J111111212113111111111132111 * 59159* Method for detection of radionuclide in

seawater prior to water reclamation into drinking water This invention

relates to a”lmmmmmmmmm thod for nmeasuring seawater for one or nore

radi onucl i de ng the seawater for electro-coagulation to aid in

the renoval of sygpended and di ssol ved radionuclide material. Background of

the present invention Sea water is slightly radioactive: it contains a

smal | but su.aBd bi £@Bbn AMRALIR sEAMEQAGE Waker RSB iSo diBhg whFer go

spont aneous radi oactive decay and produce energy, subatom c particles, and

a remai nderThis rentrauddns @ra deergénaneghod forredadueng stalvater farle oomergiadieduclidddne parti cl es

i ncl ude al ﬂhaﬂrpsatrets?a&rte@feltfwercqremu?rvmd 1 Ithg semevghof siserngsA e dispbvedh parti cl es

(el ect r ons)2eaktfie g4l energy. The radi oactive el enents are call ed

radi oact i veBangrgltngg,e&,pregern lhféﬂfoQ”Ud ides, or nuclides. Nearly all of the

radi oactive material 1n the ocean is natural, and represents material that

has been omcdEart BsighiReRiohdis: § On@BLdsHa fhsmichaeinagsohaveikeerasaneent rat i ng,

creating, andrgusongequaddiorivedcgesd france anegerttuogic patirtks.ha\sgeratidedrt o t he

i nvent ory dfushigingptend. smalied ihemtbrodrigiga sThe I&Ptclh%ll?@ﬁe ithapagivisulte ngrdesa uf sosmal |

conpar ed td‘or?éﬁ) (FFepartis EtFﬁ" “S’ at‘*l’ﬁ%.g 8’ ;f’aame e'afrt"r;rr &l ra‘:ru‘ﬂﬂ‘if‘l"? des are

tritium ( 3ok m ﬁljmh grelifes Fay T MoTIGEE gt Ma e I8 Byt weapons

testing and wast e from nuc ear reactors are two of the main sources from

whi ch t heselumRthoking@s e bRy corRbBiingt RQuRCAARINg taBiohatds: feasatnt demgh 1ts surface

wat ers. | n adiddlio the omsntodio posaladigficlidesclltgagh tvasbet glidly sagl cuiprdrd ne reactors

in the oceawfﬁaeo%hmoe&‘fh GPW:;S'Baisfr'e%%@ldeﬁfawttmmn@t‘@r1§fal 1281 '?hc@s ‘?éa fI oor U

is quite S hese nucll es [?P({Rﬁzsﬁigbcedrh oth[@aée‘gr ‘Elgzu%crz rs. %lBad itipn, d’rs (:)ﬁgg}

sol ubl e, r'L rtaw@mn% b%]ag@%ai'hat ik §ce§,91[,stﬁ>ett@d ol s\eaf escape into

t he at rmsph,eerseﬂo l'ong as nbers of decay series are

kept in a closed container, they vm II event ual I y reach the state where they

all are decLayqungsothlthsetahetersaner]emmt)ety ingflub¥eRrasssluipe pndRe Gameble daettamisse t he

hal f-life étlubteh'equrra@tcand&ce@yﬂq the Wsnheﬁg*stoegatatl \temt"tt’erémé Riedreavydecays. This

state is cAlFHT S ﬁ‘tifi‘l“F’r‘B%JJ@Ve“a‘ﬁl ‘i) T BT nile 4! ) ﬁ EXPiEL el y unl ess
same n mberof on

use. the ha

| lat
some_of t he iRt al %%ar@é%‘;r{t g il andserlc%treﬁi?‘ %{si‘ﬁe added The
230 Th daug‘h&l@,r,atgaasscap nedhi@ ird Eaiclidl Bakld® Years It 1I's also the

chem cal elenent thorium and stl cks to particles falling through the

ocean, WherTea0 Tt Gughar g lo23Af-Ife §6.3searh): $30Isy Belchemicd eemepfaitoenm. afthe | ong
hal f-1ife arlckﬁr temtlcék%@%hr%bthtr?featnowttstatsrtapatfpt ZPhU gryadipsplyedrin ssodisrd At , with
very high V& r ‘f?frlot‘lnﬁceésl}r:'(f Ht;%ﬁ?'ﬁ&;j‘gé@eﬂ a§FW‘%uﬁ§ghvﬂ“?h‘é ol der

