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On

U.S.Nuclear Powered 1/Varship(NPVV)Safety

l.    Cornrllitments of the U.S.Government aboutthe Safetv of U.S.NPWs

U.S.Nuclear Powered Warships(NPWs)haVe safely operated for more than 50 years

without experiencing any reactor accident or any release of radioactivity that hurt human health

or had an adverse effect on rYlarine life. Navalreactors have an outstanding record of over

134m‖ 1lon m‖es safely steamed on nuclear power, and they have amassed over 5700

reactor―years of safe operation,

Currently,the U.S.has 83 nuclear― pOwered ships:72 submarines,1 0 aircraft carriers

and one research vessel.These NPWs make up aboutforty percent of malor U.S.naval

combatants,and they visit over 1 50 pOrts in over 50 countries,including approxirnately 70 pOrts

in the U.S.and three in Japan.

Regarding the safety of NPWs visiting」 apanese ports,the U.S.Government has rnade

firrn cornmitments including those in the Aide― Memoire of 1964;the Statement by the U.S.

Government on Operation of Nuclear Powered Warships in Foreign Ports of 1964; the

Aide…Memoire of1967:and the Memorandunl of Conversation of 1968. Since 1964 U.S,NPWs

have visited」 apanese ports(1.e.,Yokosuka,Sasebo and White Beach)rnOre than 1 200 tirlles.

The results of rnonitoring in these ports conducted by the(3overnment of」 apan and the U.S.

Government,respectivelン L demonstrate thatthe operation of U.S.NPWs does notresultin any

increase in the general background radioactivity of the environment.The U.S. Government

states that every single aspect of these corllrnitments continues to be firrnly in place.

Particularly the U.S.Government conttrrrns that a‖ safety precautions and procedures fo‖ owed

in connection with operations in U.S.ports vvi‖ be strictly observed in foreign ports,including

」apanese ports. Also,the U.S.Government notes here thatits conlnlitrnents are supported

by concrete measures that ensure the safety of U.S.NPWs and that are continuously being

updated and strengthened.

2.    Naval Reactor Plant Design

A‖ U.S.NPVVs use pressuttzed water reactors(PWRs).PWRs have an established

safety history,their operational behavior and risks are understood,and they are the basic design

used for approxirTlately 600/O of the cor71rnercial nuclear power plants in the vvorld.

The mission that naval reactors support is different from the mission of corllrllercial

reactors. A‖ NPWs are designed to survive、 ″artime attack and to continue to fight while



protecting their crews against hazards. They have we‖ ―developed damage control capabilities,

redundancy,and backup in essential systems. ln addition,to supportthe rnission of a warship,

navalreactors are designed and operated in such a way as to provide rapid powerlevel changes

for propulsion needs,ensure continuity of propulsion,and have long operationallifetimes

(Current naval reactor cores are designed such that aircraft carriers are refueled iust Once in the

life ofthe ship and submarines never have to be refueled). 丁hese are the signiflcant differences

between NPW and cornrnercial reactor missions. Also,the factthat operators and crews have

to‖ ve in close proxirnity to the nuclear reactor requires thatthe reactor have redundant systems

and comprehensive shielding and be reliable and safe. Forthese reasons,naval reactor plant

designs are difFerent frorn corYlrrlercial reactors,which results in enhanced capab‖ ity of naval

vessels to operate safely under harsh battle conditions,or even rnore safely during peacetime

operations.

丁here are at least four barriers that work to keep radioactivity inside the ship,even in

the highly unlikely event of a problem involving the reactor. 丁hese barriers are the fuelitself,the

a‖―、〃elded reactor primary system including the reactor pressure vessel containing the fuel,the

reactor compartment,and the ship's hu‖ . Although cornrnercial reactors have sirYl‖ ar barriers,

barriers in NPWs are far more robust,res‖ ient and conseⅣ atively designed than those in civilian

reactors due to the fundamental difFerences in rnission.

U.S.naval nuclear fuelis solid rnetal. The fuelis designed for battle shock and can

withstand combat shock loads greater than 50 tirnes the force of gravity vvithout releasing

fission products produced inside the fuel. This is greaterthan 10 tirnes the earthquake shock

loads used for designing U.S.corYnmerCial nuclear power plants. Vピ ith the high integrity fuel

design,fission products inside the fuel are never released into the primary coolant. This is one

of the outstanding differences frorYn COrYlrnercial reactors,which norrna‖ y have a sma‖ amount

of lssion products released from the fuelinto the primary coolant.

