuclides are not important for liquid release
considerations.

Fission Product Radionuclides

Fission products produced from fuel in the reactor, including iodine and the
fission gases krypton and xenon, are retained within the fuel elements. However, trace
quantities of naturally occurring uranium impurities in reactor structural materials
release small amounts of fission products to reactor coolant. The concentrations of
fission products and the volumes of reactor coolant released are so low, however, that
the total radioactivity attributed to long-lived fission product radionuclides comprises
only a small fraction of the total long-lived gamma radioactivity releases discussed
elsewhere in this report.
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Simplified Diagram of Radioactive Liquid Processing System




Tritium

Tritium is a radioactive isotope of hydrogen. Trace amounts of tritium are formed
in reactor coolant systems when neutrons interact with deuterium (a non-radioactive
isotope of hydrogen), which is naturally present in about 0.015 percent of seawater. .
Although trittum does have a half-life of 12 years, the radiation it produces is of such low
energy as to be environmentally insignificant. In fact, the safety guidelines issued by
the International Commission on Radiological Protection, the National Council on
Radiation Protection and Measurements, the U.S. Nuclear Regulatory Commission, and
other standard-setting agencies permit the presence of 100 times as much tritium as
cobalt-60. The tritium produced by naval nuclear reactors is in the oxide form,
chemically indistinguishable from water. Unlike other radionuclides, tritium neither
concentrates significantly in marine life nor collects on sediment.

Tritium occurs naturally in the environment, generated by cosmic radiation in the
upper atmosphere. According to reference 18, cosmic radiation produces about
4 million curies of tritium per year. This means that there is a global inventory of about
70 million curies of tritium at any given time, about 45 million curies of which are in the
oceans (reference 19). In comparison, the amount of tritium released each year from all
U.S. naval nuclear-powered ships and their supporting tenders, bases, and shipyards
has always been less than 200 curies—and virtually all of that was released into the
ocean more than 12 miles from shore. This amount is less than the tritium released
annually to the environment by a single commercial nuclear power station
(reference 20). Further, the amount of tritium in water released within 12 miles of shore
by U.S. naval nuclear-powered ships and their support facilities is less than one curie.

Because the amount of tritium occurring naturally in the environment is so large,
the amount produced by U.S. naval reactors is too small to have any measurable effect
on the environment. Therefore, tritium has not been combined with data on other
radionuclides in this report.

Carbon-14

Carbon-14 is also formed in small quantities in reactor coolant systems as a
result of neutron interactions with nitrogen and oxygen. Carbon-14 decays with a half-
life of 5,730 years. Only low-energy beta radiation is emitted during decay. As a result,
the radioactivity concentration guides for carbon-14 in its chemical form in air issued by
the International Commission on Radiological Protection, the National Council on
Radiation Protection and Measurements, the U.S. Nuclear Regulatory Commission, and
other standard setting organizations are 60 times higher than for cobalt-60.

Carbon-14 occurs naturally in the environment. It is generated from cosmic
radiation interactions with nitrogen and oxygen in the upper atmosphere and oxidized to
form carbon dioxide. Carbon-14 is chemically indistinguishable from other isotopes of
carbon. The carbon dioxide diffuses and convects throughout the atmosphere and
enters the Earth's carbon cycle. Reference 21 states that the Earth's natural carbon-14




inventory is estimated to be about 250 million curies, of which approximately 95 percent
resides in the oceans. The total amount of carbon-14 released annually from the
operation of all U.S. naval nuclear-powered ships and their supporting tenders, bases,
and shipyards has been less than 100 curies, which is far less than the natural
carbon-14 production rate of 40,000 curies per year (reference 21). Since the inventory
of naturally occurring carbon-14 is so large, it is extremely unlikely that releases from
naval nuclear reactors could result in a measurable change in the background
concentration of carbon-14.

Liquid Releases at Sea

Radioactive liquids incidental to the operation of the nuclear propulsion plants are
released at sea under strict controls. These ocean releases are consistent with
recommendations the Council on Environmental Quality made in 1970 to the President
in reference 22, and consistent with the Marine Protection, Research, and Sanctuaries
Act, reference 23. Procedures and limits for ocean releases have been consistent with
recommendations made by the National Academy of Sciences—National Research
Council in reference 11 and by the International Atomic Energy Agency in reference 12.
Navy releases have contained much less radioactivity than the recommendations of
these reports. Since 1973, the total long-lived gamma radioactivity released more than
12 miles from shore by U.S. naval nuclear-powered ships and supporting tenders has
been less than or equal to 0.4 curie per year. Releases occur at different times of the
year in the open sea at long distances from land in small amounts, and under rapid
dispersal conditions due to wave action. This 0.4 curie is less than the naturally
occurring radioactivity (reference 17) in a cube of seawater 100 yards on a side.

Loss of USS THRESHER and USS SCORPION

Two U.S. naval nuclear-powered submarines have been lost at sea in the
Atlantic Ocean. The submarine THRESHER sank on 10 April 1963, 200 miles
southeast of Maine in water 8,500 feet deep. The submarine SCORPION sank on
22 May 1968, 400 miles southwest of the Azores in more than 10,000 feet of water.
The reactors used in all U.S. naval submarines and surface ships are designed to
minimize potential hazards to the environment even under the most severe casualty
conditions, including the actual sinking of the ship. First, the reactor core is designed so
that it is physically impossible for it to explode like a bomb. Second, the reactor fuel
elements are made of materials that are extremely corrosion resistant, even in
seawater. The reactor core could remain submerged in seawater for centuries without
releases of fission products while the radioactivity decays, since the protective cladding
on the fuel elements corrodes only a few millionths of an inch per year. Thus, in the
event of a serious accident where the reactor is completely submerged in seawater, the
fuel elements will remain intact indefinitely, and the radioactive material contained in
these fuel elements should not be released. Furthermore, the maximum rate of release
and dispersal of the radioactivity in the ocean, even if the protective cladding on the fuel
were destroyed, would be so low as to be insignificant.




Radioactive material could be released from this type of reactor only if the fuel
elements were actually to melt and, in addition, the high strength, all-welded reactor
system boundary were to rupture. The reactor’'s many protective devices and inherent
self-regulating features are designed to prevent any melting of the fuel elements.
Flooding of a reactor with seawater furnishes additional cooling for the fuel elements
and so provides added protection against the release of radioactive fission products.

Radiation measurements, water samples, bottom sediment samples, and debris
collected from the area where THRESHER sank were analyzed for radioactivity shortly
after the sinking and again in 1965 by various laboratories. Similarly, seawater and
bottom sediment samples taken near SCORPION's hull were analyzed for radioactivity.
In 1977, 1983, 1986, and 1998, followup samples of water, sediment, and marine life
were collected from near the THRESHER debris. In 1979, 1986, and 1998, followup
samples of water, sediment, and marine life were collected from near the SCORPION
debris. None of these samples showed any evidence of release of radioactivity from the
reactor fuel elements in either THRESHER or SCORPION.

Cobalt-60 released from both THRESHER and SCORPION coolant systems was
detectable at low levels in the sediment samples in the debris areas, but not observed in
samples of water or marine life. The maximum cobalt-60 concentration measured in the
sediment at either site during the 1998 survey was 2.02 picocuries per gram; most
samples were much less than this concentration. This is less than one-tenth the
concentration of naturally occurring radioactivity in the sediment. For perspective, if a
person's diet contained cobalt-60 at the maximum concentration detected in the
sediment, that person would receive less than 10 percent of the radiation exposure
received from natural background radioactivity.

SCORPION carried two torpedoes with nuclear weapons containing plutonium.
While the monitoring campaign was for the express purpose of assessing the impacts
from the nuclear reactor, sediment, water, and marine life samples collected at the
SCORPION site in 1986 and 1998 were also analyzed for plutonium. Total plutonium
radioactivity concentrations and the relative concentrations of plutonium isotopes were
typical of background concentrations due to fallout from nuclear weapons testing. Thus,
there is no evidence of leakage of plutonium from nuclear weapons that were onboard
submarine when she sank.

Summary information on the radiological surveys of the THRESHER and
SCORPION sites was published in reference 24. In 1993, the Navy issued detailed
unclassified reports of the radiological environmental monitoring of the THRESHER and
SCORPION sites, references 25 and 26. The Navy also released a report in 2000 of
the environmental monitoring conducted in 1998, reference 27. The conclusions of this
report confirm the results of previous environmental monitoring expeditions and
demonstrate that the THRESHER and SCORPION have had no discernible effect on
the radioactivity in the environment.