sedi ment at " gepth T rRE CRANE "W FhUEPt# P8sul ts from the decay of 230Th
over the th@yaag@lamcatpwrear@mmgutctmz:foqrr oftr hENLUGARLE PR REuSedhr /1B | NE

sedi ment t QerdGedAfmatne sedile@ ihangae. iThe Ba@elih 230 Th Ritdeph @ teRedinker, @edi ment ,

pl us know éageedgfof hd1z30 2B, takksfirpogsibe fo usathegsformitiop @S gliireghetdepotige t he

i nf or mat i or*ia“t%“éiallﬂétﬂ“aheeeaﬂ%e deposi tion rate of sedinents on the seafl oor

The artifi Cl'lhal ctal n, cllges n { erz) ean ave (ge%ﬂedqgv(%alcz)i{n!o Iheglac' a?'lout resultg r(pmarluclat erspherl c
N 4 DI oSplf ces. deri ved

ti
fal | out fe%léiatutst s, of AN JIMEL GAL s MWEAROR Ryl $daGor wltes JteQng RO
from nucleancleralea&&mr mtneahehtﬁsdtmauhanmrt or from nuclear acci dent s.
* The atnospheric fallout has a well-known hi story At nospheri ¢ weapons

t est s begarhtmasphtiveveaarslaps 48508 the @rid! 96Grnd oededunt! il 162 86 he whemberihe

at nospher i QUIFECESERAR TRE SRS Sb%afrt by rtesaffyhe\ﬁa@tf'ar '@H@élb%rycontysttlo f testtﬁ’ntéh%ou ntries

that had be&h Yo 'ﬂtftdbhg‘ tﬁ@"‘§ é"t‘%"““rg’é“’tcl{véé? "\t;}é S‘QI E@% BS{ he al arm ng
€. ter an

en info t uman f r was eastlty etectable in or exa even into

spread of -GG L fuvttrclvd@s & "ERVT P onen

t he human food supp r was easily detectable in mlk, for exanpl e.
After the toestftrlaaraductshﬁudrew\eda@natsnftgaﬂal; @titm. UG ribG@RS mdm)ﬁee.aserd addoapt | y. One
of the prodikcts reflinuehaaty ofvsapomnscetoe §irihrigitiyasnteted the pagmat thd¢ sride atir i bution in
the ocean ib&amqipelved ip BF finkie dofhrilangie ypeey. naeeféﬁltteﬁghft“hecurttnswwth%f its

occur ence L R R T TR oL Y L SV QYO g becar

i nvol ved in € sinkin antrc her nohal i ne
current sysh&mppiihat ci rcuI ates ocean deep water. As the North Atlantic Deep
Wat er noved downward, so did the tritium Its concentration at various

dept hs and dhawailrens agidweshgh grwtdin @80 fThareayr rleastd agipst efmdactivior k. Cher nobyl
Cher noby| resEtnaTs b efarpedirectiiverts fycteels prddolipusdBgsurariy gdips HeY 6YT r el eased a
pl unme of radi oactive contam nants that changed direction over a few weeks
and contributed—measur-able-radi oactivity over 111111111111 *@0000 1*

Eur ope, Scandjn A North Anerica, and Russia. The danger in sudh

contam nati onﬂ ﬁﬁ‘wﬂm MJ m the very high concentrations found in |ocal
areas. Additi of nucl ear contam nation from nucl ear waste

di sposal and -spi I"*f&opy the former Soviet Union have added a very |arge
armunt of radioactivity to the Arctl ¢ Ccean Fukushima Dai i ch| The 2011