An all―welded primary systern provides a second substantial metal barrierto the release

of radioactivity. This system is forrned by the reactor pressure vessel,which is a very robust

and thick rnetal component containlng the reactor core,and primary coolantloops. 丁hey are

tightly and firmly welded to stringent standards to constitute a single structure that keeps

pressurized high temperature Rlvater v宙 thin the system. 丁he primary systern coolant pumps are

canned motor pumps,which means they are completely contained、〃ithin the a‖ …welded primary

system metal barrier. No breach in the primary boundary is needed to powerthe pump;the

pump is operated frorFl outside by the force of an electromagnetic field. No rotating parts with

associated packing seals penetrate the metal barrier. While the design ensures that no

measurable leakage takes place from this primary system,it should be noted thatthere is only



a very sma‖ amount of radioactivity within the primary coolant. As explained above,there are

no fission products released from the fuelinto coolant. 丁he rrlain sources of radioactivity in the

primary coolant are trace amounts of corrosion and wear products that are carried by reactor

cooling water and activated by neutrons when the corrosion products pass by the reactorfuel.

The concentration of radioactivity(Becquerels per granl,Bq/g)frorYI SuCh activated corrosion

products is about the same as the concentration of natura‖ y occurring radioactivity found in

cornrnon garden fert‖ izer.丁 he U.S. Navy monitors radioactivity levels in the reactor cooling

water on a da‖ y basis to ensure that any unexpected condition would be detected and dealt

with promptly.

The third barrier is the reactor compartrnent. 丁his is the specia‖ y designed and

constructed high― strength compartmentvvithin which the a‖ …、〃elded primary systenl and nuclear

reactor are located. 丁he reactor compartrnent would hold back the release of any primary

coolant system liquid or pressure leakage in the event a leak were to develop in the primary

system The fourth barrieris the ship's hu‖ . 丁he hu‖ is a high― integrity structure designed to

withstand significant battle damage. Reactor compartments are located、 〃ithin the central,rnOst

protected section ofthe ship.

The U.S. Naval Nuclear Propulsion Prograrn has a dual agency structure、 〃ith direct

access to the Secretaries of Energy and Navy. The Program is responsible for a‖ aspects of

U.S.naval nuclear propulsion,including research,design,construction,testing,operation,

maintenance,and ultirYlate disposition of naval nuclear propulsion plants. None ofthese

activities can be undertaken without the approval ofthe Program.

Furthermore,the U.S.Nuclear Regulatory Commission and the Advisory Committee on

Reactor Safeguards independently revieⅥ′each ofthe Navy's reactor plant designs. These

organizations have concluded that,in rnany areas,military requirements have led to features

and practices that meet obiectiVes that are more demanding than those necessary for commercial

nuclear reactors.After rigorous reviews,the U.S.Nuclear Regulatory Conlmission and the

Advisory Cornrnittee on Reactor Safeguards have concluded that U.S.NPWs can be operated

without undue risk to the health and safety ofthe public.

3.    Naval Reactor Operation

Operation of naval reactors is also different from that of corrlrnercial reactors because

ofthe different purpose they seⅣ e. First,naval reactors are sma‖ er and lowerin power rating

than typical civ‖ ian reactors. The largest naval reactors are rated atless than one― fifth of a

large U.S.cornrnercial reactor plant. Also,naval reactors do not norrna‖ y operate atfu‖ power.

The average poWerlevel ofreactors on nuclear… powered aircraft carriers overthe life ofthe ship



is less than 150/O of their fu‖ rated power. ln contrast,cornrnercial reactors norrna‖ y operate

nearfu‖ power.

Second,the naval reactor powerlevelis primarily set by propulsion needs,and not by

the ship's other sepψ ice needs,which are also powered by the reactor but require a sma‖ fraction

ofthe power required for propulsion. Consequently,reactors are norrna‖ y shut down shortly

after rnooring and they are norrrla‖ y started up only shortly before departure,since only very

lovv poweris required for propulsion in port. VVhile in port,electric powerfor service needs is

provided frorn shore power supplies. 丁his has been and、 〃i‖ continue to be the case for NPWs

in」 apanese ports where sufFicient shore poweris ava‖ able.