SOLID RADIOACTIVE WASTE DISPOSAL

During maintenance and overhaul operations, solid low-level radioactive wastes
(consisting of contaminated rags, plastic bags, paper, filters, ion exchange resin, and
scrap materials) are collected from U.S. naval nuclear-powered ships and their support
facilities. These low-level radioactive materials are required to be strictly controlled to
prevent loss. These controls include naval accountability procedures, which require
serialized tagging and marking and signatures by radiologically trained personnel.

Table 1 summarizes the total radioactivity and volumes of radioactive solid waste
disposed of during the last 5 years. Table 1 includes all waste generated by U.S. naval
nuclear-powered ships and the listed support facilities because all radioactive solid
waste generated by U.S. naval nuclear-powered ships is transferred to the listed
facilities. The quantity of solid radioactive waste in any one year from a particular
facility depends on the amount and type of support work performed that year. Table 1
does not include spent fuel or other classified radioactive components shipped to
Department of Energy (DOE) facilities.

Figure 2 shows that the total annual volume of solid low-level radioactive waste
was substantially reduced in the 1970s, despite increasing numbers of nuclear-powered
ships. This reduction was accomplished simultaneously with reduction in personnel
radiation exposure, as described in reference 28. This reduction was accomplished by
several techniques, including a total containment concept for radiological work, which
minimizes the spread of radioactivity to non-radioactive materials; use of preplanning
and mockups to minimize rework; reusing rather than disposing of tools and equipment;
use of radioactive liquid processing procedures that minimize depletion of processing
media; use of efficient packaging to fully use space in disposal containers; use of
licensed commercial radioactive waste incineration, compaction, and radioactive metal
recycling services; and separating solid waste that requires special disposal owing to its
radioactive content from that which does not. The latter is achieved by worksite controls
and by use of sensitive equipment to detect radioactivity only slightly greater in
concentration than that found in natural materials such as soil, rocks, water, and
biological matter (see reference 19), thus requiring the material to be handled as
radioactive for waste disposal purposes. Material that passes the screening provided
by this sensitive detection equipment can be disposed of as ordinary waste.
Challenging goals are set by each shipyard to ensure continuing management attention
to minimizing the generation of waste in radiological work.

The annual volume of solid low-level radioactive waste disposed of at
commercial disposal sites in 2005 by the entire Naval Nuclear Propulsion Program, as
shown in Table 1, could be contained in a cube measuring about 10 yards on a side.
The total annual volume is less than 0.5 percent of the total volume of solid low-level
radioactive waste buried at these sites in the States of Washington, South Carolina, and
Utah each year (reference 29).




Solid radioactive waste materials are packaged in strong, tight containers,
shielded as necessary, and shipped to burial sites licensed by the U.S. Nuclear
Regulatory Commission or by a State under agreement with the Nuclear Regulatory
Commission. Solid radioactive materials from naval nuclear-powered ships have not
been disposed of at sea since 1970, when the Navy issued procedures prohibiting sea
disposal of solid radioactive materials. Shipyards and other shore facilities have never
been permitted to dispose of radioactive solid wastes by burial on their own sites.

The Low-Level Radioactive Waste Policy Amendments Act of 1985 establishes
that the States are responsible, either individually or in multi-State compacts, for
providing for the disposal of low-level radioactive waste from private and non-DOE
Federal Government generators. Under this law, a waste compact may prohibit
disposal of waste from outside the compact. The Northwest Compact site in Richland,
Washington, accepts waste only from the Northwest and Rocky Mountain Compacts,
which include Navy facilities in Washington and Hawaii.

The Atlantic Compact site in Barnwell, South Carolina, currently accepts waste
from every State. Over the next 2 years, however, the Barnwell site will limit waste
acceptance from out-of-compact generators.

One other disposal site accepts low-level radioactive waste. A disposal site in
Clive, Utah, is licensed by the State of Utah and is accessible to generators around the
country, but is only licensed to accept waste with low concentrations of radioactivity.

In view of the increased disposal fees and the uncertain future of low-level
radioactive waste disposal sites, a concerted effort was made in the early 1990s to
reevaluate radioactive equipment in storage for potential future use and to dispose of
that equipment for which no specific future need was identified. For example, some of
this equipment was no longer needed due to the declining size of the Fleet. In addition,
the closure of Mare Island and Charleston Naval Shipyards resulted in the disposal of
much of the equipment from these facilities. The volume of low-level radioactive waste
shipped from these two shipyards accounted for 66 percent of the total volume shipped
during 1995. As a result of all these factors, the amount of solid low-level radioactive
waste shipped for disposal increased from 1990 through 1995, but has declined in
recent years.
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Deactivation of Ingalls Shipbuilding Radiological Facilities

From 1958 to 1980, Ingalls Shipbuilding was engaged in the construction and
overhaul of U.S. naval nuclear-powered ships in Pascagoula, Mississippi. The shipyard
radiological facilities that supported this work were deactivated between 1980 and 1982
by removing and disposing all radioactive material associated with naval nuclear
propulsion plants. Reusable items, such as tools and equipment that were radioactively
contaminated, were transferred to other organizations in the Naval Nuclear Propulsion
Program. The remaining radioactive material was disposed of as solid waste.

Extensive radiological decommissioning surveys were performed to verify the
removal of this radioactive material. Direct radiological surveys were performed on over
274,000 square feet of building and facility surfaces. Over 11,000 samples of these
surfaces (as well as soil, ground cover, and concrete) were taken from all areas where
radioactive work was previously performed. These samples were analyzed using
sensitive laboratory equipment. In addition, both the State of Mississippi and the
Environmental Protection Agency (EPA) performed overcheck surveys of the
deactivated facilities. After these surveys were completed, the Ingalls facilities were
released for unrestricted use. Personnel who subsequently occupy these facilities will
not receive measurable radiation exposure above natural background levels that exist in
areas not affected by naval nuclear propulsion plant work. Reference 30 is the report of
the survey of the Ingalis facilities by the EPA.

Closure of Charleston and Mare Island Naval Shipyards

Mare Island Naval Shipyard was engaged in the construction, overhaul, and
refueling of U.S. naval nuclear-powered ships from 1956 to 1995. Charleston Naval
Shipyard was engaged in overhaul and refueling of naval nuclear-powered ships from
1962 to 1994. The 1993 round of the Base Closure and Realignment Act process
directed closure of these shipyards. The radiological facilities at both Charleston and
Mare Island have been deactivated in a manner similar to the process followed for the
deactivation of radiological facilities at Ingalls Shipbuilding. The shipyards were closed
in April 1996.

As at Ingalls, extensive radiological decommissioning surveys were performed to
verify the removal of radioactive material. At each shipyard, direct radiological surveys
were performed on over 5 million square feet of building and facility surfaces, and over
40,000 samples of soil, ground cover, and concrete were analyzed using sensitive
laboratory equipment. No cobalt-60 was detected, other than trace concentrations in a
few localized areas. Simple, proven cleanup methods were used to remediate these
areas. Both the radiological deactivation work and the survey work were performed by
shipyard workers. The total amount of Program radioactivity remediated at each
shipyard was about the same as that contained in a typical household smoke detector
(2 to 3 microcuries).
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The Navy's radiological verification surveys were completed in March 13986. Both
the EPA and the States reviewed the Navy's survey data, conducted overcheck
surveys, and agreed with the Navy's resuits. Personnel who occupy these facilities will
not receive measurable radiation exposure above natural background levels.

The successful radiological deactivation and closures of the Ingalls radiological
facilities in 1982 and of Charleston and Mare Island in 1996 demonstrate that the
stringent control over radioactivity exercised by the Naval Nuclear Propulsion Program
from its inception has been successful in preventing radiological contamination of the
environment and in avoiding expensive radiological liabilities at shipyards.

Mixed Radioactive and Hazardous Waste

Waste that is both radioactive and chemically hazardous is regulated under both
the Atomic Energy Act and the Resource Conservation and Recovery Act (RCRA) as
"mixed waste." Within the Naval Nuclear Propulsion Program, concerted efforts are
taken to avoid commingling radioactive and chemically hazardous substances so as to
minimize the potential for generation of mixed waste. For example, these efforts include
avoiding the use of acetone solvents, lead-based paints, lead shielding in disposal
containers, and chemical paint removers. As a result of Program efforts to avoid the
use of chemically hazardous substances in radiological work, Program activities
typically generate each year less than 20 cubic meters of mixed waste that requires
offsite treatment following completion of onsite processing. As of the end of 2005,
about 28 cubic meters of Program mixed waste is stored, pending shipment to
Department of Energy (DOE) and commercial mixed waste treatment facilities. Mixed
Waste Site Treatment Plans, approved by applicable Federal and State regulators
pursuant to the requirements of the 1992 Federal Facility Compliance Act, identify
specific treatment plans for each type of Program mixed waste.

