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ABSTRACT

This report assesses the environmetnetsal ef fec
iginating from U.S. naval nucl ear propul sio
taHl ilvedg gamma radioactivity in |iquids disc
I navapoweurcelde asrhi ps and supportimigpyemnder s,
s |l ess than2230 2p ucturtihei si nsmall quantity of
r ective, it iIis |l ess than the quantity of

l i ne harbor water -pocwepee@ds,blyonar ismen gd lea mt
turally occurring radioaxdrieeThay®paoart he t
rms that procedures used by the Navy to
pwoawlega&rd shi ps and sthhaevier nsou p phaardt afna aidlvietr
man health or the.quahetg pfotbdueasi han
no member of the gener al public has rece
|l t of operadt iNurcd eafr tRjrremptidw i on Pr o
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The successful radi ol ogi cal deactivation and
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SUMMARY

The radioactivity in materials piscsussieded n
water reactors ofpoweSednasvhalpsnuzWAizsatolietleSend
Navy 7h0adc |l-pecoawer ed sublmarcil-eeawer ed aircraft carr

3moored trainengtsbhps Fmacopities involved 1n
overhaul, and refueling of these nuclear prop
tender sinxaarmd bases. Thmanagepoé¢nr descacbiege |
transportatisah @&@mdsdil $spf wastes, and monitorin
determine the effect of radioactive releases,
by the Navy ltnhrroéufgehe Eaecensces ar3) .l i sTtids orne par
concludes that radioactivitypaweonedaskdpsi has
no discernible effect on the qualriadyi oolfo gtihceale
i nfor matoiran nsgupphi s conclusion foll ows:

From the start of the Naval Nucl ear Propul si
has been to reduce to the minimum practicabl e
into h&ibaocestlhoer 1t,o0t avedoggmma radioactivity r ¢
within dRfBhmréeesrom all -pJoBeredvahi mschmradrt hei |
facilities has been | ess than 0.002 curie; th
entered dlyi ghese

As a measure of t
r

i gnificance-l ofetthese da
gamnraadi oacti vity e t hi

he s n a

el eased withib¥yleairsi |l essof
f naturally oe®clhraribong mwadie
d
-

than the quantity o

occupied by apewege ga.uUubdmatrme quantity of nat
radioactivity in thacrep lhidtddh iowfn,s aifl omre & ehlras
to drink the entire amounot aonfy rhaadribooarc tiinviatnyy do
533 ears, that person would not exceed the annu
Nucl ear Regul atory Commuelbkwoarnk efror an i ndividu
Environment al monitoring is conduoatbadrbgrshe
frequented by Up&wenaddhhispsnomart oring consi st
harbor sedi ment, water, and marine |ife sampl
nucl ear propul sion plants; radi astuipopnornmo nfiatcarlii
and effluent monitoring. Environmental sampl
checked at | east annually by a Department of

procesduarree correct and standardi zed.

|l ndependent emowiirtoonrmengt ehlas been conducted b

Protection Agency in U.S. harbors during the
these extensive, detailed surveys have been c
surveys have againaovanf inpmweragdashUpS. and sup
facilities have had naidiaxcadarvnitlyl e fe ft fheec te novn r



This report and other reports produced by the Naval Nuclear Propulsion Program
are available online at:

https://www.energy.gov/nnsa/articles/naval-reactors-annual-reports



RADI OACTI VE LI QUI D PROCESSI NG AND CONT
Policy and Procedures Minimizing Release of R

The policy of the U.S. Navy is to reduce to

radioaelteaseg vto the environment, particul arl:
policy is consistent with applicable recommen
Counci l (incorporated into the Environment al

Regul ad mmiys £i on, Nati onal Council on Radiati ol
Il nternational Commi ssion on Radiological Prot
Agency, and Nati onald Neacta dennayl oRfe sScairechrhc €Csounc i |
t hr olugg.h Keeping releases small mi ni mi zes the
the environment or to concentrate in marine |
rel eashes Navy has issued standard instructions

and procedures to be upedebgdUsBi ppaaald thhbele
facilities.

Source of Radioactivity

Il n the shipboard reactors,opglestshue i zeac twarn ec

picks up the heat of nuclear reaction. The r
closed piping system to heat exchangers, whic
secondary steam system i sol ated sftremam titse tghreinm
used as the source of power for the propul sio

When reactor cool ant water expands as a resul
temper atrugseul ttihnego oel xacnets spasses t hr oeusgihn abne d ofnor
purification before being transferred to hold

The princepfalr adiuocaxet i vi tayrter aclei amodneésf lofien
acti cwaotreddsi on and wear products from reactor
reactor teoli n®adaonulcilviedse so fwiaphp rhoaxlifmat el y or
in these corrosion and wear7,prchdéwani ¢ aif 8k luund e
i -5 5,0 nn6i 3,k enl i-905b,i uzm OGgnitwth8 2] umangygdénese

i r-6a,
zi®¥&6gnt iydd2ne 0o b-&Bt and6 Tohbealmost predominant of
cob-60wi ah hlailffe of 5. 36@ealrso h&® bahé most rest
concentration | imit in water (as I|listed by or
referéac&fsor these corrosion and wear-60aids onuc
the primary radionawdli dreuolfearntprreepul Sioan npl ar
Radi oactmovdlyommequi d at Shore Facilities
Radioactive |iquids at shore facilities are
pumped through a processing system to remove
tritium) prior to cololtemttiicElv erme uasf ecd re apr d @ Ks |
approxi manieclryocluor i es of gamma radioactivity pe
di scharged to suRirgpowmelilngshwawsra .si mpl i fied bl



l iquid processing sstysstogm,pawhiicchulcaadnes fi |l ter s,
filters, mixed hydrogen hydroxyl resin, and c
processing system has been developeduahdtysed
water containingtyetgvebwqualhbowchi ghhessed wai
either r et urpnoewde rteod nsuhcilpesaror evaporated.
Liquid Releases in Harbors

The tot al amoved glammangadi oactivity rel ease
within 12 miles ofhasnh oOr.ed Oh2a sc ubreieen dlUerdi shagr £.ac h
This total is for rel e;psvessr €d osthiUp sS.a mda vfarl o m ut
shipyards, tenders, and submarine bases, and
U.S. and oversreald. a.ndarad | f omorthiegn ports that we
nuclpower ed ships.

To put this small quantity of radioactivity
amount of natwurally occurring radioactivity <c
watreoccupi ed by -paowe rnegd es ,unbumea rdidme quantity of
occurring radioactivity-acnur e hleott.op inch of so

Shottved Radi onucl i des

Reactor cool ant -hi $edcpoadtanonaslcibvhedse sosfw itstoehc ohnadl
: Their highest concentratiléng¢7i seceadt
e),-18i (lo6gennudteed N8I flhbbu& Addlef)-41ar gon

r -l hdalefld man gbabn e(s2e. 6 -lhiofuer) .h aldfotr Itiheed omfg

, about a day after discharge from an op
uced-t houeaadth of the i1 nitiawdayncteme rrati o
concentration tmd |l eGaemnsha q uteneosineel s vardtomaicl | des

- Cc

hour s
ha-l ff
(1h8u
t hese
red

are not i mportant for I|liquid release consider
Fission Product Radionucl i des

Fission products produced from fuel in the r
gases krypton and xenon, are retatnadewithin
guantities of naturally occurring uranium i mp
release small amounts of fission products to
fission products and the volumes of [ etaltdator ¢
the total radi oacdiiwiedy fatstsi iomutpeddtuct!| omgi on
only a small fradtiverd a@fa mmuae rtadti alacltanwgty r el
el sewhere in this report.