From these two facts alone,it fo‖ ows thatthe amount of radioactivity potentia‖ y available

for release fronl a reactor core of a U.S.NPW moored in a portislessthan about one percent of

that for a typical corrlrnercial reacton A large fraction ofthe fission products that are produced

during the operation of the reactor,and are of concern for human health,decay away shortly

afterthe reactoris shut down.

4.    Radiation ExOosure to u.s.Personnel Associated with NPWs

With the four barriers to the release of radioactivity and comprehensive shielding,U.S.

Navy reactors are so effectively shielded and radioactivity is so contro‖ ed that a typical NPW

fleet crew member receives significantly less radiation exposure than a person would receive

from background radiation at home in the U.S. in the same period. This is due to the

comprehensive shielding bu‖ tinto the ships and the absence of radiation from the earth itself,

most notably from radon,while the NPW is deployed.

丁he average exposure per person rnonitored in the Naval Nuclear Propulsion program

has been on a downward trend forthelast 24 years. Forfleet personnel,the average exposure

per person in 2004 is O.038 rem (0.38 rYnSV),While the annual average overthe 25 years since

1980 is about O.044 rem(0.44 rnSv),

For comparison,this average annual exposure of O.044 rem (0.44mSv)since 1 980 is:

o  less than l percent ofthe U.S.Federal annual worker‖ rYlit:5 rem (50 rnSv)

o  approxirnately one―third the average annual exposure of corrarYlercial nuclear power

plant personnel: 0.109 rem (1.09msv).

o  approxirnately one… fourth of the average annual exposure received by U.S.

corYlrnercial airline flight crew personnel due to cosrnic radiation:0.1 70 rerTl(1.7

mSv)

・   less than 1 5 percent ofthe average annual exposure to a rnember ofthe population

in the U.S.from natural background radia」 on:approximately O.3 rem(3.O mSv).



o  less than the difference in the annual exposure due to natural background radiation

between Denver,Colorado and Washington,DC:0.070 rem(0.7mSv)

5.    Waste Disposal and Maintenance

As is the case for cornrnercial reactors,the operation of naval nuclear reactors involves

creation of‖ quids containing low levels of radioactivity. ln the case of corrlrYlerCial reactors,

low― level radioactive liquids are routinely discharged as part of plant operation within lirnits

established to ensure thatthere is no significant effect on the environment or on public health.

For U.S.NPVV reactors,extensive efforts have been taken to control routine discharges strictly

so as to rninirnize the amount of radioactivity released.

U.S. Navy stringently controls NPW effluent discharges in such a way that is who‖ y

consistent vvith」 apanese as we‖ as established international standards,including those issued

by the lnternational Cornrrlission on Radiological Protection. SpeCifiCally U.S.po‖ cy prOhibits

discharge of radioactive liquids,including primary coolant,from U.S.NPWs within 12 rniles of

shore, including in 」apanese ports.  Forty years of U.S. and Japanese environmental

monitoring confirrn that U.S. NPW operations have had no adverse effect on human health,

marine life, or the quality of the environment.  Solid wastes are properly packaged and

transferred to U.S.shore ortender facilities for subsequent disposalin the U.S.in accordance

with approved procedures. U.S. NPWs have not discharged derllineralizer vvaste(1.e., 10n

exchange resins used for purification)intO the sea for over 30 years.

The U.S.corrlrYnitment expressed in the 1 964 alde― rnemoire regarding fuel change and

repair remains absolutely in place. Fuel change and reactor repairs are not perforrYled in foreign

countries. Fuel change can only be accomplished、〃ith proper specialized equipment and in

fac‖ ities authorized by the U.S.Naval Nuclear Propulsion Progranl,which are only located in

the United States.

6.    lrnpact on the Environment

The robust and redundant design,relatively low power operation history particularly in

pOrt(typica‖ y shut down),and Very strict control of radioactive waste a‖ contribute to the fact

thatthere has never been a reactor accident nor any release of radioactivity that has had an

adverse effect on human health,marine life,orthe quality ofthe environmentthroughoutthe

entire history ofthe U.S.Naval Nuclear Propulsion Program.