Disposal of Decommissioned, Defueled Naval Reactor Plants

During the 1980s, the U.S. naval nuclear-powered submarines constructed in the
1950s and 1960s began to reach the end of their service life. In 1982, the Navy, with
DOE as a cooperating agency, published a Draft Environmental Impact Statement (EIS)
on the disposal of decommissioned, defueled naval submarine reactor plants. The Draft
EIS was widely distributed to individuals, environmental organizations, State and local
officials, and other Federal agencies. All substantive comments were analyzed and
addressed in the Final EIS, which was issued in 1984 (reference 24). Although the
Navy had evaluated the option of disposing of the defueled ships by sinking at sea, the
preferred option identified in the Final EIS was to dispose of the defueled reactor plants
at a Federal disposal facility already used for low-level radioactive waste disposal. In
December 1984, the Secretary of the Navy issued a Record of Decision to proceed with
land disposal. In 1996, the Navy issued a Final EIS (reference 31), which evaluated the
disposal of defueled reactor plants from cruisers and newer submarine classes. The
Navy and the DOE issued a Record of Decision to dispose of these defueled reactor
plants by land disposal in the same manner.
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A nuclear-powered ship is constructed with the nuclear power plant inside a
single section of the ship, called the reactor compartment. Before the reactor
compartment is disposed of, the nuclear fuel is removed and handled in the same
manner as nuclear fuel removed during refueling of nuclear-powered ships. The
defueled reactor compartments are removed from decommissioned nuclear-powered
ships in drydocks at the Puget Sound Naval Shipyard in Bremerton, Washington. After
removal from a ship, the reactor compartment is sealed and loaded onto a barge for
transport to the Port of Benton on the Columbia River near the Department of Energy
Hanford Site. At the Port of Benton, the reactor compartment is transferred to a land
transporter, which carries the reactor compartment to the disposal trench on the
Hanford Site. Further information on this process is contained in the Final EIS
(reference 31). The first defueled reactor compartment was shipped to Hanford in 1986.
In recent years, the rate of defueled reactor compartment shipments has declined as
the wave of post-Cold War decommissioned ships has been worked off. As a resuit, the
Naval Nuclear Propulsion Program did not ship any defueled reactor compartments in
2005, and the total number shipped remained 114. Reactor compartment shipments
will resume in 2006.

TRANSPORTATION OF RADIOACTIVE MATERIAL

Shipments of radioactive materials in the Naval Nuclear Propulsion Program
must be made in accordance with applicable regulations of the U.S. Department of
Transportation (DOT), the Department of Energy (DOE), and the Nuclear Regulatory
Commission (NRC). The purpose of these regulations is to ensure that shipments of
radioactive material are adequately controlled to protect the environment and the health
and safety of the general public. These regulations apply to all radioactive material
shipments and provide requirements for container design, certification, and identification
pertaining to the specific quantity, type, and form of radioactivity being shipped.

In addition to the above, requirements for naval shipping container designs
incorporate shielding and integrity specifications. These requirements provide for
container design analysis, training and qualification of workers who construct
containers, and quality contro! inspections during fabrication to ensure the containers
will meet design requirements.

In addition to imposing requirements of Federal transportation regulations, the
Navy has issued standard instructions to further control shipments of radioactivity
associated with U.S. naval nuclear propulsion plants. These standard instructions result
in a quality assurance program that includes inspections and assessments by
independent organizations and senior management. Organizations making shipments
are required to prepare local procedures that direct the use of compliance checklists
and management review to ensure compliance with applicable DOT, Navy, and disposal
site requirements. Only specially trained, designated people, knowledgeable in
shipping regulations, are permitted to authorize shipments of radioactive material.
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Protective transportation services, such as signature security service or sealed
shipping vehicles, are required for radioactive material shipments to ensure point-to-
point control and traceability of each shipment from shipper to receiver. A readily
accessible log of all shipments in transit is maintained to enable prompt identification
and provide the basis for advice on the nature of the shipment. Receivers must make
return receipts in writing to ensure that radioactive material has not been lost in
shipment. Inspection of containers of radioactive material and accompanying
documents is required promptly after receipt to monitor compliance. Receivers must
report even minor discrepancies from detailed shipping regulations to the shipper, so
that correction can be made in future shipments. This is done to ensure compliance
with shipping regulations.

Radioactive materials shipped in the Naval Nuclear Propulsion Program include
anticontamination clothing for laundry, small sealed sources used for calibrating
radiation monitoring instruments, tools and equipment used for radioactive work, low-
level radioactive waste, radioactive components, and new and spent naval fuel. Each
year, Program activities make about 1,000 shipments, which are a small part of the
nearly 3 million shipments of radioactive materials made annually in the United States
(reference 32).

In the Naval Nuclear Propulsion Program, most radioactive shipments contain
only low-level radioactivity and are classified under DOT regulations as low specific
activity, surface contaminated object, or limited quantity shipments. The predominant
radionuclide associated with these shipments is cobalt-60 in the form of insoluble
metallic oxide corrosion products attached to surfaces of materials inside shipping
containers.

Most of these radioactive material shipments are made by truck. Air shipments
are used only when necessary and are not made on passenger planes. All shipments
are in accordance with DOT regulations.

Approximately one-fifth of the low-level radioactivity shipments are minute
quantities in sealed instrument calibration check sources. These sources contain
insignificant quantities of radioactivity, comparable to the radioactivity in typical
household smoke detectors. More than half the low-level shipments are
anticontamination clothing, equipment, tools, and routine waste. The anticontamination
laundry involves shipments of special outer clothing potentially contaminated with low
levels of radioactivity while worn in controlled work areas. This laundry is shipped to
NRC or agreement State-licensed contractors for cleaning. On average, one shipment
of low-level radioactive waste is made every month from each Naval Nuclear Propulsion
Program facility. About one-fourth of the low-level shipments are environmental and
chemistry samples en route to analytical laboratories.

The remaining few shiprhents are new and spent naval fuel and radioactive

components associated with reactors, and these are shipped by DOE. Such shipments
are made infrequently because naval nuclear-powered ships currently require at most
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one refueling during their service life. Measures are carried out to help safeguard these
shipments and ensure they reach their destination without incident. Each spent naval
fuel shipment is escorted by U.S. Government representatives, and each shipping
container is specifically designed to withstand extreme accident conditions, to withstand
fire and water immersion, and to prevent release of the material to the environment in
the event of an accident. The cargo in the nuclear fuel and radioactive component
shipments is non-explosive and nonflammable; in addition, the radioactive material in
these components is insoluble and therefore should not be dispersed even if there were
an accident.

Since 1957, all spent fuel removed from naval reactors has been shipped to the
DOE's Idaho National Laboratory (INL) for examination. Until 1992, naval spent fuel
was reprocessed by the DOE after examination. In 1992, the DOE ceased
reprocessing operations. Since then, post-examination naval spent fuel has been
temporarily stored at INL pending the availability of a permanent repository or
centralized interim storage site. Continued shipment of naval spent fuel to INL for
examination and temporary storage was fully evaluated in a comprehensive DOE spent
fuel management EIS, published in April 1995 (reference 34). (The Navy participated
as a cooperating agency). Under the Record of Decision for this EIS and a court-
ordered agreement between the Navy, DOE, and the State of Idaho, naval spent fuel
will continue to be shipped to INL through 2035 for examination, and it will be
temporarily stored there until it can be shipped to a permanent geologic repository for
burial or a centralized interim storage site outside |daho for storage as soon as either
facility is available.

Estimates of annual radiation exposure to transportation crews and the general
public from shipments of radioactive materials in the Naval Nuclear Propulsion Program
have been made in a manner consistent with that employed by the NRC in
reference 32. Based on comparisons of the types and numbers of radioactive
shipments made, the total annual radiation exposure to all transportation crews for all
shipments is estimated to be less than 3 rem. If one person were to receive all this
exposure, that person would not exceed the annual radiation exposure permitted for an
individual worker by NRC. The total estimated radiation exposure accumulated by the
public along transportation routes is 10 rem. The maximum exposure to any individual
member of the public would be far less than that received from natural radiation.