Tritium

Tr

tium i s a radioactive isotope of hydrogen
tor cool ant systems when nevwtdomacitnmtver ac
ope ofwhiyah oigse nna taunrda Igloymapreaus e t. 015 perce
0 g e n saetaowrast eirn. Al t hough -tirfie i afm HdDeypedray.e
ation it produces is of such | ow energy a
, the safety gui delalneCGo mnsissuseido nb yo nt hRea dlinotl
ection, t Nati onal Council on Radiati on
ear Regul ory Commi-ssestitoinng aangle mod iheesr pse rami
ence of 1 t i mes -6a0s. muTchhp rtordiutti eudnmbays ncaovbaal
t [
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Tritium occurs nmamemtal | yenear dathed emwicosmi c r
t mosphere. Accdr/fdscmgct nadebderenaperlddwne < uahb
f tritium per year. This means thatriteheraef i
ritium at any given time, about 45 milll.i on <c
n comparison, the amount of tritium released
ucl-ppcawer ed ships and trbsei rb asswepp o ratnidn ¢ hti eprydae d
een tlheasns 20®amcdirviestual 'y all of that was r el
2 mitem shore. This amount is | ess than the
nvironment by a B¢ngder gpowarteiracd Q(l r enfFaurr & rheee
t it
[ S

c
a
S
u

mount of ium in water rel eased within 12
owered sh and their support facilities 1is

T O9DPHLT S — O QD

r
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Because the amounng onfatturialiluym ionc ctuhrer ienvi r on
amount produced by U. S. naval reactors is too
the environment . Therefore, tritium has not
h

adionuclides in this report.

-

Car b-b4h

Cabdam is also formed in small quantities in
tron interactions withlaideoagys -lvairftdh aaf ylgeelnf
30 yearsnerqQrl peltawr adi ation is emeétted du
[ ctivity concenld4aitnontguchkhdemi tak tarmon
I onal Commi ssion on Radiological Prot
and Measur ement sCo mrhies sUi. dSre,r Naurcd eaatrt

[
0
i g organimasilbobinghar e6@8&®&ntfor cobal't

n
i n

Car blodh occurs naturally in the environment.
interactions with nitrogen and oxygen in the
n
[

carbomediacilodn i s chemically i di stinguishabl e
car bon. The carbon dioxide diffuses and conv



ent erBamdtclar bon cycl .0t Rted ® rHam@&@tda t b ea@aa-t H on
inventory is estimated to be about 250 millio
resides in the oceans. -14T hreelteoasaed d aamonuuna | loyf fcr
operation of al lpoWeS.ednaswvalpsnuwunldeddeh si,r basEesor
and shipyards has been | easrs Itehsasn t1lh0OaOn ctuhrei ensa,t u
car bBlodan production rate of 40,2000.0 cSuirn cee tphea iyre
of naturally -bdcusr siatgliasagebxptmr emel y unl i kel y t
naval nucl ear reactors could result in a meas
concentrati-bea. of carbon

Liquid Releases at Sea

Radioactive |iquids incidental to taree operat
released at sea under strict control s. These
recommendations the Council on Environment al

i n ref2lremmce consi stent witkselheckar ame Baotéed
Act, re2f2er emrcecedures and | imits for ocean r el
recommendati ons made by t he OJONMattiioonnaall AReasdesanryc h
Counci l i A larnedf ebrye ntchee | nt ernati onal Atlo2ni ¢ Ene
Navy releases have contained much | ess radioa
these reports. Songe edd §a,mmah ¢ atda toaalct i vi ty r
12 miles from shorepbwete&. shapal andcsepport i
been | ess than or equal to 0.4 curie per year
year in the opeamcesafatom o¢magpddi ait small amount
di sper sal conditiodsidud.t4ocwave actiless than
occurring radaoaclwavetydead yards on a side, o
naturally occurthegtopadioaoathiviolfeg spallf omo wurns el
Loss of USS THRESHER and USS SCORPI ON

Two U.S. napwawermeack |l wmbbmari nes have been | ost
Ocean. The submarine THRESHER sank on 10 Apr
Mai nwwater 8,500 & exsubmrareipne SJOORPMaOMN 1s%9%6n8& on :
40Mi |l es sout hwest of the Azores in more than
in all U.S. naval submarines and surface ship
hazards wvior drhmeretn even under the mastc!l suaedv enrge ¢
t he actual sinking of the ship. First, the r
i mpossible for it to explode |ike a bomb. Se
matieal s t hat are extremely corrosion resistant
could remain submerged Iin seawater for centur
while the radioactivity decays, since the pro
core®donly a few millionths of an inch per ye:
accident where the reactor is completely subm
remai ni ndefchandcltyhe radioactive material cont
Sshould not bertbéeeamad,mimer ate of release anc



radioactivity in the ocean, even iif the prote
woul d be so |l ow as to be insignificant

Radioactive materimdmctohil d tbepe edfeasealctfor o
el ements were actually to melt -weended mnr eaddiotri
system boundary were &@ omanypytpupret ectlTihee reacitoe
set égulfagdtngr es ar er elweesntg neendy tmelpt i ng of the f
FIl ooding of a reactor with seawater furnishes
and so provides added pr dt ectdiicom cag avien §ti stshheon

Radi ation measur ememmtts omwatean meamplsasnpl es,
collected from the area where THRESHER sank w
after the sinking and again in 1965 by wvariou
bottom sedi ment samples&s thaddea aealy SE€EORPOIONr a
Il n 1971983, 19 &60,l-lggempll9e&hxB,0f water, sedi ment,
were collected from nedm t1®g 9THRB &HEIRIgdvelb r1i99.8
samples of water, sedi mentted afnrdo nmamrd arre tlh & eS QW
debri s. None of these samples showed any evi
reactor fureleietlfenenTHRESHER or SCORPI ON.

Cob®I0t rel eased from both THRESHER and SCORPI
detect @oawl ¢ eatells i n the sedi men,t Buwithips ersmed t h

samples of water or mari66 kobheentThéi max mmam
sedi ment at either site during the 1998 surve
sampl esmuwehr el ess than this concetenahi ohe Thi
concentration of naturally oc€&€orrpegspadiouaet
per dsormdi et cont6di mdd tdhebanatxi mum concentration
sedi ment sonhhwobupdrreceive | ess than 10 percen
receivedurfalombaakground radioactivity.

SCORPI ON carried two torpedoes with nucl ear
Whil e the monitorin campaign wasgfohet hempaxp
from the nuclear reactor, sediment, water, an
SCORPI ON site in 1986 and 1998 were also anal
radioactivity concentrations andi sbeopebatwevwe
typical of background concentrations due to f
there is no evidence of | eakage of omlbwtaomrdi um
t hfu b mar i nieg amhke n

g
a
8

Summary informatiosuowvetylse ofadihel HIRESIHER ar
SCORPI ON sites was peBIl nhshéd83inthef dlbegcessue
unclassified reports of the radiological envi
SCORPI ON site24andf erfemecedavy al so released a
the environment al moni tor i n2ge c¢ olTnhdeu cctoendc |iuns i 109n9s
report conf i r mvtiba sr exnwli tr 0 narfe ng ra | monitoring



demonstrate that the THRESHER and SCORPI ON ha
the radioactivity in the environment.