— 1 T T I T . o ~ o~ e Y I




The earthquake triggered extrenely destructive tsunam waves of up to 23.6
m (77 ft) that struck Japan m nutes after the quake, in sone cases
traveling up to 10 km (6 m) inland, with smaller waves reachi ng nany ot her
countries after several hours. Tsunam warnings were issued and evacuati ons
ordered al ong Japan's Pacific coast and at |east 20 other countries,
including the entire Pacific coast of North America and South Anmerica
Oficials feapa $hRind@DRMHBAG NI GhEBEsiATH ddnBd hStidh kattamBadogteluAGRANGY have
reported t Reab hipladicatiadns thed @llgaliansi Aditiblasoypteasthudionynitatontro®00 ti mes
normal | evebdsar yagadpor! 264 piliny dgriorminded Urientievmianaveplateompurmfoxi de, or MOX
fuel, maki mﬁ'lorormwtéﬁﬁrrtaprvn nmore dangerous in an incident due to the
neutronic effe ?r&a%)al ; Pl utoniumon the reactor and the carcinogenic effects
in the event o [‘ease to the environment. US Navy relief group noved from
the i medi akeoar ’oka tdriduakie tufil ki €ARY SinSgntit @Gked mkQibhbieM@luakeatitat i on whi | e
returning teastohlepan thatiorapiradfat 148QISTI(®46 DT Oron &rideeditdth and. Thegeerger wesssi on, 160
km (99 ni) sefdxsiagh @2 kipmecrf (1 ghtastabbofhdPepinalacgiohdkalvehthe byreramit 2iof

ear t hbound “BSERGr BN *rPedimae 3hkt 0F° @)nonth in the span of about an hour,

It was repqled  tRati:R0LRaG VGudiQdl, 5 Jetected A n hdhe Ek"J}P X"at er in
Fukushi ma, ol@ehing e erp’;ﬁ"cf QKY Qreredh amw%qi" AMnd. am&gf gata, a

r adi oact i veeaae@humothactdaeleiaaa sae»atlesurg Nsulekhk WK Rere I@éanhgdva@ndnsernna At the
time of therdaeddlddgnban's PRdiCtoadt anlllar lead 2C ot @uned, irdQding thadhtiraBsi@ndhbit &S, No. 2,

No. 3, and Nuoh Aderigppgd JouybAmgresenbl i es, and No 6 764 fuel assenblies in

their resp tors Reac a nblies in
1S Feact o0 inl 2o R il g R i %fa%grﬁrr pool
React or ox14e x2f9£1mal(\@z it tetli ﬁvmd}pdangroéjﬂflan 1Mem meud eNQcts 06 876 Spent
fuel assentplutoasm bthd thRiof and RSPREBbdeMESAH ihG e OkI&se tAhd@dayméneat out put of 7
MWV (typical of a Fukushinma reactor a few days after shutdown) has the
capacity téJStBJetylfe'fogfmuatﬂ%t frgnppe IQWlﬁvmé?f@fhelwme@rde IOda el rgdiptienh put s t he
requi rerrent“h'ff‘\(z% | fhﬁ‘ iy ?@F“ei g ?('at‘c“eseFﬁ is f gﬁghShEFéﬁtrr c Power
Co. (TEPCO)abou 0 f‘lt e%dsh E@ ioac aﬁicl 1’odr|§e8wa mt téj‘vatre%r‘)@t u W"f‘ﬁ
neutron-ab Serh ,B6hnf2 Orro dhﬁ)aS QN z{tasandl?ard%a%ﬁ% é‘sru\ﬁ%nﬁ@tld a@ﬁrT but ensures
that they WilubhiReweKigibddmhhon proper y agai n, pernanently damagi ng one of
the world' s 25 | argest nucI ear power stations, TEPCO started seawater
cool i ng at AZGQ‘ZU}‘OfaddFI 6, f5esfor do- Aeqneingi0Rfup atentol. Neb O Heand No S pteevent a
criticalit H’é ‘é‘hf“d\lt’ &gyl bt“is Reir poSREFHVE 107 Reﬁ‘ﬁ‘é’ P ergBPS! of

assemblies mn lt reactor, but ha nt uel asse lies n its coolin eacto had

r adi oact i vE,LRUb &M kﬂf\d Blog ttﬁd B 176l DK AEL WAER T e allhod, Cer tain
crops in ttaeorsvr\@acryhtaomutaf RIVDIBRE of a FIRshI AP S e st SErTec0b n)klt%%lth Labour
and Vel f ar encapaayideaibftabat 20b-800@dnSes of watcatr @A Gihick puisythe@dGidadit figcdor@al |imts

had been dewrectedeitn m | k produced in the Fukushi ma area and in certain
veget abl es |n | bar ak| Measur enents nmad e an in a nunber of | ocati ons