For naval spent fuel shipments, more detailed exposure estimates are described
in the DOE spent fuel management EIS cited above (reference 34) and in the
Department of the Navy spent fuel container system Environmental Impact Statement
published in November 1996 (reference 35). The analyses described in these EISs
demonstrate that for the 769 container shipments of spent fuel made through the end of
2005, the total collective population dose is about 3 rem.

Shipments of radioactive materials associated with naval nuclear propulsion

plants have not resulted in any measurable release of radioactivity to the environment.
There have never been any significant accidents involving release of radioactive
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material during shipment since the Naval Nuclear Propulsion Program began. In _
general, the few accidents that have occurred involved incidents such as broken truck
axles or slight external damage to a shipping container with no release of radioactivity.
In one incident, a train collision resulted in minor denting of a new fuel shipping
container; despite this damage, there was no loss of integrity of the container, no
damage to the fuel, and no release of radioactivity. In the only two instances that
involved loss of contents, 1-quart containers holding samples with small amounts of
radioactivity were broken in shipment. In one case, this occurred when a cargo aircraft
crashed. The other container was lost from a commercial ship. Both containers were
recovered, and there was no measurable radioactivity released.

The Naval Nuclear Propulsion Program requires that the carriers for all
radioactive material shipments have accident plans identifying the actions to be taken in
case the transportation vehicle is involved in an accident. These plans provide for
notification of civil authorities and the originating facility. Also provided is a 24-hour
telephone number for emergency guidance and assistance. The U.S. Navy would
communicate with and cooperate fully with State radiological officials in the event of
unusual occurrences involving shipments of radioactive materials.

ENVIRONMENTAL MONITORING

To provide additional assurance that procedures used by the U.S. Navy to
control radioactivity are adequate to protect the environment, the Navy conducts
environmental monitoring in harbors frequented by its nuclear-powered ships.
Environmental monitoring surveys for radioactivity are periodically performed in harbors
where U.S. naval nuclear-powered ships are built or overhauled and where these ships
have homeports or operating bases. Samples from each harbor monitored are also
checked at least annually by a DOE laboratory to ensure analytical procedures are
correct and standardized. The DOE laboratory findings have been consistent with those
of the shipyards.

Navy Environmental Monitoring Program

The Navy environmental monitoring program consists of analyzing samples of
harbor sediment, water, and marine life, supplemented by shoreline surveys,
dosimeters, and effluent monitoring. Sampling harbor sediment and water each quarter
is emphasized because they would be the most likely affected by releases of
radioactivity.

As discussed earlier, cobalt-60 is the predominant radionuclide of environmental
interest resulting from naval nuclear reactor operations. Therefore, Navy monitoring
procedures require collecting in each harbor approximately 10 to 100 sediment samples
once each quarter for analysis to detect cobalt-60 and other gamma-emitting
radionuclides. Locations and numbers of sediment samples for a particular harbor
depend on the size of the harbor and the number and separation of locations where
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nuclear-powered ships berth. Sampling points are selected to form a pattern around
ship berthing locations and at points in areas away from them. The sampling locations
selected are based on the individual characteristics of each harbor.

Sediment samples are collected using a dredge that samples a surface area of
36 square inches and has been modified to collect only the top layer of sediment (about
an inch). The top layer was selected because it should be more mobile and more
accessible to marine life than deeper layers. The samples are drained of excess water
and put directly into a Marinelli container for analysis. Each sediment sample is
analyzed for gamma radioactivity in the container in which it is collected, using a solid-
state germanium detector with a multichannel analyzer. The gamma data are analyzed
specifically for the presence of cobalt-60. Results of the sediment samples from
harbors monitored by the Navy in the U.S. and its possessions are summarized in
Table 2.

Table 2 shows that most harbors do not have detectable levels of cobalt-60. As
reported in the past, low levels of cobalt-60, less than 3 picocuries per gram, have been
detected around a few operating base and shipyard piers where nuclear-powered ship
maintenance and overhauls were conducted in the early 1960s. These low levels are
well below the naturally occurring radioactivity levels in the harbors, and result from
operations conducted from that same time period. As discussed previously, from 1971
to 2005 the total long-lived gamma radioactivity released each year within 12 miles of
shore from all U.S. naval nuclear-powered ships and their support facilities has been
less than 0.002 curie. This low release amount is too small to be detectable in the
harbors. A measure of the significance of these low levels is that if all of a person's food
(reference 36) were to contain 3 picocuries of cobalt-60 per gram, that person would

-receive less than 10 percent of the dose from natural background radiation (see
reference 19). The 3 picocuries per gram cobalt-60 concentration also is less than the
concentration established by the International Atomic Energy Agency (reference 37) for
determining whether dredged sediments can be regarded as non-radioactive or
de minimis under the Convention on Prevention of Marine Pollution by Dumping of
Wastes and Other Matter (London Convention, 1972), reference 38. Cobalt-60 is not
detectable in general harbor bottom areas away from these piers.

Low levels of cesium-137 were detected in some sediment samples. The
cesium-137 detected is not related to naval nuclear reactor operations, because the
high integrity naval fuel retains fission products. The cesium-137 concentrations
measured in the sediment are due to worldwide dispersion from weapons testing.

For comparison, references 39 and 40 contain evaluations by laboratories of the
Georgia Department of Natural Resources and the Environmental Protection Agency
(EPA) of the effects on the environment from the accumulation of radionuclides near
points of discharge from several U.S. commercial nuclear facilities. The referenced
reports conclude that radioactivity levels much greater than those shown in Table 2 for
Naval Nuclear Propulsion Program facilities have caused no significant radiation
exposure to the general public.
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The maximum total radioactivity observed in a U.S. harbor is less than 0.01 curie
of cobalt-60. This radioactivity is small compared to background. Based on the typical
concentrations of naturally occurring radioactivity, such as potassium-40, radium,
uranium, and thorium (which are described in reference 17 for marine sediment), the
natural radioactivity in the sediment of a typical harbor amounts to hundreds of curies.

In addition to Navy analysis of environmental samples, at least nine sediment
samples from each harbor monitored have been sent each year to a DOE laboratory, as
a check of Navy results. This DOE laboratory provides a further check on the quality of
environmental sample analyses by participating in the quality control programs
sponsored by Environmental Resource Associates.

The check samples were analyzed for gamma radionuclides in a manner similar
to Navy procedures but with greater sensitivity. Figure 3 depicts the gamma spectra for
two such samples. Both spectra show the presence of abundant, naturally occurring
radionuclides, which contribute to measured radioactivity even if cobalt-60 were not
present. The upper spectrum is for a sample to which cobalt-60 has been added to
achieve a concentration of approximately 3 picocuries per gram and shows easily
recognizable energy peaks due to the presence of this small concentration of cobalt-60.
The lower spectrum is typical of most of the sediment samples, and does not contain
detectable cobalt-60.

At least five water samples are taken in each harbor once each quarter in areas
where nuclear-powered ships berth, as well as from upstream and downstream
locations. These samples are analyzed for the presence of gamma-emitting
radionuclides, including cobalt-60. A solid-state germanium detector with a
multichannel analyzer is used to measure gamma radioactivity and detect the presence
of cobalt-60. Procedures for analysis will detect cobalt-60 if its concentration exceeds
the EPA drinking water limits (reference 15). No cobalt-60 has been detected in any of
the water samples taken from any of the harbors monitored.

An EPA evaluation in reference 41 shows that the cobalt-60 from naval nuclear
propulsion plants is in the form of metallic corrosion product particles, which do not
appear to be concentrated in the food chain. Nevertheless, samples of marine life (such
as mollusks, crustaceans, and marine plants) have been collected from all harbors
monitored. Marine life samples are also analyzed using a germanium detector with a
multichannel analyzer. The results of the marine life sample analysis (summarized in
Table 3) show that no buildup of cobalt-60 associated with U.S. naval nuclear-powered
ships has been detected in these samples of marine life.
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Gamma Spectra of Harbor Bottom Sediment Samples

with a Germanium Detector
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In all monitored harbors, shoreline areas uncovered at low tide are surveyed
twice per year for radiation levels, using sensitive scintillation detectors to determine if
any radioactivity from bottom sediment washed ashore. Ali results were the same as
background radiation levels in these regions, approximately 0.01 millirem per hour.
Thus, there is no evidence in these ports that these areas are being affected by the
operation of nuclear-powered ships.