SOLI D RADI OACTI VE WASTE DI SPOSAL

During maintenance and owleevhavubhdbpaechatvenwas

(consisting of contaminated rags, plasdic bag
scrap material s)U.aS.e mcaod dpteasve e @ df sdomps and t he
facilitiebev@dhesadl owcti vieednatt@rbal st raircet Iry qaic
prevent | oss. These controls include naval a
serialized tagging and marking and signatures

Table 1 summarizes the todfalr adiddeaoatcitvmerigol ia

di sposed of duringblbellastl bdgsaabkl waste ge
nucl-poawer ed sshuibprsar i men dt erhdeerlsi,st ed support fac
radioactive solid waasuwemllcg-poweneddsbyp¥d. Ss tra
the | isted facilities. The quantity of solid
particular facility depends on the amount and
Table 1 does not incluUasspbnedfueﬁloacbthe C
to Depart meftDOEfacEnaerngyys.

Figure 2 shows that the t-béaél anadiadbavbDi uenew
substantially reduced in the 1970powdesgite i
shps. This reduction was accomplished simulta
radlatlon exposure, &6 delshdrsi lreed uicrt iroenf ewraesn caec
several techniqgues, includingdaotogakcatowbakn
mi ni mi zes the spreadr aodfi oraacdtiiovaec tmavtietryi atlos ;n ouns e
and mockups to minimize rework; reusing rathe
use of radioactive |iquidmprecéesepliegi pnoockedpr.
media; use of efficient packaging to fully wus
|l icensed commerci al radi oactive waste inciner
recycling services; and sreearsapeanigalsodii dp avaaslt
radi oactive content fTrheem Itanate rwh iscsha ¢deo exsw erdortio y
and by use of sensitive equipment to detect r
concentration than thhs $oohdasnsaoaturabchkat e
bi ol ogi cal mat tl®r, (tsheues rreefgaurienoceg t he mat eri al
radioactive for waste disposal pur poses. Ma t
by this semisonieguidpmert can be disposed of a:
Chall enging goals are set by each shipyard to
to minimizingoft hwagteemeirmtnadi ol ogi cal wor k.

The annual volume of solid low-level radioactive waste disposed of at commercial
disposal sites in 2023 by U.S. naval nuclear-powered ships, submarine tenders, and
their support facilities, as shown in Table 1, could be contained in a cube measuring
about 18 yards on a side. If waste from the Surface Ship Support Barge (SSSB)



dismantlement (see discussion on bottom of this page) is subtracted, the cube is only 5
yards on a side. The total annual volume is typically less than 1 percent of the volume
of solid low-level radioactive waste buried at these sites in the States of Washington,
South Carolina, Utah, and Texas each year, combined (reference 28).

Solid radioactive waste materials are packag
as necessary, and shispepde dyt a hbeu rU.aSl. sNutcd se alri cR
Commi ssbwn Sdrate under agreement with the Nucl

Solid radioactive matpeorwearlesd fsrhoinp snadhvaavwes srecdt| edae
at sea since 1970, when trloéhiNMavwy nigs sweead dp rspoes
radi oactive material s. Shipyards and other s
di spose of radis®abyibersal i dnwakéier own sites

The dewel Radioactive Waste Pol ibclyi sAhmeesn dtnmeantt
the States are responsi bl-8t attée tbempaantds vifdoaral
for the di-bpuehlratlibawti ve wabBbOBE efdreomlpri vat
Government generators. Under thipobaWw, o&d was
waste from outside the compact.

The Northwest Compact site in Richland, Wash

Nort hwest and Rocky Mountain Compacts, which
and Haw@duly 20A0t8,anthiec i@GempactBas nwel |, Sout h (
restrictedudfcecmpact ogeMediastpparssal site in Clive
|l icensed by the State of Utah and is accessib
only licensed to accepbnwasferwtihbabh@&ycogmcen
Texas CompacBAndgrews, Texas b.egahhiax csnmtiset reggc ave |
generated within the Texas Compacdaft ampaetl | as

gener aBeoaoaxswset he avail aval isiyt e it meUtdads pand T
restricted access to thehAsbantdveCempagci mgias
Program operations.

The end of the Cold War and the resulting downsizing of the Fleet and closure of
Mare Island and Charleston Naval Shipyards in the early 1990s resulted in the disposal of
equipment no longer needed and of waste associated with base closure. The volume of
low-level radioactive waste shipped from Mare Island and Charleston Naval Shipyards
accounted for 66 percent of the total volume shipped during 1995. In 2007, the Navy
YRR-14 barge that was used to support maintenance of submarines prior to 2002 was
transported from Norfolk Naval Shipyard to a commercial vendor where it was dismantled
and disposed of as low-level radioactive waste. This one-time dismantlement project
generated 85,000 cubic feet of low-level radioactive waste, which accounted for more
than 80 percent of the total radioactive waste disposed of at commercial disposal sites
by the Naval Nuclear Propulsion Program in 2007. In 2021, the Surface Ship Support
Barge that was used to support dock-side refueling of nuclear-powered surface ships
prior to 2015 was transported from Newport News Shipbuilding to a commercial vendor
for dismantlement. This project was completed in 2023 and produced approximately

10



Tabl eDilsposed Radioactive Soli d -BMawdree d,r % jgimaS.i nNea vieln deu |
and Their Suppd0 ttShFao@@thdt i es f or

1T

2019 2020 2021 2022 2023
FACILITY THOUSAN THOUSAN THOUSAN THOUSAN THOUSAN
CuUBI C | cuBIC CUBI C CuUBI C CUBI C
fEeT | CRIE] fEeT | CURIE fEeT | CURIE FEeT | CURIE FEET | CURI H
Kittery, Mai ne
Portsmouth Nava 0.1 2 0.3 27 0.1 1 0.1 31 0.3 26
Grot on, New Long
Connecticut 0.4 31 0.1 1 0.1 16 0.1 38 0.2 4
El ectric Boat I
Naval Submari ng¢
Newport News, Vi
Huntington | ng;i 3.7 26 0.5 6 0.2 13 0.8 2 0.3 <1
Newport News Si
Norfolk, Virgini g 29 3.1 50 0.8 22 13 13 0.7 <1
Naval Shipyard
San Diego, Calif g4 21 0.03 <1 1.0 36 0.1 1 0.2 36
Navy Bases
Puget SoWagsihi ngt
Naval SKipypaedi . 20 15 12 47 69 2.8 70 13 39
Mai nt enance Fagd
Bases
Pear | Har bor, He
Naval Shipyar thg 1.4 34 0.2 <1 0.8 24 0.1 <1 0.2 3
Mai ntenance Faf(
TOTAL 12.7 163 5.7 95 7.79 182 5.3@ 155 3.20 108
NOTES:
Q) This table includes all radi ogootwiew ee dwasshti ep sf.r o nl hti en dossrs@ddagrc dT ihnv usd lyeaadrs o p ic
waste is shipped to burial facilities | i cheyms®tdatbgy. the U. S. Nucl ear Reg

(2 Totals are calculated from unrounded results.

(3 Tlsevol sthe not 2i,n5c010udceu bi c ifne t0@@Af, OWids tcfaichet of , wanided Di®n c2utb22c f eet of wa
202f3rom the dismantl ement and disposal ,ofwhtihceh Siusr fnaocwd hcohnhd SBRuewpsr t r Bas
from Newport News Shipbuildingrtaodias posmmher ci al vendor in 2021 f

4 Tlkrseuri edbonalt iincl ude 29822 awdi dsf2r carmartitees dins AOMR3l ement and di sposal ¢
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270,000 cubic feet of low-level radioactive waste, including 161,000 cubic feet in 2023
which accounted for 98 percent of 2028e Naval N
radioactive waste.