have shown | "n‘%"‘jgs @E“B‘tp"r‘”%fdto HEO)-¢ash ‘ﬁﬁ“‘tf Bufifdeavesf d&ﬁc ?5 23 Tokyo

utron butefures hat ey w1|lneter

m (<} reacto Pressure Vess
dri nki ng Jrl\ é n:fntfbi eoﬁyegwor 9;3 l!trm: talpctleﬁfpop r?tgn?) i
gover nnment st&d gt,lmsater bdalits Bt zb@t ta dﬁ:g bOMRBES as b BeufrATbsbib& S pbvn adnnefaapt s W)rl d wde
neasur enent&idef, taicrehdiias Resdi@dh @RS EWR of raithadiee @nEnicASH LMV R atirkcg f r om

reactors suggest ot dwein repviekhs vineivef hedehed around 2.3 those during the
Cher nobyl djsaster. Radr oactr ve i odi ne, caesi um rut henium and tellurium
were detect E‘cq’a‘iai’f’s"s awagmm Salt é‘:d M rﬁljﬁ’uk?}*ﬁ‘if’i‘ ﬁi“ e“‘t)‘t“at“ﬁaé“véf{b?f?eﬂ)‘hg on 23

ljmits ha area ang in certain, Ve,
I N seawat er

March, and \Eag GaGh e dathy] Suan e ot ha@tatm AV neen dek
sanpl es 16kinohd-Qid dnhe RN, ﬁzlr@bhQ&eyoBﬁrﬁﬁgwﬁéﬂex%é@tin@Q@Jf@WeQ&Snfmde on the
mean t enpempainping thafderironnafieritofe badawakes fatddlieslwi @ehnk. ovorlt fige " | ast di t ch”

att enpt t o epaerat ef wihbomedptcove igior end cepententdigln pools suggdsiging hics ant
cont ami nat iheya reehedgposi 3 alos %tngénﬁharn@édlswrt hin the cooling pond of the

nucl ear r e% loagtlvzg rltel claga}{tm rutH nlum an telllHtlquereduepte{rgl;ela\?uesrsam dl %I'IUC| ide froma
nunber of RRLANAYS wubARdh Rkl LATALE BT < Ontat AalQh to ion-to-ion
irradiati orgeawitn s@RRs Bkl By the peEBllonOF S ON CORROSI ON BEHAVI OR

OF DI FFERENT ALLOYS- Sal eh A. Al -Fozan and Anees U l\/al i k, Saline Water
Desal i nat i GreRaseapadiods msdeiot h san teheerg g e Bnggetofsenfatet hlezesé)a\hatlfer IS
reflected Bychi Wemm getodyethe rpreiarcorsfspon ! pagtyiesiicast sorfativatan of et 0t and al | oys
are attacké ““B’;‘}d‘tﬁi‘“é"elﬁ‘dthpd"do“i’ the pusIe FPYB (FAYY ﬁ&“"e*r‘t\ﬁpr%?‘i'r‘t‘éht‘gm Oxygen,

bi ol ogi cal activities, pollution, tenperature, salinity and velocity are
the major factors whrch affected the corrosion behavior of materials, for
carbon steel, the corrosion product will be built up on the surface whi ch
woul d reduce the mass transfer of oxygen and other agents to the netal
surface resulting in the reduction of the kinetic of the cathodic
reactions. The above study is notable since various steel alloys were
tested in different subrrersr on IeveI S of sarrpl e seawater at a fa| rIy

- . b M o,



Half-1ife (year), (day) Rubidium ("Rb) 1.46 x10-11 4.00 x 10-14 4.75 x 1019
1.73 x1012" Uranium (238U) 1.55 x 10-10 4.24 x 10-13 4.468 x 109 1.63 X
1012 lodine (1291) 4.41 x 10-8 1.21 x 10-10 1.57 x 107 5.73 x 109 Chlorine
(30(1) 2.3 x 10-6 6.30 x 10-9 3.01 x 105 1.10 x108 Krypton (8IKr)

radionuclide from a number of pathways, ranging from direct contact contamination to ion-to-ion
irradiation.