Ambient radiation levels are continuously measured using sensitive
thermoluminescent dosimeters posted at locations outside the boundaries of areas
where radiological work is performed. These dosimeters are also posted at locations
remote from support facilities to measure background radiation levels from natural
radioactivity. The results of dosimeters posted at support facilities between
radiologically controlled areas and the general public and dosimeters posted at remote
background locations up to several miles away are compared in Table 4. The range of
dosimeter readings is also given: natural background radiation levels vary from location
to location primarily due to the concentration of radionuclides in the soil (reference 19).
Table 4 shows that Naval Nuclear Propulsion Program activities had no distinguishable
effect on normal background radiation levels at the site perimeter.

Naval nuclear reactors and their support facilities are designed to ensure that
there are no significant discharges of radioactivity in airborne exhausts. Radiological
controls are exercised in support facilities to preclude exposure of working personnel to
airborne radioactivity exceeding one-tenth of the limits specified in reference 7. These
controls, discussed in reference 28, include containment for radioactive materials and
provide a barrier to prevent significant radioactivity from becoming airborne. Further, all
air exhausted from these facilities is passed through high-efficiency particulate air
(HEPA) filters and monitored during discharge. Comparison of sensitive airborne
radioactivity measurements in shipyards demonstrates that air exhausted from facilities
actually contained a smaller amount of particulate radioactivity than it did when it was
drawn from the environment.
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ENVIRONMENTAL PATHWAYS ANALYSIS

Results of monitoring of environmenta!l samples described above show that
environmental radioactivity levels have not changed appreciably; therefore, radiation
exposure to the public from operations of U.S. naval nuclear-powered ships and their
support facilities is too low to measure. Nevertheless, an analysis has been performed
to provide a quantitative estimate of the radiation to which any member of the general
public might be exposed as a result of radioactivity in liquid and airborne effluents.

For analysis of airborne effluents, the EPA COMPLY computer program is used,
as required by EPA regulations in reference 42. Site-specific input parameters include
radionuclide releases, distance to members of the public, wind speed and direction, and
food production. The releases of airborne effluents used in the analysis are
summarized in Table 5. Cobalt-60 values include actual measurements of cobalt-60
emissions from the exhaust of Navy facilities, in addition to estimates of other potential
sources of cobalt-60. Estimated values for other airborne radionuclides are based upon
detailed study of land-based naval nuclear propulsion prototype plants, nuclear-
powered ships, and their support facilities.

Results of the airborne effluent analysis are summarized in Table 6. Table 6
compares the estimated maximum exposure to a member of the public from Program
effluents with guidelines of the NRC in reference 14. These numerical guidelines on
calculated radiation exposures implement the concept that radioactivity in effluents from
light water nuclear electric power reactors should be limited to amounts and quantities
as low as reasonably achievable. Although these guidelines are not applicable to
nuclear-powered ships and their support facilities, they provide a context in which to
judge the significance of radiation exposures from Program effluents. The estimated
maximum radiation exposure to a member of the general public from releases of
airborne radioactivity is much less than the standard of 10 millirem per year established
by the EPA in reference 42.
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Table 5: Radionuclide Releases Used for Environmental Pathways Analysis

Radionuclide Annual Airborne Release (Curies)
Cobalt-60* <0.0004
Tritium* <1.5
Carbon-14* <20
Krypton-83m 0.011
Krypton-85m 0.027
Krypton-85 0.000023
Krypton-87 0.035
Krypton-88 0.055
Xenon-131m 0.0015
Xenon-133m 0.012
Xenon-133 0.30
Xenon-135 0.33
Argon-41 3.3
lodine-131 0.0000050
lodine-132 0.0000054
lodine-133 0.000014
lodine-135 0.0000097

* Site-specific values are used for these radionuclides. The tabulated values bound the site-specific
values used in the analysis.

For liquid effluents, the results of the environmental monitoring samples
demonstrate, without the need for any detailed theoretical model calculations, that there
is no significant radiation exposure to members of the public. For example, the samples
of marine life obtained from the immediate vicinity of shipyard piers and drydocks did
not have any detectable cobalt-60, even with sensitive analysis. Even if cobalt-60 were
assumed to be present at concentrations just below the limits of detection shown in
Table 5 and a person were to eat 40 pounds per year of mollusks and crustaceans
caught directly from these areas, the person would receive much less than one millirem
per year. Similarly, even though the Navy minimizes releases of radioactive liquids and
there has never been any detectable cobalt-60 in harbor water, the water consumption
pathway cannot result in any dose to the public since seawater is not used for drinking
water consumption in the vicinity of these facilities. Thus, exposures to members of the
public from the Naval Nuclear Propulsion Program liquid effluents are far less than the
guidelines of the NRC, which are listed in Table 6.
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Table 6: Estimated Maximum Radiation Exposure to an Individual for Assumed Liquid
Releases and Airborne Radioactivity Releases from Shipyards Engaged in Naval
Nuclear Propulsion Work

Maximum Exposure to an Individual

SOURCE NRC Guideline Estimated Value
(millirem/year) (millirem/year)
From Radionuclides 3 whole body, or <1
in Liquid Releases 10 any organ

From Gaseous 5 whole body, or

Radionuclides 15 skin <1
in Airborne Releases
From Other
Radionuclides 15 any organ <1

in Airborne Releases

Maximum Exposure to an Individual

SOURCE EPA Regulation Estimated Value
(effective whole body, | (effective whole body,
millirem/year) millirem/year)
From Radioiodine
in Airborne Releases 3 <0.03
From Other
Radionuclides 10 <1
in Airborne Releases
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AUDITS AND REVIEWS

The requirements and procedures for control of radioactivity are an important
part of the training programs for everyone involved with radioactivity in the Naval
Nuclear Propulsion Program. Such training is part of the initial qualification of shipyard
workers and of naval personnel assigned to ships and bases, and is required to be
repeated regularly. Emphasis on this training is part of the concept that radiological .
control personnel alone cannot always cause radiological work to be well performed;
production and operations personnel and all levels of management must be involved in
the control of radioactivity.

Checks and balances of several kinds are also set up to help ensure control of
radioactivity. Written procedures exist that require verbatim compliance. Radiological
control personnel monitor various steps in radioactive waste processing. In each
shipyard, an independent organization, separate from the radiological control
organization, audits all aspects of radioactive waste processing. Audits are performed
by representatives from Naval Reactors Headquarters who are assigned full-time at
each shipyard. Radiological control personnel from Headquarters also conduct periodic
inspections of each shipyard. In addition, shipyards have made detailed assessments
of the environmental effects of shipyard operations and have published reports on the
results of these assessments. Similarly, there are multiple levels of audits and
inspections for the other Navy shore facilities, tenders, and nuclear-powered ships, as
well as for other radiologically controlled functions (such as transportation). Even the
smallest audit findings are followed up to ensure proper recovery and permanent
corrective actions are taken and to help minimize the potential for future deficiencies.

The policy of the Navy is to closely cooperate and effectively communicate with
State radiological officials whenever there are occurrences that might cause concern
because of radiological effects outside the ships or shore facilities. The Navy has
reviewed radioactive waste disposal, radiological environmental monitoring,
transportation, and other radiological matters with State radiological officials in the States
where U.S. naval nuclear-powered ships are based or overhauled. Although there were
no occurrences in 2005 that resulted in radiological effects to the public outside these
facilities, States were notified when inquiries showed public interest in the possibility that
such events had occurred. The Navy has encouraged States to conduct independent
radiological environmental monitoring in harbors where naval nuclear-powered ships aré
based or overhauled, the States’ findings have been consistent with the Navy’s.

Since the early 1960s, a laboratory of the Environmental Protection Agency and
its predecessor agency the Public Health Service has conducted detailed environmental
surveys of selected U.S. harbors. The most recent EPA reports, providing results of the
radiological surveys performed at the New London and Hampton Roads facilities, were
issued in August and October 2005, respectively. References 30 and 43-51 document
the most recent EPA surveys in the harbors at Pascagoula, Mississippi; Charleston,
South Carolina; Pearl Harbor, Hawaii; San Diego, Alameda, San Francisco, and Vallejo,
California; New London and Groton, Connecticut; Newport News, Portsmouth, and
Norfolk, Virginia; Kings Bay, Georgia; Kittery, Maine / Portsmouth, New Hampshire; and
Bremerton and Bangor, Washington. EPA findings have been consistent with those of
the Navy, and have concluded that operation of naval nuclear-powered ships has had
no adverse impact on public safety or health.
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CONCLUSIONS

The total long-lived gamma radioactivity in liquids released into all ports and
harbors from the Naval Nuclear Propulsion Program was less than 0.002 curie in
2005. For perspective, 0.002 curie is less than the quantity of naturally occurring
radioactivity in the volume of saline harbor water occupied by a single nuclear-
powered submarine.