Deactivation of I ngalbgi &hl pbacl|l di hgeRadi o

From 1958 to 1980, Ingalls S
over hauls.aovfal fpwwlegaerd ships in
radi ol ogical facilities that su
by removing and disposing all r
propul si oRe upslabiiéesss, such as too i pme
contaminated, were transferred tarofPhepudsgam
Progr am. The remai niwag rda dipmascectdi wd mat esroil a ld

Extensive radiological decommi ssioning surve
removal of this radioactive materi al. rDi rect
274,000 sqguare feet of building and facility
surfaces (as well as soil, ground cover, and
radi oactive work was previously perfor med. T
semsive | aboratory equi pment . Il n addition, b
Environment al P(teaPpegti ommAdeacgrcheck surveys
deactivated facilities. After these surveys
releasedeksorigcted use. Personnel who subsequ
not receive measurable radiation exposure abo
areas not affected by naval nuck®&asr tphreo pruelpsoirat
t

he survey of the Ingalls facilities by the E
Cl osure of Charleston and Mare | sl and Naval S

Mare | sl and Naval Shi
e IUi. idga voafl fpuwovlee &rd
yard was engaged i
t oTHLe9 914993 r o

rd was engaged in th
u t
Y
2
ected closure
e
c
A

pya

shDp6 foom995. Charl es
n over hpoweaed sé&fipsl in
nd of the Base Closure and
these eBi pyabds h Chlael ead
en deactivated i n tahemanner
0

u

of
| sl and have bee
tivation of radi |l ogical facilities at |In
priol 1996.

As at I ngall s, d X tdeercoinME srsa dind In@g isaua veys wel
verify the removal of radioactive materi al
were performed on over 5 million square feet
40,000 sampl es oofersoialn,d gromcnrckte were analyze

| aboratory equi-@pnewds dd&Ntoectodad, tot her than tr:

few | ocalized areas. Si mple, proven cl eanup
areas. Both the triaodhi oMoorgki caanld deheec tsiurav ey wor k
shipyard worker s. The total amount of Progra
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yard was abouctonthae nmseadne¢ ygps ctahathousehol d s
oc3ocuries).

The Nawvryadabl egrcfication surveys were compl
the EPA and the StaBesureeyewadat heoNawuygyted o

and agreed wsi trhestuhlet sSNavyPer sonnel who occupy t
receive measuwunr e&lxlpeo srua ki atbioore natur al backgrou
The successful radi ol ogi c tahlemdgalclts vraa diomnl aagqid
facilities in 1982 and of Charleston and Mare
stringent control ovey trhaiMawcdli vNU gyl exrerkRhn el
from its inception has been successful in pre
environment and in avoiding expensive radiolo

Mi xed Radioactive and Hazardous Waste

Wast e st tbatt hi radi oactive and chemically hazar
At omic Energy Act and the Resource Conservati
fimi xed owWistthkei.n t he Naval Nucl ear Propulsion Pr
taken to avoirdaddonncitngvlei mgnd chemically hazard
mini mize the potenti al f ®hre sgee neefrfaotritosn ionfc |nuidxee
use of acetonédaseldvemtint sl,eddkcad shielding in
chemical pasnt Asmaveesult of Program efforts
hazardous substances in radiologicaleavwwhk, Pr
yedrrss than 20 cubic met er sofdfsrmeiax enk nwa & tod | toh
compl eton®oiptradpfc essi ng. 28208 falbiwhudb i cn dneadfer s o f
Program mi a&aedt ovrpesch ds migp meDhGQE taond commer ci al mi

waste t rfeactinhanti es

Di sposal of Decommi ssioned, Defueled Naval Re

During theU.l9 80asyalltpdoever ed submarines constr
1950s and 1960s began to reach the end of the
DOE as a cooperating agency, published a Draf
on the disposaledof ddeefcuoemneids sniaovnal submarine r e
EI'S was widely distributed to individuals, en
of ficials, and other Federal agenci es. Al l s
addressed in bhehFwanali EEBedw2dh. 1984t I{oedlrtemd
Navy had evaluated the option of disposing of
preferred option identified in the Filmanlt sl S
at a Federal disposal -Ffacel i tgdanbaebdyeuwasdt &
December 1984, the Secretary of the Navy 1issu
|l and di sposal I n 1996, the3lwhychsesvaduat €d
di sposal of defueled reactor plants from crui
Navy and the DOE issued a Record of Decision
pl ants by I and disposal in the same manner.
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Anuc l-peeawer ed ship Iis constructed with the nu
section of the ship, called the reactor compa
di sposed of, the nuclear fuel is removed and F
removed during r-pbwelredgsbifpeaucl|l €he defuel ed 1
are removed from de cpoomwre rsesd osnheidp sn uicn edarrydoc k s
Sound Naval Shipyard in Bremerton, Washington.
comart ment is sealed and | oaded onto a barge
the Columbia River near toh Department of Ene
the reactor compartment iIs transferred to a |
compartment to the disposal trench on the Han

process is contained i3 t hehdifniarl stEIl e f(u elf ed er
compartment was shippétdbhovaHadbfioPdopuwl 4986 Pr
shppdwdef uel ed reactso@B0Q&m arotmaintnumbhér shipp

Il n 2012, the Navnyme nstsaule dA sasne sesnn®elnrto wWhriecfher e nc
evaluated the disposant soff rdeerh utehl ee da irrecarca fotr dr
USENTERPRI SE (CVN 65) as eight individual rea
2019t hei Nawvgd a Notice ahmh EhSemkeéthswpgeerpare
broader range of alterdmreelted esplaotroslifsmpomal of
ENTERPRIASHraft EIS was issued ftome i mubdwaEd Sr e vi
i ssuddined 2(3r ef e32ncdn Septtemb eNa 2\ 2iBsescwoead o f
Deci ¢gremhed ®snecleecting commercial di smantl ement
i ncl uddienfgueedt s av a l reactor plants

TRANSPORTATI ON OF RADI OACTI VE MATERI Al

Shi pments of radioactive materials in the Na
be made in accocadbheer wgauhatipphs of the U.S. |
Transportation (DOT), the Department of Energ
Commi ssion (NRC). The purpose of these regul a
radi oactive materi al aprreo taedcetq utaht ee | eyn vciornot nrnod nl te
and safety of the general publ i c. These regu

shi pments and provide requirements for contai
pertaining to tlygespeanidf ifoorqmu arft irtayd,i otacti vity

I n addition to the above, requirements for ¢
incorporate shielding and integrity specifica
container design amaliysiscatitomai of ngomaker § who
containers, and quality control i nspections d
will meet design requirements.

I n addition to Iimposing requirements of Fede
Nucl eaul #rem Program has issued standard i nst.
shi pments of radioactivity. These standard i
program that i1includes inspections and assessm

seni or man@rggeaneinzati ons making shipments are r
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procedures that direct th
ensure compliance with ap
specially trained, kdewl gd
permitted to authorize sh

e use of compliance
plicable DOT, Navy,
geteaedl peopl &hi pping r
Il pments of radioacti
Protective transportation services, such as
[ [ [ l es, a edndwmre-tmai mtact i
r y of each shipme
I t [
[

O

S in transit i s
cceei voenr st hneu snta t nuar Kk
ensure that rad
i ners of radi oa
eorr receipt .
ng regul at

t
i i
s i s done to

—“0OSDm®>SO0O0 >
wo——aoo —-—
w—~o0o< 5 =
o< O

- -

f
p
i

5ST QO

e made in f
egul ati ons.