In one study, “EFFECT OF SEAWATER LEVEL ON CORROSION BEHAVIOR OF DIFFERENT
ALLOYS” Saleh A. Al-Fozan and Anees U. Malik, Saline Water Desalination Research I[nstitute, the
corrosivity of the seawater is reflected by the fact that most of the common structural metals and alloys
are attacked by this liquid or its surrounding environments.

Oxygen, biological activities, pollution, temperature, salinity and velocity are the major factors which
affected the corrosion behavior of materials, for carbon steel, the corrosion product will be built up on
the surface which would reduce the mass transfer of oxygen and other agents to the metal surface
resulting in the reduction of the kinetic of the cathodic reactions.

The above study is notable since various steel alloys were tested in different submersion levels of
sample seawater at a fairly consistent test temperature. Under the extreme conditions experienced at the
Fukushima nuclear reactor plant, with the added complication of high radioactivity beyond its intended
design range due to the complete breakdown of coolant to control its residual fission heat, the potential
for a wide range of contamination with the various trace elements present in seawater is considerably
higher.

Novel radionuclide contamination route in seawater

Ballast water contamination of coastal cities: In order to maintain stability during transit along coasts
and on the open ocean, ships fill their ballast tanks with water. Large ships often carry millions of
gallons of ballast water. This water is taken from coastal port areas and transported with the ship to the
next port of call where the water may be discharged or exchanged.

The ballast water of shipping vessels has been a primary method of alien species introduction
throughout the world. Scientists estimate that as many as 3,000 alien species per day are transported in
ships around the world, however, not all transported species survive the trip and their new home. Some
of the species that do survive the trip are able to thrive in their new environment. These bioinvaders
can cause disruptions in the natural ecosystem, economic troubles, and even carry human diseases.

According to the IMO, the problem of invasive species in ships’ ballast water is largely due to the
expanded trade and traffic volume over the last few decades and since the volumes of seaborne trade
continue to increase the problem may not yet have reached its peak. The effects in many areas of the
world have been devastating. Quantitative data show the rate of bio-invasions is continuing to increase
at an alarming rate and new areas are being invaded all the time.

A table of the various radionuclide found in the seawater surrounding the Fukushima Daiichi nuclear
power plant indicates the following:

Caesium 137
Caesium 134
Caesium 136
lodine-131

While the half-life of lodine-131 is 8.02 days, Caesium has a half-life of 30.17 years.

[sotope Decay constant (Year-1), (day-1) Half-life (year). (day)

Rubidium (*'Rb) 146 x 107" 400x 10 4.75x 10'° 173 x 10"
Uranium (***U) 1.55 % 10-10 424x 10-13 4.468 x 109 1.63x 1012
lodine ('*°N 441 x 10-8 1.21 x 10-10 1.57 x 107 5.73x 109
Chlorinc (**CI) 23x10-6 6.30 x 10-9 3.01x 105 1.10x 108
Krypton (*'Kr) 3.03x 10-6 9.03 x 10-9 2.29x 105 8.36x 107
Carbon ('*C) 1.21 x 10-4 331 x10-7 5730 2.09 x 106



3.03 x 10-6 9.03 x 10-9 2.29 x 105 8.36 x 107 Carbon (14C) 1.21 x 10-4 3.31
x 10-7 5730 2.09 x 106 Radium (226Ra) 4.33 x 10-4 1.19 x 10-6 1600 5.84 x
105 Argon (39Ar) 2.58 x 10-3 7.06 x 10-6 269 9.83 x 104 Silicon (32Si) 4.95

x 10-3

Radium (***Ra) 433 % 10-4 1.19x 10-6 1600 5.84x 105
Argon (*°Ar) 2.58 x 10-3 7.06 x 10-6 269 9.83x 104
Siticon (*3Si) 4.95x 10-3 136 x 10-5 140 5.11 x 104
Strontium (*°Sr) 0.0241 6.65 x 10-5 28.78 1.05x 104
Hydrogen (CH) 0.0558 1.53 x 10-4 12.43 4540
Krypton (¥Kr) 0.0644 1.77 x 10-4 10.756 3929
Radium (***Ra) 0.121 331x 104 5.75 2100
Sulphur (*°S) 2.89 7.92 x 10-3 0.240 87.51
Argon (*Ar) 7.23 1.98 x 10-2 0.0959 35.04
Radon (***Rn) 66.0 0.181 0.0105 3.8235

Caesium 137 is a multiple radiation emitter with a gamma-beta energy of G: 32, 661.6 B: 511.6, 1173.2
KeV, sufficient to cause irradiation of various substances such as those present in seawater with a
photon energy of 662 KeV.