Since 1971,the total amount oflong― lived ganlrna radioactivity released each year

within 1 2 rvl‖ es fronl shore frorn a‖ U.S.naval nuclear¨ powered ships and their supportfacilities,

∞ mbined,has been less than O.002 cutte(0.074 GBq):thiS includes all harbors,both U.S.and



foreign,entered by these ships. As a measure ofthe significance ofthese data,this amount of

radioactivity is less than the quantity of natura‖ y occurring radioactivity in the volume of saline

harbor water occupied by a single nuclear― powered submarine,and less than one tenth ofthe

quantity of radioactivity natura‖ y occurring in the volume of sa‖ ne harbor water displaced by a

single aircraft carrier. 丁his rneans that a U.S.NPVV releases farless radioactivity than exists

natura‖yin the comparable volume ofseawater. ln addition,even exposure to the entire amount

ofradioactivity released into any harborin any ofthe last 34 years would not exceed the annual

radiation exposure perrnitted for an individual worker by the U.S.Nuclear Regulatory Cornrrlission.

One typical U.S.cornrnercial nuclear power plant vvi‖ ,safely within its operationallicense lirnits,

annua‖ y discharge over one hundred tirnes the amount oflong… lived ganlma radioactivity

released within 12 m‖ es frorrn shore by a‖ ofthe U.S.NPWs and their support facilities.

Furthet as a rneasure of how stringently the Navy's policy is applied even on the high

seas outside of 12 rn‖ es fronl shore,the entire fleet of U.S.NPWs co‖ ectively released less

than O.4 curie(14.8 GBq)of10ng― lived garnrYla radioactivity in each year since 1 973. This total

is sti‖ less than the amount of radioactivity a single typical U.S.cornrnerciai nuclear power plant

is perrnitted to release in a year by the U.S.Nuclear Regulatory Conlmissiono Such low levels

of radioactivity released on the high seas have not had any adverse effect on human health,

marine life,orthe quality ofthe environment.

No national orinternational standard requires that the level of radioactivity released by

nuclearfacilities be as low as this level. 丁he stringent efforts ofthe U.S.Navy tO implementthis

policy have ensured thatthe operation and servicing of U.S.NPWs do notresultin anyincrease

in the general background radioactivity ofthe environment.

7.  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 warships. ln the U.S.,quarterly

sedirnent,vvater,and rnarine life samples are obtained fronl harbors where ships have operating

bases or are serviced. 丁he results ofthis rYlonitoring are reported annua‖ y and are also shared

with the Government of」 apan.Sirn‖ arly in Japan,the U.S.Navy takes quarterly sedirnent,

water,and marine life samples from Sasebo and Yokosuka harbors,and Nakagusuku Bay on

Okinawa.

This monitoring shows that radioactivity in the harbor environment has not increased

above natural background levels as a result of the operations by U.S. NPWs, and that

nuclear―powered、〃arship operations have had no discernable adverse effect on human health,



marine life or the quality of the environment. The results ofthe environmental samples in

」apanese ports are provided annua‖ y in a reportto the Government ofJapan.

丁he U.S.Government understands that,since 1964,the Government of」 apan has

independently taken sirYlilar environmental samples in Japanese ports with comparable results,

showing no discernable impact on the environment,human health,or marine life.

8.    Emergencv Preparedness‐ Defense in Depth

Due to the four barriers in place in U.S.NPWs,it is extremely unlikely that radioactivity

would ever be released from the reactor core into the environment. For additional assurance,

however,U.S.NPWs have rYlultiple safety systems to prevent problems fronl happening and

expanding.

The a‖―welded primary system is designed with a zero― leakage design criterion that

a‖ ows NPWs reactor operators to deterrrnine quickly ifthere were even a very very sma‖

primary coolant leak and take prompt corrective action before it could lead to additional

problems.