No increase of radioactivity above normal background levels has been detected
in harbor water during Navy and EPA monitoring of harbors where U.S. naval
nuclear-powered ships are based, overhauled, or constructed.

Liquid releases from U.S. naval nuclear-powered ships and their support facilities
have not caused a measurable increase in the general background radioactivity
of the environment.

Low-level cobalt-60 radioactivity in harbor bottom sediment is detectable around
a few operating base and shipyard piers from low-level liquid releases in the
1960s; however, these concentrations of cobalt-60 are less than those of
naturally occurring radionuclides around these piers. Cobalt-60 is not detectable
in general harbor bottom areas away from these piers. The maximum total
radioactivity observed in a U.S. harbor, less than 0.01 curie of cobalt-60, is small
compared to the naturally occurring radioactivity. Comparison to previous
environmental data shows that these environmental cobalt-60 levels are
decreasing.

Estimates of radiation exposures to members of the public from the Naval
Nuclear Propulsion Program are far less than EPA environmental standards,
NRC guidelines, or the exposure from natural background radioactivity.

Procedures used by the Navy to control releases of radioactivity from U.S. naval
nuclear-powered ships and their support facilities have been effective in
protecting the environment and the health and safety of the general pubilic.
Independent radiological environmental monitoring performed by the EPA and
the States have confirmed the adequacy of these procedures. These procedures
have ensured that no member of the general public has received measurable
radiation exposure as a result of current operations of the Naval Nuclear
Propulsion Program.

The successful radiological deactivation and closures of Ingalls Shipbuilding
radiological facilities in 1982 and of Charleston and Mare Island Naval Shipyards
in 1996 demonstrate that the stringent control over radioactivity exercised by the
Naval Nuclear Propulsion Program from its inception has been successful in
preventing radiological contamination of the environment and in avoiding
expensive radiological liabilities at shipyards.
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APPENDIX:

ENVIRONMENTAL MONITORING SURVEY CHARTS

Environmental monitoring survey charts for harbors monitored for radioactivity
associated with U.S. naval nuclear-powered ships in the U.S. and possessions are
listed below and included in this appendix. The sampling locations for harbor water and
harbor sediment are shown. In addition, shoreline survey areas and the locations of
posted dosimetry devices are shown on the figures.

Figure No. Location
California
T o, U.S. Naval Air Station North Island, San Diego
2 e U.S. Naval Submarine Base, San Diego
3 e U.S. Naval Station, San Diego
Connecticut
4 ., Electric Boat Corporation, Groton
5 e U.S. Naval Submarine Support Facility,
New London Harbor
Florida
L J OO UPORUUPP Port Canaveral
Georgia
T ot U.S. Naval Submarine Base, Kings Bay
Guam
8 e Apra Harbor
Hawaii
L2 O ORRPUPUPPRUPRPRPRR Pearl Harbor Area
10 e Pearl Harbor Naval Shipyard and Intermediate
Maintenance Facility — Shipyard Area, Pearl Harbor
T e, Pearl Harbor Naval Shipyard and Intermediate
Maintenance Facility — Submarine Base Area, Pearl
Harbor
Maine
12 e, Portsmouth Naval Shipyard
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Fiqure No. ‘ Location

South Carolina

13 e Naval Nuclear Power Training Unit, Charleston
Virginia

L JORORRUR Newport News Shipbuilding, Newport News

L £ TN Norfolk Naval Shipyard, Portsmouth

16 e U.S. Naval Station, Norfolk

L I AR Norfolk Portsmouth Virginia Area
Washington

18 e Puget Sound Naval Shipyard

19 e Bangor/Hood Canal

20 e, U.S. Naval Station, Everett
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FIGURE 1
ENVIRONMENTAL MONITORING LOCATIONS AT
U.S. NAVAL AIR STATION NORTH ISLAND, SAN DIEGO, CA
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FIGURE 2
ENVIRONMENTAL MONITORING LOCATIONS AT
U.S. NAVAL SUBMARINE BASE, SAN DIEGO, CA
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FIGURE 3
ENVIRONMENTAL MONITORING LOCATIONS AT
U.S. NAVAL STATION 32"° ST, SAN DIEGO, CA
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FIGURE §
ENVIRONMENTAL MONITORING LOCATIONS AT
U.S. NAVAL SUBMARINE BASE, NEW LONDON, CT
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FIGURE 7
ENVIRONMENTAL MONITORING LOCATIONS AT
U.S. NAVAL SUBMARINE BASE, KINGS BAY, GA
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ENVIRONMENTAL MONITORING LOCATIONS AT
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FIGURE 8
ENVIRONMENTAL MONITORING LOCATIONS AT
PEARL HARBOR, Hi
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FIGURE 10
ENVIRONMENTAL MONITORING LOCATIONS AT
PEARL HARBOR NAVAL SHIPYARD AND
INTERMEDIATE MAINTENANCE FACILITY — SHIPYARD AREA
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FIGURE 13
ENVIRONMENTAL MONITORING LOCATIONS AT
NAVAL NUCLEAR PROPULSION TRAINING UNIT, CHARLESTON, SC
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FIGURE 14
ENVIRONMENTAL MONITORING LOCATIONS AT
NORTHROP GRUMMAN NEWPORT NEWS, NEWPORT NEWS, VA
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FIGURE 15
ENVIRONMENTAL MONITORING LOCATIONS AT

NORFOLK NAVAL SHIPYARD, PORTSMOUTH, VA

Norfolk Naval Shipyard
Portsmouth, Virginia
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FIGURE 16
ENVIRONMENTAL MONITORING LOCATIONS AT
U.S. NAVAL STATION, NORFOLK, VA

R,
W
U= =
ICZ o FAN = E Naval Station Norfolk
[ T Q [ y—. Norfolk, Virginia

/)
Q AN

£3 MARINE UFE SAMPLING LOCATIONS
O SEDIMENT LOCATION

[\ WATER SAMPUNG LOCATION
] DOSIMETER LOCATION




uead Snuenvy

\ AN =z v 7
VA 'V3YV HLINOWSLHOd-XT044ON = Nuoaduoao
1V SNOILVOOT ONIYOLINON TVLNIANNONYIANI
L1 3¥NOld

A

s s JOUOH BIUTAIIA

A0j30N
wopng [vany

uorjeso] auraroys O _ham
ayeadesay)

uojydurey

SNOILVOOT Ad N n

C 1 T o |

¥ z 1 0
SO JO oT¥oS

7

\ yjoynms
te
7

£

TIAOHS




FIGURE 18
ENVIRONMENTAL MONITORING LOCATIONS AT
PUGET SOUND NAVAL SHIPYARD, BREMERTON, WA
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FIGURE 19
ENVIRONMENTAL MONITORING LOCATIONS AT
U.S. NAVAL SUBMARINE BASE, BANGOR, WA

LEGEND

PERIMETER TLD
LOCATIONS

SHORELINE SURVEY
LOCATIORS

MARINE LIFE SAMPLE
LOCATIONS

WATER SAMPLING
LOCATIORS

SEDIMENT SAMPLING
LOCATIONS

PO




‘ FIGURE 20
ENVIRONMENTAL MONITORING LOCATIONS AT
U.S. NAVAL STATION, EVERETT, WA
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SUMMARY

Radiation exposures to Navy and civilian personnel monitored for radiation associated
with U.S. naval nuclear propulsion plants are summarized in this report. As of the end
of 2005, the U.S. Navy operated 73 nuclear-powered submarines, 10 nuclear-powered
aircraft carriers, and 2 moored training ships. Facilities that build, maintain, overhaul, or
refuel these nuclear propulsion plants include six shipyards, two tenders, and five naval
bases. The benefits of nuclear propulsion in our most capable combatant ships have
long been recognized, and our nuclear-powered ballistic missile submarines form the
strongest element of the U.S. strategic deterrent.

Figure 1 shows that the total radiation exposure in 2005 is about 9 percent of the
amount in the peak year of 1966, even though today there are about 20 percent more
nuclear-powered ships in operation and more than 2%2 times the number of ships in
overhaul. Total radiation exposure in this figure is the sum of the annual exposures of
each person monitored for radiation. In 2005, the number of ships in overhaul
decreased by about 3 percent from 2004 and the total shipyard radiation exposure
decreased from 1,127 rem in 2004 to 1,084 rem in 2005 (shipyard average annual rem
per person decreased from 0.058 rem in 2004 to 0.056 rem in 2005). In 2005, the total
Fleet radiation exposure decreased from 789 rem in 2004 to 749 rem in 2005 (Fleet
average annual rem per person decreased from 0.038 rem in 2004 to 0.036 rem in
2005).