137Csss — 137Base + B (+Y)

Radioactive isotopes of cesium are a greater health concem than stable cesium. The most
important exposure routes are external exposure to the radiation emitted by the radioisotope and
ingestion of radioactive cesium-contaminated food sources.

Salts of Caesium is very soluble in water, as of 2005, caesium-137 is the principal source of radiation
in the zone of alienation around the Chernoby! nuclear power plant. Together with caesium-134,
iodine-131, and strontium-90, caesium-137 was among the isotopes with greatest health impact
distributed by the reactor explosion.

Molecular damage results from the direct ionization of atoms that are encountered by beta and
gamma radiation and by interactions of resulting free radicals with nearby atoms. Tissue damage
results when the molecular damage is extensive and not sufficiently repaired in a timely manner.

Gastrointestinal absorption from food or water is the principal source of internally deposited
cesium in the general population. Essentially all cesium that is ingested is absorbed into the
bloodstream through the intestines. Cesium tends to concentrate in muscles because of their
relatively large mass.

Biological effects of caesium ingestion in mammals

Adverse neurological, developmental, reproductive, genotoxic, and cancer effects have been
observed in animal studies employing external exposure to sealed radioactive cesium sources, and
are the result of the external gamma radiation, impaired motor activity, decreased thickness of
cortical layers of the brain, and increased aggressive behavior were observed after the birth of rats
that had been briefly exposed in utero to relatively high levels of external radiation from a 137Cs
source (Minamisawa et al. 1992; Norton and Kimler 1987, 1988).

In a advisory document by the Delaware Health and Social Services, USA, caesium 137 exposure
pathway is described as a radioisotope and unstable chemical. lts radioactivity is measured by the
number of atoms disintegrating per unit time. A Cs-137 atom emits radiation in the form of medium
energy gamma rays, and to a lesser extent, high-energy beta particles, which disrupt molecules in cells
and deposits energy in tissues, causing damage. Cs-137 is used in medical therapy for oncology,
industrial radiography. radiation gauges, food irradiators and soil testing. [t is also a potential plume
component following a nuclear power plant incident. When a person inhales or ingests a radioisotope,
it is distributed to different organs and stays there for days, months or years until it decays or is
excreted.
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Chlorine is a very reactive element that does not occur uncombined in nature. It is usually found bound
with elements such as sodium, potassium, and magnesium.

The most common chlorine compound is sodium chloride (table salt), which is present in seawater, salt
wells, and large salt deposits, often in association with other chlorides. Chlorine is produced
commercially by the electrolysis of sodium chloride, and it can also be produced by oxidizing the
hydrogen chloride in hydrochloric acid. Chlorine-36 is generated in the atmosphere by the spallation of
argon-36 with cosmic ray protons, and in soil and rock by neutron activation of chlorine-35. Large
amounts of chlorine-36 were produced by irradiating seawater during certain nuclear weapons tests
conducted between 1952 and 1958.

Once taken in, chlorine-36 behaves in the body the same way as other chlorine isotopes. Chlorine is
almost completely absorbed upon ingestion, moving quickly from the gastrointestinal tract into the
bloodstream. The chlorine-36 that enters the bloodstream after ingestion or inhalation is quickly
distributed to all organs and tissues of the body. Chlorine-36 is eliminated from the body with a
biological half-life of 10 days.

While in the body, chlorine poses a hazard from the beta particles and gamma radiation. The main
concern is the increased likelihood of cancer induction. It should also be noted that medical studies
developed subsequent to the Chernobyl reactor accident is indicative of widespread spike in cancer in
the general population arising from the consumption of contaminated milk and water.

Starting in 1991, a comprehensive monitoring of water and sediment contamination with radionuclides,
as well as their washout from the [put river catchment area was organized in order to test the prognostic
performance of mathematical models that described the processes of radionuclide washout from
catchment areas and their migration in bodies of water.