ST DOV T Y OT !

Radioactive materials shipped in tlhuedeNaval N
small sealed sources used for calibrating rad
equi pment wused f or -lreavdeilo arcatdiivoea cwoirvke, waosw e, r a
componantsgcontaminati onaodonkbwngntiospkeatutndaya
Eacyhear, Progr am l|laecstsi Mjil@d@re ss magkment s, which ar
t hemi3dl |l i on shipments of radioactive material s
(refe3%nce

Il n the Naval Nucl ear PrdpwlacsitovePsdhgmpamnt mo &
| o-lwe v el radioactivity and are classified unde]
surface contaminated objects, or excepted pac
radionuclide associated wstb6hakh bDhethesm ah
insoluble metallic oxide corrosion products a
shipping containers.

Most of these radioactive material shipments
used only when netemaade yomanpassenger planes.
accordance with DOT regul ations.

Abouwbhiofdst hleeMeolw shi pment s aartiegqantpan@innat
clothndgrouti @Qre anwaesrntage, one-l siepmentdi asct owe

made every month from each Naval Thhwuel|l ear Prop
anticontaimion ad maeaii sl outtlreat cd pddmeryyi al | vy

contaminated with |l ow | evels of radioactivity
cl otiheamgasi omiappegd to NRC oHd i aegmesemdemcton$tratcd or
cl eaandguse Abofuitd tomtehleeieolw shi pments are envir
chemi stry samples en routestsodmbtaeantyh i @efalt ha bloc
|l evebacadvity shipments are minute quantities
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ources. These sources contain insignificant
the radioactivity in typical household smoke
The remaining fewnswi ameéns$pgent naval fuel an
components associated with reactors, and are

infrequent becapeswenadabhnpsl|l earrently requir
during their servicreidd feceut tMe alsaulrpe ss aafreeg waarrd
and ensure they reach their destination witho

shi pment is escorted by U.S. Government repre
i's specifically desi gindeedntt oc osnudrivtiivoen se x ttroe nel tah
water i mmersion, and to prevent release of th
in the nuclear fuel and radi ex@tliowsa veommanent
nonfl ammabl e; in additiiom,kt htehsee rcaodnpocancetnitvse insa
therefore would not | ikely be dispersed even
Since 1957, all spent fuel removed fré&m nava
| daho National Laboratory (hHuplfepeakamuaht w
reprocessed by the DOE after examinati on. I n
operations. Sxamenaheon pasal spent fuel has
at | NL pending the availabilityze®i anper mmnehn
site. Continued shipment of naval spent fuel
storage was fully evaluated in a comprehensiyv
published99m Apeai%er e NaTehye parti ci pated as a ¢ o0«
agency) . Under the Record oforDeciedi afgaermetnh
amendeaetween the Navy, DOE, and the State of |
continue to bdoghiexmend ntadl i Ibovel, tamgp oirtarwilly st or
unt il it can be shipped to a permanent geol og
interim storage site outside I daho for storag
Esti mates of annual radiaatiiomn cexpvss warned ttd et r
public from shipments of radioactive materi al
have been made in a manner consistent with th
refer3ebnceBased on compaebesang atimbbes of radic
shi pments made, the total annual radiation ex
shipments is appfi mat3mdteenby bel f one person were
exposure, that persomnwaul d ardotatexne ek ptolsarr &
individual worker by the NRC. The total esti
the public along transportation routes is 10
indi vidual member of theapubhat weouadidvode faom
radiati on

For naval spent fuel shipments, more detaile
the DOE spent fuel managemeB) BEh8 cnteteabepa
of the Nael cpenai BERPpulslyistleend i n November 1909¢
37 The analyses described in9ttBestaEh8s dem

17



shi pments of spent fue203matdhbetlheodtaipvhe dphep winat i
d o s ea biosurte n3.

Shi pments of radioactive materials associ at e

cooperate
invol ving

ly with State radiological of fic
pments of radioactive material s.

have not resulted in any measurable release o
have never been anynsiofggni hgcaert eascsei déntradi oa
during shipment since the Naval Nucl ear Propu
The Naval Nucl ear Propul sion Program require
mat erial shipments have accitde nkdhe ptlaken iidre nd a s
transportation vehicle is involved in an acci
civil authorities and the or thgoiunra ttienl ge pfhaocniel intu
for emergency gui danceS.anNavays swosutladn cceo.mmuTnhiec alt

ful

shi

NAVENVI RONMENTAL MOMNRO®RANG

To provide additional a&a®egdurmgndcdet UatS.pMNavegddu
radioactivity are adeguate to protect the env
monitoring in harbor spofweergeude nstheidp sb.y iEnsv inruocnl neear
surveys for radioactrmetdyiarbapborediwbaltkbeyUpé8
nuclpowered ships are built orpsveawewhede and
omperating bases Samples from each harbor mo
annubyl g DOE | aboratory toesnaure caomaleyti @aald |
standardi zed. The DOE | aboratory findings ha
shipyards.

The Navy environment al monitoring program co
harbor sedi ment, water, and marumweys.,fe, supp
dosi meters, and eHafrlbwe nts emo miedna mpalmals weaart e r
emphasi zedt hwpwaludebe the most I|ikely affected

As di scussed-6efarilsi etrh,e cporbeadlotmi nant radi onucl

itherest resulting from naval nucl ear reactor
procedures require collecting in each harbor
t hroughoutfot hangkwasi s -6t00 adnedt eocttheeono bghal nhnga
radiloindes. Locations and numbers of sedi ment
depend on the size of the harbor and the numb
nuclpoawered ships berth. Sampling points are
ship becadathii omsploomnndt s i n artelhsmawheg $samml i ng | o
selected are based on the individual <characte
Sedi ment samples are collected using a dreddg
36quare inches andt bascsobkeat modiyielde top | ay
an inch). The top | ayer was selected because
accessible to marine |ife than deeper | ayers.
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and put directlyiinetrofarMamianeglsliis.cormtaaz h sedi

analyzed for gamma radioactivity in the conta
state germanium detector with a multichannel
specifically f ort6tOh.e pReessuelntcse ooff tchoeb asledi ment

monitored by the Navyesisni anhse ak.eS.s uvammdda riitzse dp oisr

Tabl e 2 sihdWa3dtadrakerdi mentscoammbt enteedct ab ¢ ke s
ofcob-68Dt As reporltoewd lienv etliesdl opfa sctofbhaalnt 3 pi cocu
gr asm nce hlav86 )been detected around a few opera
wher e npuacweraad ship maintenance and over haul s

1960s. These | ow tkeehat aral wel bcbded owng r adi
har borasnd result from operations condscted fro
di scussed previodu23dhe ftondmhEWdDhgtmma radi oact.i
released each yemBhavi e iifial I12U.m$ |-pesaeradd nsftil st
and their support facilities has been | ess th
too small to be detectable in the harbors. A
l evel s is tha® fmbdalelf @y fewaerepet sonontain 3 pic
cob&Dtper gram, that person would receive | es
natur al background rla@irThei 8npi(seeureé@dpacegr
concentration also is | ess than the concentra
Energy Agenc39(fefedenheemining whether dredge
regadd wmardi oadtemivreiumirsser t he Cdarmkkeaveoni on of
Marine Pollution by Dumping of Wastes )and Ot h
ref erd4eOnCcoeb ®10t i s not detalc thaabrlbeori nb ogtetnoern ar eas
these piers.