Furthett U.S.NPWs have a failsafe reactor shutdown systern,which brings about reactor

shutdown very quickly,as we‖ as other rnultiple reactor safety systems and design features,

each of which has back― ups. ノヽrnong these is a decay heat― removing capab‖ ity which depends

only on the physical arrangement ofthe reactor plant and on the nature of wateritself(natural

convection driven by density difFerences),nOt On electrical power,to cool down the core. Also,

naval reactors have ready access to an un‖ mited source of seawaterthat can,if ultirnately

necessaryJ be brought on board for emergency cooling and shielding and would remain on the

ship. A‖ reactors on U.S.NPWs are located in robust compartments and have rnultiple ways of

adding vvaterto coolthe reactor. 丁hese rnultiple safety systems ensure that,even in the highly

un‖ kely event of rnultiple failures,naval reactors vvould not overheat and the fuel structure

would not be damaged by heat produced in the reactor core. Thus,it、 〃ould require virtua‖y

incredible accident conditions,where these safety systems and their back― ups a‖ fa‖ ,to cause

a release offission products from the reactor core to the primary coolant.

丁he NPW crew is fu‖ y trained and fu‖ y capable to respond irnmediately to any

emergency in the ship. Naval operating practices and emergency procedures are wen defined

and rigorously enforced:and the individuals are both trained for dealing with extraordinary

situations and subiect tO high standards of accountab‖ ity. Also,the fact that the crew lives in

such close proxirrlity to the reactor provides the best and earliest rF10nltoring of even the

sma‖ est change in plant status. 丁he operators become vё ry attuned to the、 〃ay the plant

sounds,sme‖ s,and feels.



ln the extremely unlikely event of a problerrl on board involving the reactor plant of a

U.S.NPW visiting」 apan,the U.S.Navy、 〃ould initiate actions required to respond and could

ca‖ on other U.S.national response assets if necessary. Wh‖ ethe U.S.Government wi‖ keep

the Government of」 apan inforrlled wh‖ ethe U.S.is responding,the U.S.Government vvi‖ not

require assistance from the Government of」 apan to respond to an affected NPW.

Because ofthe rugged design ofthe reactor plant,rYlultiple safety systems,and fu‖ y

trained and capable crew,the safety of U.S.NPWs is extremely high. ln orderfor an accident

that affects the operation ofthe ship or the crew to happen,the ship rnust sirnultaneously

experience numerous unrea‖ stic equipment and operator failures. Even though such an

accldent scenario is very unreanstic,the U.S.NPWs and their support facilities are required to

sirnulate such situations as they conduct rneaningfultraining on highly unlikely reactor accident

scenarios.

With such a defense― in…depth approach,even in the highly unlikely event of a problem

involving the nuclear reactor of a U.S.NPVゾ ,a‖ radioactivity from the fuel would be expected to

remain inside the ship.

9.    Potentialfor Release of Radioactivitv during a Highiv unlikeiv Accident Scenario

AIl ofthe above discussion leads to the conclusion thatthe likelihood of an accident

resulting in radioactivity from the nuclear reactor core itself being released from the ship to the

environmentis extremely sma‖ . HoWever,the U.S.Navy never disrrlisses such an accident

scenario as something that does not deserve serious consideration. 丁he U.S.Navy has rnade

thorough studies oni what could bring about a release of radioactivity from the ship during

highly un‖kely accident scenarios, what effect such a release could have on the

environment,and what emergency plans、 〃ould be required for such a situation.

To getinto the environment,fission products、 〃ould have to pass through each ofthe

four barriers:the fuel,the a‖ ―、〃eldё d reactor primary systerYl,the reactor compartment,and the

ship's hu‖ . Also,it would require that a‖ reactor safety systems and their back― ups rnalfunction.

Furthet it would require thatthe fu‖ y trained and very capable crew could notreactto and control

the situation. lf a‖ ofthese abnorrnalities took place sirnultaneously in a highly unlikely accident

scenario,then a U.S.NPVV could pOtentia‖y release fission products to the environment. ln

other words,such an accident would be possible only in a very unrealistic situation of rnultifold

and SirYlultaneous errors and rrnalfunctions. Nevertheless,the U.S.Navy does prepare for and

testits response to sirnulated highly unlikely accident scenarios.