It should be noted that chlorine-36 on a Radiological Risk Coefficient indicates the following:

Lifetime Cancer Mortality Risk

Inhalation 9.6 » 10-11
(pCi-1)
[ngestion 29 x10-12
(pCi-1)

Additional novel gamma irradiation potential can also be inferred from the following paper, “Removal
of sodium and chlorine from seawater prior to neutron activation analysis for trace elements” by S. K.
Nyarku and A. Chatt, OURNAL OF RADIOANALYTICAL AND NUCLEAR CHEMISTRY, 1982.

According to a paper “Treatment of internal radionuclide contamination” by T. Jan Cerveny, Ph.D. for
the United States Army, the degree of intraluminal gastrointestinal exposure depends on transit time
through the gut, which will vary widely from person to person.

The mean clearance times of the human digestive tract are stomach, | hour; small intestine, 4 hours;
upper large intestine, 13-20 hours; and lower large intestine, 24 hours, resulting in a total mean
emptying time of 42 hours. The much slower rate of movement in the large intestine places its luminal
lining at higher risk for damage from nonabsorbable radionuclides.

Some relatively soluble radionuclides may not be absorbed due to acidic or caustic properties that fix
them to tissue proteins.

One of the principal methods employed to remove undissolved solids from water, or other fluids, is to
pass the tluid through a mechanical filter means, such as a filter screen, filter cloth, filter leaf or the
like. With respect to the removal of dissolved impurities from water or other fluids, the use of ion
exchange resins has become well known in the art.
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[t is the present practice to permit concentration of radioactive materials to exist up to acceptable limits
in a filter apparatus and thereafter to remove the radioactive filter structure as well as any radioactive
demineralization resins for transport to a disposal tank.

A disadvantage attendant to the radiation concentration level limitation is that such radiation level
occurs prior to the complete usage of the filter apparatus as well as the ion exchange materials.

More particularly, it is typically the case that the upper limit of radiation concentration in the cation ion
exchange material occurs when the activity of the ion exchange material has been utilized to only a low
fraction of its full ton exchange capability.

Known methods and apparatus for purifying such radioactive waste waters involve collection of the
waters from around the facility through appropriate drainage into a sump.

Thereafter the sump water is pumped into a filtration and/or demineralization apparatus which removes
the dissolved and undissolved impurities in order that the water so purified may be returned to the
system for reuse or discharged appropriately outside the plant facility.

Such filtration and purification equipment is the type which requires removal of the active
demineralization materials and the filter apparatus upon the occurrence of the upper limiting levels of
radiation concentration,

Thus the known methods and apparatus are both costly by reason of their inefficient use of the
purification means as well as limited in the amount of radio-active impurities which may be removed.
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_Gastrointestinal absorption fromfood or water is the principal source of
internally deposited cesiumin the general popul ation. Essentially al
cesiumthat is ingested is absorbed into the bl oodstreamthrough the
intestines. Cesiumtends to concentrate in nuscles because of their
relatively | arge nmass. Biological effects of caesiumingestion in mamual s
Adver se neurol ogi cal, devel opnental, reproductive, genotoxic, and cancer
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Heal th and Sogi ahtchﬂrJvH&esg,,ALILSAoma@aesmmTlaEeaxmsmeealpatedamy is described
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el ements such ayo&odi um potassium and magnesi um The nost common chl orine
conmpound is sodiumchloride (table salt), which is present in seawater,
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As a result of the ion exchange between the cation ion exchange resin and:
the water, the salts are changed to correspondi ng acids. Thereafter, the
wat er i s passed through a bed of anion ion exchange resin wherein an ion
exchange reaction renoves the acids. As a result, there occurs a
significant renoval of dissolved inpurities. However, particular and unique
probl ens are presented when the fluid contam nants are radi oactive.
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granule surface facilitates selective capture of one or more identified radionuclides from seawater to
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show ng t hentheehniecal specification of the nuclear reactor utilized in the
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fuel rod, cladding rra}ierla , au|loy steel structure and seawater. FIG 3
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i n the st udio@sircuiniha Gadigthtarhe skladtive rhdiphticlideFrériov sthgs reactdrad®l € i1l ustrating the
various naturally occurring radi onuclides already present in seawater.
| oni ¢ i nt erBaed proyieafe! Cpbd iy depsithdigifpatiapsquiinsuve oo HEehs aeyzendeedtiPrde such as Pb
have not b&Bf et H&'8Y while indirect irradiation of chlorides are
inferred. VYarious.qBLaliopxi des fromthe steel alloy and fuel rod cladding
W th seawat er under el evated tenperature and prolonged irradiation with the
reactor comex xspent fuel pool are yet to be assessed for inpact, however,
correlations can be made with respect to Chernobyl 1986 nucl ear reactor
event. |n Zdogmemi(f.1d report "Radioactivity Mnitoring of the Irish Marine
Envi r onment2 2002 4qibl i shed by the Radi ol ogi cal Protection Institute of
Irel and, ré2UfEG'"di cate higher than natural |evels of radionuclide in
seawat er, sgawegadw@ndgrine lifeforns such as fish stocks. Cs 137 levels
not naturally occurring in seawater has been attributed to the Chernobyl
1986 nucl eatourdaot-drxlabv enfab="Fn{By Tmiirs="¥orha Blobilin Pecaits)ng t he vari ous
hal f-1ife dbesttddPofiuclide. FIG 8 illustrates the decay mechani sm of the
r adi onucl i d8¢€>'¥3% and the respective energy |evels during radioactive
decay. |rradiationdachQs,ofGyd37 on trace inpurities of seawater can thus
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of irradiation seawater into coastal seawater body, and probabili%tic rate
of | eakage of irradiation seawater into coastal seawater body by way of
mari ne vessel ballast pickup. FIG9 illustrates one preferred enbodi nent of
the present invention. FIG 10 is a table illustrating the known exposure
wi ndow of Cs137 into the gl obal environnent