The current Federal annual occupational radiation exposure limit of 5 rem established in
1994 came 27 years after the Naval Nuclear Propulsion Program’s (NNPP’s) annual
exposure limit of 5 rem per year was established in 1967. (Until 1994, the Federal
radiation exposure lifetime limit allowed an accumulation of exposure of 5 rem for each
year of age beyond 18.) From 1968 to 1994, no civilian or military personnel in the
Program exceeded its self-imposed 5 rem annual limit, and no one has exceeded that
Federal limit since then. In fact, no Program personnel have exceeded 40 percent of
the Program’s annual limit since 1980 (i.e., no personnel have exceeded 2 rem in any
year in the last 25 years). And no civilian or military Program personnel have ever, in
over 50 years of operation, exceeded the Federal lifetime limit.

Personnel operating the Navy’s nuclear-powered ships receive less radiation exposure
in a year than the average U.S. citizen does from natural background and medical
radiation exposure. For example, the exposure received by the average nuclear-trained
sailor living onboard one of the Navy’s nuclear-powered ships in 2005 was about a tenth
of the radiation received by the average U.S. citizen from natural background and
medical sources that year. This achievement is possible because of very conservative
shielding designs on these ships (a tenet of the Program since it was founded in 1948),
as well as the fact that shipboard personnel were generally shielded from natural
background sources of radiation (i.e., earth and cosmic sources of radiation) while at
sea.

Since 1962, no civilian or military personnel in the NNPP have ever received more than
a tenth the Federal annual occupational exposure limit from internal radiation exposure
caused by radioactivity associated with naval nuclear propulsion plants.

The average occupational exposure of each person monitored since 1954 for radiation
associated with naval nuclear propulsion plants is less than 0.150 rem per year. The
total lifetime average exposure during this 52-year period is about 1 rem per person.
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According to the standard methods for estimating risk, the risk to the group of personnel
occupationally exposed to radiation associated with naval nuclear propulsion plants is
less than the risk these same personnel have from exposure to natural background
radiation. This risk is small in comparison to both the risks accepted in normal industrial
activities, and the risks regularly accepted in daily life outside of work.
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EXTERNAL RADIATION EXPOSURE

Policy and Limits

The policy of the U.S. Naval Nuclear Propulsion Program is to reduce exposure to
personnel from ionizing radiation associated with naval nuclear propulsion plants to a
level as low as reasonably achievable.

Prior to 1960, the Federal radlatlon exposure limit used in the U.S. for whole body
radiation was 15 rem per year '. From 1960 to 1994, the Federal radiation exposure
limits used in the U.S. for whole body radiation exposure were 3 rem per quarter year
and 5 rem accumulated dose for each year beyond age 18. These limits were
recommended in 1958 by the U.S. National Committee ("Committee” was changed to
"Council” when the organization was chartered by the U S. Congress in 1964) on
Radiation Protection and Measurements (reference 1)? and by the International
Commission on Radiological Protection (reference 2). They were adopted by the U.S.
Atomic Energy Commission (AEC) and applied both within the AEC and to licensees in
1960 (reference 3). On May 13, 1960, President Eisenhower approved the U.S.
Federal Radiation Council recommendation that these limits be used as guidance for
Federal agencies (reference 4). The U.S. Department of Labor adopted these same
limits. A key part of each of these standards has been emphasis on minimizing
radiation exposure to personnel.

in 1965, the International Commission on Radiological Protection (reference 5)
reiterated the quarterly and accumulated limits cited above, but suggested that
exceeding 5 rem in 1 year should be infrequent. Although none of the other
organizations referred to above changed their recommendations, the Naval Nuclear
Propulsion Program adopted 5 rem per year as a rigorous limit, effective in 1967.

In 1971, the National Council on Radiation Protection and Measurements (reference 6)
recommended that 5 rem be adopted as the annual limit under most conditions. In
1974, the AEC (now the Department of Energy) (reference 7) established 5 rem as its
annual limit. In 1977, the International Commission on Radiological Protection
(reference 8) deleted the accumulated limit and recommended 5 rem as the annual
limit. In 1979, the Nuclear Regulatory Commission issued a proposed change to the
Code of Federal Regulations, Title 10, Part 20, to require its licensees to use 5 rem as
an annual limit. On January 20, 1987, revised guidance for Federal agencies was
approved by President Reagan that eliminated the accumulated dose limit discussed
above and established a 5 rem per year limit for occupational exposure to radiation
(reference 9). The Nuclear Regulatory Commission approved the change to the Code
of Federal Regulations, Title 10, Part 20, that made the 5 rem annual limit effective on
or before January 1, 1994,

The Naval Nuclear Propulsion Program radiation exposure limits since 1967 have been:

3 rem per quarter
5 rem per year

1. 1rem=0.01 Sievert
2. References are listed on pp. 54-57.




Special higher limits are in effect, such as those for hands and feet; however, there
have been few cases where these limits have been more restrictive than the whole body
radiation exposure limits. Therefore, the radiation exposures discussed in this report
are nearly all from whole body radiation. Controls are also in effect to minimize any
occupational radiation exposure to the unborn child of a pregnant worker.

Each organization in the Naval Nuclear Propulsion Program is required to have an
active program to keep radiation exposure as low as reasonably achievable.

Source of Radiation

The radiation discussed in this report originates from pressurized water reactors. Water
circulates through a closed piping system to transfer heat from the reactor core to a
secondary steam system isolated from the reactor cooling water. Trace amounts of
corrosion and wear products are carried by reactor coolant from reactor plant metal
surfaces. Some of these corrosion and wear products are deposited on the reactor core
and become radioactive from exposure to neutrons. Reactor coolant carries some of
these radioactive products through the piping systems where a portion of the
radioactivity is removed by a purification system. Most of the remaining radionuclides
transported from the reactor core deposit in the piping systems.

The reactor core is installed in a heavy-walled pressure vessel within a primary shield.
This shield limits radiation exposure from the gammas and neutrons produced when the
reactor is operating. Reactor plant piping systems are installed primarily inside a
reactor compartment that is itself surrounded by a secondary shield. Access to the
reactor compartment is permitted only after the reactor is shut down. Most radiation
exposure to personnel comes from inspection, maintenance, and repair inside the
reactor compartment. The major source of this radiation is cobalt-60 deposited inside
the piping systems. Cobalt-60 emits two high-energy gammas and a low-energy beta
for every radioactive decay. lIts half-life is 5.3 years.

Neutrons (produced when reactor fuel fissions) are also shielded by the primary and
secondary shields. Radiation exposure to personnel from these neutrons during reactor
operation is much less than from gammas. After reactor shutdown, when shipyard and
other support facility work is done, no neutron exposure is detectable. Therefore, the
radiation exposures discussed in this report are nearly all from gamma radiation.

Control of Radiation During Reactor Plant Operation

Reactor plant shielding is designed to minimize radiation exposure to personnel. Shield
design criteria establishing radiation levels in various parts of each nuclear-powered
ship are personally approved by the Director, Naval Nuclear Propulsion.

Ship design is also controlled to keep locations such as duty stations, where personnel
need to spend time, as far as practicable away from the reactor compartment shield.
Special attention is paid to living quarters. For example, the shield design criteria were
established such that a person would have to spend more than 48 hours per day in
living quarters to exceed exposure limits (which is impossible, there being only 24 hours
in a day).

Radiation resulting outside the propulsion plant spaces during reactor plant operation is
generally not any greater than natural background radiation. For submarine personnel
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stationed outside the propulsion plant, the combination of low natural radioactivity in
ship construction materials and reduced cosmic radiation under water results in less
radiation exposure (from all sources including the nuclear reactor) at sea than the public
receives from natural background sources ashore. Those who operate the nuclear
propulsion plant receive more radiation exposure in port during maintenance and
overhaul periods than they receive from operating the propulsion plant at sea.