Low | evel sl1307/f weersei udretected in Sbme sedi ment
cesilu3ny detected is not related to naval nucl e
high integrity naval fTuleede treecmadinyf i ssi on pro
concentamne omssi stent with background | evel s
environment due to atmospheric fallout.

Il n addition to Navy analysis of environment a
samples from each Rambkeem memitt @®®dda byeenaat oroy ,a
a check of NawOH &adadatsory Tthiesvi des a further
environmental sample analyses by participatin
sponsorEemdvibyonment al Béeesurce Associ

The check samples were analyzed for gamma r a
Navy procedures but with greater sensitivity.

t wo such sampl es. Both spectra show the pres
radi onueohidédscontribute to measu#66&dweaei oadactiv
present . The upper spectru#®0i facobeans amcpled

achieve a concentration of approxi mately 3 pi
recoghezebergy peaks due to the presercle of t |
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The | ower spectrum is typica,l aonfd ndoosets onfo tt hceor
detectabb6be. cobal

At |l east five water sampleererar eotuigahe=mnttiltnmh ee ac
yeam areas Wwhpeorwee rneudc Isehairps berth, as well as f
downstream | ocations. Thebper ssaenpd e sofargamma |
emitting radionucl6iOdes A tissdddi uidda rnmga rciolbm ldet ect c
muil thannel analyzer is used to measure gamma |

of céPBalt Procedures for &@maliysiig swicloln ckeett acatt i
t hePATri nki ng (eaetfeerrlejnicreiNtos-6c00 bhaalst been detect ed
the water samples taken from any of the harbo

AnEPAval uation 4ilmhowd etr eantc6eQ hfer cro brad v a | nucl e
propul sion plants liisc icrortrhoes ifoonr, whriooftdhuncet © gphaortt i c
appear to be concent Nevedthestewpl €ésod§edtmar nne
as mollusks, crustac)anse, bered maorilreetEldadtrom
monitored. Marine lainfaé¢ ygaempluses ngr a a@les mani um
mul ti channellheanmnalsyuzhears.i o & t hatnea | §gaampsheer i zed i n
Tabl)sh8twhat no bui-b@uassesbcrabmaval tipwdledard
ships has been detsescoédmamninhlkeesefeampl e

Il n al |l monitored harbors, shoreline areas un
annufabltyradiat. |l evel s, using sensitive s
radioactivity f m bottom sedi nheents awees haesd a
background radi ion |l evels in these region
Thus, there i evidence in these ports t
operation-pofwe shi ps.

ci

s h
di S ,
S h a
m

Ambient radiationsl egvmbasaredcoatnguseseaensitiyv

thermoluminescent dosi meters posted at | ocati
where radiological work is performed. These
remote from support facilitinedevel medswme nlad a
radioactivity. The results of dosi meters pos:
radi ol ogically controlled areas and the gener
background | ocations up to seve#dal Mhlees aageay
dosi meter readings is also given: natural ©ba
to location primarily due to the conclentratio

howscltdat MNaw@all Nuon Program activitdi

Tabl e 4 s

effect on nor mal background radiation | evel s
N a v uctlear 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 27, include containment for radioactive materials to provide a

barrier to prevent significant radioactivity from becoming airborne. Further, air with the
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potential to contain radioactivity 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
demonstrated that air exhausted from these facilities actually contained a smaller
amount of particulate radioactivity than it did when it was drawn from the environment.
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Tabl Suznmarx0253ur veys f600r iOo bBadttt om Sedi ment
U.S. Harbors Where-Podw8redNaval pNudtllaear Beer

Regul arly Based, Overhauled, or Bu
Range of604
Numbe Range MD®Val ues
Numb| Sampl Detect Sampl es w
Facility of with| Cob®lot P
Detectahb
Sampll Det ect Result Coba®lot
n)e
Cob#®Il0f (pCm®g (pCi/gm
Kitterey, Main 3) ;
Portsmouth Naval 1a 0 N D <0.027 <0.06
Groton, New Londo
El ectric Bamd Di 297 0 ND <0.027 <0.03
Naval Submarine
Newport News, Vir
Huntington I ngal 132 0 ND <0.027 <0.03
Newport Newsi 8lgi
Norfolk, Virginia N
Naval Shipyard a 204 0 ND <0.027 <0.05
Charl eston, South 48 0 ND <0.017 <0.02
Naval Nucl ear Po
Kings Bay, Georgi 100 0 N D <0.017i <0.04
San Diego, Califofl 4, 0 N D <0.017 <0.05
Navy Bases
Puget Sound, Wash
Naval Shipyard &| 10¢) 0 ND <0.0171 <0.06
Mai nt enance BRs®is
Pear | Har bor, Haw
Naval SBKIlpyaer ched 208 0 N D <0.017 <0.02
Mai ntenance Faci
Apra Harbor, Guam 136 0 N D <0.017 <0.03
Port Canaveral, F 80 0 N D <0.017 <0.04
NOTES:
1) pCi/f gm = picocurie p&rurgream.Ci )1 pCi = 1x10
2 The tdasw symbol [ <] i n@0 cwdxsddthadt endb icro btaHe nsampl e.
is the minimum detectable concentrationéO MDQUl;d ibe. ,
detected if it were present. Bmael MDCEC ataroine s of l @ ag an
di fferences in the amounttoVvVi hpatumacédaghosampkreéngdr e
of ddmpl e, detection equipment differences, and stati
(3 ND = Not Detected. Sample analysis detected no photc

(4) The number of samples decreased from 312 in 2022 to 106 in 2023 due to changing sample
collection periodicity from quarterly to semiannually and establishing new sampling locations to more
efficiently monitor the harbor area frequented by nuclear-powered ships.

22



o
[T}
<) o
= ©
3 S
3,075 |- ~ >
t'f'; 2
o = ot
g -
= on
4: L
$ 2050 -
Q
193]
l_
=
2
o}
© 4025 -
0 500 1000 1500 2000
Energy(keV)
3,075 |-
—
L
=
=
< 2050 |-
[
[42]
'_
=
2
D
Q1025 |-
0] 500 1000 1500 2000

Energy(keV)

Figure 3:
Gamma SpeHarmorofBott om $Saenitnme n3t pSCaéri(pgl m dadcelda | t
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Tabl Sudnmarx025s3ur veys f600r iOo bMarti ne LiWeewoé U. S

U.S. NavaPowWecé@a$hi ps Have Been Regul arly Ba
Mol | usi Crustacdq Marine P
Cob#®Il0t Cob#®I0t Cob®I0t

Facility Anal yti Anal yti Anal yti

Res UMbt s Res UMt s Res UMt s
(pCi¥2¢gm (pCi¥2¢gm (pCi¥2¢gm

Kittery, Mai ne

Portsmouth Naval <0.03 <0.07 <0.05

Groton, New Londor

El ectric Boat Di <0.02 <0.07 <0.07

Naval Submarine

Newport News, Virg

Huntington I ngal/l <0.02 <0.02 <0.02

Newport SiNiepsui | di

Norfolk, Virginia

Naval Shipyard ai <0.02 <0.03 <0.03

Charl eston, Sout h .