As was stated by the U.S.Governmentin the 1967 aide… rYlemOire,based on a detaned

and conservative safety analysis in which the rnaxirnurn credible accidents resulting in the



release of radioactivity are assumed,nuclear… powered warships do not represent unreasonable

radiation or other nuclear hazards to the civilian pOpulation in the neighborhood oftheir rYlooring

locations. Even in these highly un‖ kely events,the rYlaxirYlum possible effect of the predicted

amount of radioactivity released hA70uld be localized and not severei the effect would be so

sma‖ that the area、〃here protective actions,such as sheltering,would be considered at a‖

would be very linnited,and only in the inlrrnediate vicinity ofthe ship and we‖ 、〃ithin the U.S.

Navy basesin」 apan. This statementis based on existing thresholds for public protective actions

set by the U.S.Federal Government,and is equivalent or rnore conseⅣ ative than the existing

guidelines set by the lnternational Atomic Energy Agency(IAEA)for similar emergencies.

A number of factors contribute to keep the effect of such a highly unlikely accident

localized and not severe. First,fission products in the fuel would not be directly and irnrnediately

exposed to the atrnosphere. 丁he fission products、〃ould first have to pass through the four

barriers. Even in a very unrealistic situation where radioactivity passed through a‖ four barriers,

the amount of radioactivity for pOtential release、″ould be significantly reduced after passing

through each successive barrier. 丁his rlleans that the amount of radioactivity eventua‖y

released from the ship during an aё cident would be only an extremely sma‖ portion of what

could have been released into the primary coolant.

Second,the process through、 〃hich radioactivity would be potentia‖ y released from the

ship would not be a short… time eventlike an explosion. lt would take a long tirrle for radioactivity

to pass through the four barriers. The high¨ strength reactor compartment and ship's hu‖ would

restrictthe rYlovement of radioactivity such thatthe radioactivity could not be released in a short

tirne period through an explosive― like force.

丁hird,since it would take a long tirne for radioactivity to pass through the four barriers,

there would be sufficient time for the crew to respond to the problern and mitigate potential

consequences before any radioactivity reached the outside ofthe ship. Also,a large fraction of

the fission products that are produced during the operation ofthe reactor,and are of concern for

human health,decay away shortly afterthe reactoris shut down and before theソ could pass

through the four barriers.

The process described above is tota‖ y different frorYn an atonlic bomb explosion. lt is

physica‖y impossible forthis type of nuclear explosion to occurin a land¨ based corrlrllercial

reactor or naval nuclear propulsion reactors.

10.Emergencv Planning
As explained above,areas outside of U.S. Navy bases in」 apan should not have to

irnplement any protective action whatsoever, even in the highly un‖ kely event that some



radioactivity escaped frorn the ship.  cOnsequently, the U.S. Government considers that

existing Japanese emergency plans for responding to natural and industrial disasters such as

earthquakes and chernicaltransportation accidents are sufficientto deal with any highly unlikely

event on a U.S.NPW. ltis important to note that there are no NPW― specific plans for public

protective actions,such as sheltering,evacuation,or distribution of potassium iodide, in any

U.S.port where NPWs are homeported or maintained since itis not required for pub‖ c safety.

丁he fact that U.S. NPWs can be moved is a safety feature that is not available to

land― based nuclearfac‖ ities. Given the factthat no public protective actions vvould be required

for areas outside the Navy facility even in the highly un‖ kely event of radioactivity escaping from

the ship,itis hard to imagine a situation in which the ship wOuld have to be rlloved from the port.

Nevertheless,the ship can be rnoved using its own propulsion power or assisted by tugboats as

necessary,if it is deemed appropriate. Any action to rrlove an afFected NPW would be taken

after consultation with the Government of Japan.

11.:ndemnitv

Regarding iudiCial actions arising out of a nuclearincidentinvolving the nuclear reactor

ofa U.S.NPW,where the Status of Forces Agreementis not applicable,the Public Vessels Act

(PVA)and SuIS in Admiralty Act(SIAA)apply and waive U.S.sovereign immunky.The
authority to pay adrninistrative claims and iudgments under 42 U.S.C.§ 221l supplements the

PVA and SIAA by perrnitting adrrlinistrative clairns settlements using a no― fault standard. There

is no statutorylirnit on the amount of compensation that may be paid in the event of a U.S.NPW

nuclear reactor incident.
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