Contro! of Radiation in Support Facilities

Special support ships called tenders for nuclear-powered ships are constructed so that
radioactive material is handled only in specially designed and shielded nuclear support
facilities. Naval bases and shipyards minimize the number of places where radioactive
material is allowed. Stringent controls are in place during the movement of all
radioactive material outside these nuclear support facilities. A radioactive material
accountability system is used to ensure that no radioactive material is lost or misplaced
in a location where personnel could unknowingly be exposed. Regular inventories are
required for every item in the radioactive material accountability system. Radioactive
material is tagged with yellow and magenta tags bearing the standard radiation symbol
and the measured radiation level. Radioactive material removed from a reactor plant is
required to be placed in yellow plastic, and the use of yellow plastic is reserved solely
for radioactive material. All personnel assigned to a tender, naval base, or shipyard are
trained to recognize that yellow plastic identifies radioactive material and to initiate
immediate action if radioactive material is discovered out of place.

Access to radiation areas is controlled by signs and barriers. Personnel are trained in
the access requirements, including the requirement to wear dosimetry devices to enter
these areas. Dosimetry devices are also posted near the boundaries of these areas to
verify that personnel outside these areas do not require monitoring. Frequent radiation
surveys are required using instruments that are checked before use and calibrated
regularly. Areas where radiation levels are greater than 0.1 rem per hour are called
“high radiation areas” and are locked or guarded. Compliance with radiological controls
requirements is checked frequently by radiological controls personnel, as well as by
other personnel not affiliated with the radiological controls organization.

Dosimetry

Thermoluminescent dosimeters (TLDs) have been the dosimetry devices worn by
personnel to measure their exposure to gamma radiation since 1974. Prior to 1974, film
badges were used as described below. The TLD contains two chips of calcium fluoride
with added manganese. It is characteristic of thermoluminescent material that radiation
causes internal changes that make the material, when subsequently heated, give off an
amount of light directly proportional to the radiation dose. In order to make it convenient
to handle, these chips of calcium fluoride are in contact with a metallic heating strip with
heater wires extending through the ends of a surrounding glass envelope. The glass
bulb is protected by a plastic case designed to permit the proper response to gammas
of various energies. Gammas of such low energy that they will not penetrate the plastic
case constitute less than a few percent of the total gamma radiation present. To read
the radiation exposure, a trained operator removes the glass bulb and putsitin a TLD
reader, bringing the metal heater wires into contact with an electrical circuit. An
electronically controlled device heats the calcium fluoride chips to several hundred
degrees Celsius in a timed cycle, and the intensity of light emitted is measured and
converted to a digital readout in units of rem. The heating cycle also anneals the
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calcium fluoride chips so that the dosimeter is zeroed and ready for subsequent use.
The entire cycle of reading a TLD described here takes about 30 seconds. This rapid
readout capability was one reason for changing from film badges to TLDs. The use of
TLDs permits more frequent measurement of a worker's radiation exposure than film
badges did. TLDs are required to be processed at least weekly in naval shipyards, and
at least monthly aboard ship. Daily processing is required for anyone entering a reactor
compartment or high radiation area.

To ensure accuracy of the TLD system, periodic calibration and accuracy checks are
performed. For example, TLDs are checked when new, and once every 9 months
thereafter, for accurate response to a known radiation exposure. Those that fail are
discarded. TLD readers are calibrated once each year by one of several calibration
facilities, using precision radiation sources and precision TLD standards. In addition,
weekly, daily, and hourly checks of proper TLD reader operation and accuracy are
performed when readers are in use, using internal electronic standards built into each
reader.

In addition to these calibrations and checks, the Navy has an independent dosimetry
quality assurance program to monitor the accuracy of TLDs and TLD readers in use at
Program activities. Precision TLDs are pre-exposed to known amounts of radiation by
the National Institute of Standards and Technology (formerly the National Bureau of
Standards) and provided to Program activities for reading. The activity's results are
then compared to the actual exposures. A random sample of dosimeters in use at the
activity being tested is also selected and sent to a Navy shore facility for accuracy
testing. To ensure objectivity, the activity being tested is not told of the radiation values
to which the dosimeters have been exposed and is not permitted to participate in the
selection of the dosimeter sample. If these tests find any inaccuracies that exceed
established permissible error, appropriate corrective action (such as recalibration of a
failed TLD reader) is immediately taken. The results of this program demonstrate that
the radiation to which personnel are exposed is being measured by the TLD system
with an average error of less than 10 percent.

The Naval Nuclear Propulsion Program dosimetry system is accredited under the
National Voluntary Laboratory Accreditation Program. This voluntary program,
sponsored by the National Institute of Standards and Technology, provides independent
review of dosimetry services for consistency with accepted standards.

Pocket ionization chambers with an eyepiece permit wearers to read and keep track of
their own radiation exposure during a work period. This pocket dosimeter is required in
addition to a TLD when entering a reactor compartment or a high radiation area. The
official record of radiation exposure is obtained from the TLD.

Dosimetry devices are worn on the trunk of the body, normally at the waist or chest. In
some special situations additional dosimeters are worn at other locations, for example
on the hands, fingers, or head.

Discrepancies between TLD and pocket dosimeter measurements are investigated.
These investigations include making independent, best estimates of the worker's
exposure using such methods as time spent in the specific radiation area and
comparing the estimates with the TLD and pocket dosimeter measurements to
determine which measurement is the more accurate.
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In 1974, the conversion from film badges to TLDs for measuring radiation exposure was
completed. Before 1974, film packets like those used for dental x-rays were placed in
holders designed to allow differentiating between types of radiation. The darkness of
the processed film was measured with a densitometer and converted to units of
radiation exposure. When the first personnel radiation exposures were measured in the
Naval Nuclear Propulsion Program, there already was widespread photodosimetry
experience in the Navy and precise procedures existed to provide reproducible results.

Each film badge was clearly marked with a name or number corresponding to the
individual to whom it was assigned. This number was checked by a radiological
controls technician before a worker entered a high radiation area. In high radiation
areas every worker also wore a pocket dosimeter, which was read by radiological
controls personnel when the worker left the area. At the end of each month when the
film badges were processed, the film badge measurements were compared with the
sum of the pocket dosimeter readings. The film badge results were, with few
exceptions, entered in the permanent personnel radiation exposure records. The few
exceptions where film badge results were not entered into exposure records occurred
when material problems with the film caused abnormal readings, such as film clouding.
In such cases, a conservative estimate of exposure was entered.

Results of numerous tests conducted by shipyards under the same conditions that most
radiation exposure was received showed that film measurements averaged 15 percent
higher than actual radiation exposures. This was a conscious conservatism to ensure
that even in the worst case, the film measurement was not less than the actual radiation
exposure. Film response varies with the energy of the gamma radiation. The
calibration of the film was performed at high energy where the film has the least
response to radiation exposure. Radiation of lower energies corresponding to scattered
radiation from shielded cobalt-60 caused the film to indicate more radiation exposure
than actually present.

Data gathered in over 20 years of neutron monitoring aboard ships using neutron film
badges demonstrated that the monitored individuals did not receive neutron exposure
above the minimum detection level for neutron film. Naval nuclear-powered ships and
their support facilities now use lithium fluoride TLDs to monitor neutron exposure of the
few personnel exposed to neutron sources, such as for radiation instrument calibration
and for reactor plant instrumentation source handling. These measured neutron
exposures have been added to gamma exposures in the total whole body radiation
exposure in this report; but because neutron exposures are so low, the radiation
exposures in this report are almost entirely from gamma radiation.

Monitoring for beta radiation is not normally required, because betas cannot penetrate
the metal boundaries of the reactor coolant system. Beta radiation needs to be
considered in maintenance or repair operations only when systems are opened and
personnel are close to surfaces that have been contaminated with radioactive corrosion
products from reactor coolant. In these cases anticontamination clothing, faceshields,
or plastic contamination control materials effectively shield the individual from beta
radiation of the energies normally present. Support facilities routinely provide such
materials to eliminate beta radiation exposure.

Monitoring for alpha radiation is not a normal part of operation or maintenance of naval
nuclear propulsion plants. However, alpha monitoring is sometimes necessary to identify
radon daughter products naturally present in the atmosphere.
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Physical Examinations

Radiation medical examinations have been required since the beginning of the Naval
Nuclear Propulsion Program for personnel who handle radioactive material or who could
exceed in 1 year the maximum exposure allowed to a member of the general public
(i.e., 0.1 rem). These examinations are conducted in accordance with the Navy's
Radiation Health Protection Manual (reference 10). In these examinations the doctor
pays special attention to any condition that might medically disqualify a person from
receiving occupational radiation exposure or pose a health or safety hazard to the
individual, to co-workers, or to the safety of the workplace.

Passing th