Naval Nuclear Po\ <0.03 <0.02 Not Applicable®

Kings Bay, Georgi g <0.02 <0.02 Not Applicable®

San DiapgofofCnia <0.04 <0.04 <0.08

Navy Bases

Puget Sound, Washi

Naval SKi ppaedme <0.05 <0.05 <0.07

Mai nt enan caen dF aBcaisl

Pear |l Har bor, Ha w4

Naval SBKIipyar chedi|l NotApplicable® <0.02 <0.01

Mai ntenance Facil

Apra Harbor, Guam <0.01 <0.01 <0.02

Port Canaveral, FI <0.03 <0.03 Not Applicable®

NOTES:

1) The tdasw symbol [ <] i n@0 cwdxsddthadt endb icrobtaHde sampl e.
is the minimum detectableecontdédrt canice mtOf chDoCud nd ate wh i
detected if it were present. The MDC varies from sar
di fferences in the amount of natwurally occurrting radi
of the sampl e, detection equipment differences, and ¢

2 pCi/l gm = picocurie pe&rurgreani.Ci )1 pCi = 1x10

(3 Not Applicable: Marine | ife samples of the specifiec

24



Tabl Sudmary0 28 f aintde Per i met er Radi ati on
Where U. S. N-2owker BdclSeaps Have Been
Bui |t
Aver ag|l Range Aver al Range
ofdi te Oof-di t Peri mg Per i me
FACILITY Dosi mef{ Dosi mg Dosi mg Dosi me
(mrem/ q (mrem/[ ( mrem/| ( mr em/
Kittery, Maine . .
Portsmouth Naval N 19 1371 29 20 107 32
Groton, New London,
El ectric Boat Divi 17 137 25 16 971 24
Nav al Submarine B¢
Newport iNregvisni &
Huntington I ngall g 13 107 18 14 971 24
Newport News Shiplk
Nor fol k, Virginia . "
Naval Shi Bpaed and 15 727 15 7130
Charleston, South ( . .
Naval Nucl ear Powg 13 7119 11 6117
KiesgBay, Georgi a 12 1071 14 13 971 18
San Diego, Californ 20 151 25 17 137 22
Navy Bases
Puget Sound, Washin
Naval SBKi ppaedmedi 11 971 13 11 81 14
Mai nt enan caen dF aBcaislei
Pear |l Har bor, Hawai
Naval Shippaerdmad:d 10 871 13 8 61 12
Mai ntenance Facili
Apra Harbor, Guam 10 81 14 9 771 14
Port Canaveral, FIg 9 7111 9 771 12
NOTES:
QD mrem/gtr = millirem per “gwar.ter year. 1 mrem
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ENVI RONMENTAL PATHWAYS ANALYSI S

Resultsiobrmag of environmental samples desc
environment al radioactivity |l evels have not c
exposure to the pubJ.iSc. fnrawraptcawer adi shspefand
support fatiowi tioesmeiasutreo Nevertheless, an a
to provide a quantitative estimate of the rad
public might be exposed as a result of radioa

For analrybsorsneofefafil uents, the EPA COMPLY c o0 mj

-60. coBatitmated values for other airbo
d shasgdegd oiavalndnucl ear propulsion prot «
ships, and their support facilities.

our c
et ai
ower

required by EPA redl atSiperes fiirc r enfparte rp@aeg amet e
radionuclide releases, distance to membaend of
food production. The releases of airborne ef"
summarized Iin t&blvaldbmes Coldlutde act u@0D measur
emi ssions from the exhaust of Navy facilities
S es
d | e
p ed

Results of the air&@me neummdl uzend iamaTabslies 6.

compares the estimated maxi mum exposure to a
effluents with guidelilnes DlieddenNRLrioalr ed @ir
cal cud adiealt i on exposures implement the concept
|l ight water nuclear electric power reactors s
as | ow as reasonably achievabl e. Al t hough t h
nuctpowered ships and their support facilities
judge the significance of radiation exposures
maxi mum radiation exposure to a member of the
[ [

rborimeacrtadvi ty is much | ess than the standar
by the EPA 42 reference
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Tabl eR&bdi onucl i de Rel eases Used for Environ

Radi onuc Annual Airborconei)R
Co b a6l Ot* <0.0004
Tritium? <4
Car bloan* <20
Krypd&®dm 0.011
Krypd&sm 0.027
Kryp&®n 0.000023
Kryp& bn 0.035
Krypé&®n 0. 055
XendmlB1lm 0.0015
XendmB3m 0.012
XendrB 3 0.30
XendrmB5 0. 33
Ar g-4 3. 3
| od-lL B & 0.0000050
| od-lhZe 0.00000514
| od-L 88 0.0000114
| od-ilB6& 0.00000097
* Sdpgecific values are used for these radispececfides. T
values used in the analysis.

For |l iquid effluents, the rgsshmeples the env
demonstrate, without the need for any detaile
is no significant radiation exposutrhee tsoa mmpelnmebse
of marine | ife obtained fromntheandmerdy dd &€k /i (
not have any dé®egeceteabhewcobaseéensiti 660 aealysi:
assumed to be present at concentrations just
Tab3aend a person were to eat 4a0On dp ocurnudsst apceera nyse a
caught directly from these areas, the person
per .yeaSimilarly, even though the Navy minimiz
there has never beenbO0aniyn dheatréebboera lmbaet eecro,b @ahts u mp
pat hway cannot result in any dose to the publ
water consumption in the vicinity of these fa
public from the Naval Nuclédat uenopulasieofh aPr ¢ @
gui deline€, owht bh BWRe | isted in Table 6.
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Tabl
Rel

ExXposur e

t o

q

eEs6t:i mat ed Maxi mum Radi ati on
eases and AirboreesRadopmaé&hi pythNpdRe Eagage
Nucl egprul Briamn Wor k
Maxi mum Exposure tg
SOURCE NRC Guide Esti mated
(mi 1 1ren (mi 1 1ren
From Radi o 3 whole b < 1
in Liquid 10 any ol
From Gase
Radi onucl S Wholye_kn < 1
. : 15 skin
in Airborng
From Oth
Radi onucl 15 any ol < 1
in Airborng
Maxi mum Exposure tgdg
EPA Regul Esti mated
SOURCE . :
(ef f evchtoil we |[(ef fective
millirem millirem
_Fror_n Rame g 3 < 0. 03
in Airbor ng¢
From Ot h
Radi onucl 10 < 1
i n Airbor ng{
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AUDI TS AND REVI EWS

The requirements and procedamans ifnopro rctoannttr opla
[ ei

the training programs for eéevyerwynoha NeaobVedluw
Propul sion Program. Such training is part of
and of naval personnel assigned to ships and
regul arly Emphasis on ehtstheaainbadgol egpaant
personnel alone cannot al ways cause radiologi
and operations personnel and all l evel s of ma

of radioactivity.

Checks and bal andesarnd aslevyersaadt kum to hel p e
radioactivity Written procedures exist that
control personnel monitor various steps in ra
shipyard, an indepepdenteofgami rheionandisl ogic
organi zation, audits all aspects of radioact:i
by representatives from Naval Reactome &tadqu
each shipyard. Radi olrogi elahdqgaoaattelspalsonne
inspections of each shipyard. I n addition, s
of the environmental effects of shipyard oper
results of these assesamenmslti Blienillavdlys afhes
i nspections f or tahcel loitthieers ,Natveypdsehresr,edarsd i mpsc | &
we |l | as for other radiologically controlled f
small est audit finccinguy earpe ofpelrl owed viep yt and
corrective actions are takenhiahdfoo hetprmide

The policy of tlhgeo dNmeayadi ee fif pacthhassesve 4 th
State radiological ofofciccuirarlesn cwehse ntehvaetr ntihgehrte caa
because of radiological effects outside the s
revi ewed radioactive waste disposal, radiolog
transportation, and otherr adidolod @ige &lal o fmfait ¢ iea |
St ates Uwiber mav bppeawer ed shi pev arlea bsdeldui |t
Al t hough there wer2e02mbabccesukeneéesi nnradi ol og|]|
public outside these facilngues| eStahewedWwepahb
in the possibility that such events had occur
conduct independent radi ol ogheda3tofagtmexsii marsmenratva
been consi stemaswidbcumepoRadsy auch dSandedf er enc ¢

Since the early 1960s, a | aboratory of the E
decessor agency t hraPubdndadudHteaad t e tSairlve ¢ ee 1
veys of sel eclthed md.sSE PrAeepsbpdrtosv.i di nogf rtehseu | t s
I olswgiseagr f ormkd Beéew London and Hampton Roa
ued in August and O®Rtdrre@mE@E@&SH,Joecsmperct i ve
most rsaceretyseRAmM the harbors at Pascagoul a
th Carolina; Pear |l H amebdoar,, SHaarnw aF ri & n cSiasnc oD,i ea
i forni a; New London and Groton, Connecticu
folk, Virginia; Kings Bay, Georgia; Kitter)
merton and Bangor, Washi ngarmsi.st eErPtA Wii tnid i tnh
Navy, and have concl udedpotvhearte do psehriaptsi ohna so -
adverse impact on public safety or health.

STmZ200T T T 0T
O O0OPQOTV®C
DT TS ODOWVWaT o
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CONCLUSI ONS

.The totlalveldomgg mma radioactivity in loirgsui ds
from the Naval Nucl ear Propul si o20Rr3ogFoarm wa
perspective, 0.002 curie is less than the que
vol ume of saline harbor watperweacadu muddialy na
t he quantity of natwurally occurringciedioact
.No increase of radioactivity above nor mal b a
harbor water during Navy and EPA mwrriltearri ng
powered ships are based, overhauled, or cons

Liquid releases frpomwdr &d shivmd andltelaei r su
have not caused a measurable increase in the
the environment

Yfevel 60Obalkdioactivity inwhseaebedtr baonhtdom se
W operating basenamsomehipp efan anzse eyeela risi qui d
|l eases i.Mowbeel 960bese coneelne Mmeetsison hamf ¢
ose alf lyaobecurring radionucl i-elwasatound tF
tectable in general harbor bottom areas aw

.Esti mates of radiation exposures to members
Propul sion PrograrmAaeaviaonimess at hamaBdar ds,
or the exposure from natur al background radi

.Procedures used by the Navy to control rel ea
nuclpower ed ships and their suppnorptr oftaeccitliintg
the environment and the health and safety of

radi ol ogical environmental monitoring perfor
confirmed the adequacy of these prodéedur es.
nanemer of the gener al public has received m

result of current operations of, tthhear sNavwal NMNuU
Nucl ear Propulsion Program has not had an ad
gualityvofonmeneén

he successf ul radi ol ogi cal deactivation and
radi ol ogical facilities in 1982 and of Char/l
1996 demonstrate that the stringen¢ Nawnal ol
Nucl ear Propul sion Program from its inceptioad
radi ol ogi cal contamination of the environmen
l'iabilities at shipyards.
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APPENDI X

ENVI RONMENTAL MONI TORI NG SURVEY CHARTS

Environment al monitoring survey charts for h
associated with -plovwer endavsali msucilreatrhe U. S. and
|l i sted below and included in this appendi x.
harbor sediment are shown. I n addition, shor
posted dosimetry devices are shown on the fig

Flgur Locati on

No.

Cal infi ar
1 Uu. S. Naval Air Station North 15
2 U. S. Naval SuPoanti nleG@Bams@i ego
Connecticut
3 El ectric Boat Corporation, Grot
4 Uu. S. Naval Bagema&Neiwné ondon
Fl ori da
5 Port Canaver al
Georgi a
6 U.S. Naodwmalr i iekKibBiagsse Bay
Guam
7 Apra Harbor
Hawai i
8 Pear |l Har bor Area
9 Pear |l Har bor Naval Shipyard & |
0 Shi pyard Area, Pear| Har bor
10 Pear | Har bor Naval Shipyard & |
0 SubmaBiase Area, Pear |l Har bor
Mai ne
11 Portsmouth Naval Shipyard
South Carolina
12 Naval Nucl ear Power Training Un
Virginia

13 Huntington | ngNaelwpso rltrSdiNiegwisruii d g i

14 Norfol k Naval Shipyard, Port s mg

15 U. Sav &l SNoartfiool nk

16 Nor fPoolrkt s mpoga hViA gi ni a

Washington
17 Puget Sound Nawdl |l Bhepwpwaddat e WM
18 U. S. Naval -BarmsegorKi/t shpod Canal
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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 POINT LOMA
SAN DIEGO, CA
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FIGURE 3
ENVIRONMENTAL MONITORING LOCATIONS AT
ELECTRIC BOAT CORPORATION
GROTON, CT
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FIGURE 4
ENVIRONMENTAL MONITORING LOCATIONS AT
U.S. NAVAL SUBMARINE BASE NEW LONDON
NEW LONDON, CT
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FIGURE 5
ENVIRONMENTAL MONITORING LOCATIONS AT

PORT CANAVERAL, FL
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FIGURE 6
ENVIRONMENTAL MONITORING LOCATIONS AT
U.S. NAVAL SUBMARINE BASE KINGS BAY
KINGS BAY, GA
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FIGURE 7
ENVIRONMENTAL MONITORING LOCATIONS AT
APRA HARBOR, GUAM
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FIGURE 8
ENVIRONMENTAL MONITORING LOCATIONS AT
PEARL HARBOR, HI
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FIGURE 9
ENVIRONMENTAL MONITORING LOCATIONS AT
PEARL HARBOR NAVAL SHIPYARD AND INTERMEDIATE
MAINTENANCE FACILITY T SHIPYARD AREA
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FIGURE 10
ENVIRONMENTAL MONITORING LOCATIONS AT
PEARL HARBOR NAVAL SHIPYARD AND INTERMEDIATE MAINTENANCE FACILITY
SUBMARINE BASE AREA
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FIGURE 11
ENVIRONMENTAL MONITORING LOCATIONS AT
PORTSMOUTH NAVAL SHIPYARD
KITTERY, ME
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FIGURE 12
ENVIRONMENTAL MONITORING LOCATIONS AT
NAVAL NUCLEAR POWER TRAINING UNIT
CHARLESTON, SC
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FIGURE 13

ENVIRONMENTAL MONITORING LOCATIONS AT

HUNTINGTON INGALLS INDUSTRIES - NEWPORT NEWS SHIPBUILDING

NEWPORT NEWS, VA
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FIGURE 14
ENVIRONMENTAL MONITORING LOCATIONS AT
NORFOLK NAVAL SHIPYARD

PORTSMOUTH, VA
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FIGURE 15
ENVIRONMENTAL MONITORING LOCATIONS AT
U.S. NAVAL STATION NORFOLK
NORFOLK, VA
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FIGURE 16
ENVIRONMENTAL MONITORING LOCATIONS AT
NORFOLK-PORTSMOUTH AREA, VA
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FIGURE 17
ENVIRONMENTAL MONITORING LOCATIONS AT
PUGET SOUND NAVAL SHIPYARD AND INTERMEDIATE MAINTENANCE FACILITY
BREMERTON, WA
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FIGURE 18

ENVIRONMENTAL MONITORING LOCATIONS AT
U.S. NAVAL BASE KITSAP - BANGOR

BANGOR, WA
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