FIGII is a summari zed table indicative of the possible pathway for cancer
i nduction fromingestion of Cs 137 or other fornms of radionuclide beyond a
set concentration activity. This indicates cancer induction probability for
prenatal defects in mammalians. FIG 12 is an el aborated sumrari zed tabl e
simlar to that of table Il. FIG 13 is an exanple distribution table
wherein recordings of trace radionuclide in seawater identified as intake
seawat er f @ev.@gbsequent treatnment into drinking water are supplied as input
data. Multiple distribution tables can be further constructed for each
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di ver si on dfleCt?f{é*Céi riogkeides ARt e ferpetifyand meagiemens By the qulzerfgvies an exanpl e of
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| east one geatwatremm*tign@at ment plant. FIG 16, FI G 17 shows hi gh nmagnification
of a zeoli trécgranul e surface structure (FIG 16) as conpared to the high
nagnificatPBH'dr%ﬁg%ﬁiﬁy?%fgdﬁﬁFﬁhﬂPFGPéﬁzﬂféro-crystaIIine structures

resent on PPRE™ ' | e facilitates selective capture of one
gr nor e idele%?h?&-%&,?E,L%%{;Q!t)e?-@é‘,r),1,%)‘.‘%}%&9905 "

ledr onucl 1'des m seawater to yield substantially

radi onuclide-free pre-treated seawater for downstream conversion into
drinking water in the seawater treatnent plant. FIG 18 shows a preferred
enbodi nent 26P-2¢ he present invention for use by a seawater treatnent plant
conpri si ng *4"teVkr se osnosis bank further conprising a plurality of reverse
osmosi s (R FITYTat¥n units. FIG 19 shows a conputer-inpl enented CFD
(conput er pbuhé_QXQQangkhnyggggu{gmpnqqkebwpne or nore variable output to
esti mat e r ahgax.Qpch¥iddixenycl i de contamnation relative to a target seawater
treat ment pdeedt:3.98 8.hbsr(rastCority OF). dboeyN) Preferred enbodi nent of the
present invention Wth reference to FIG 9, a seawater intake source 10 is
identified and at | east a portion of the seawater from source 10 is routed
into anal yzep;yodule 20 for neasurenent and detection of trace radi onuclide
in the seawghglos A nunber of radionuclides such as cesium 137 (Cs137) are
noni t or ed Ry-atxheo@nadmpzer nodul e 20 storing a statistical distribution
tabl e suchrasr@y)z-table in the el ectronic nmenory space in operative

communi cat PB4 -t *Rbiex aitet yzein-npeire w8 = ") set poi nt val ue indicative of
a maxi nal #8?;@1;?;@?ﬁ§%ﬂipgtipq)o[,thg,radionuclide associated with the
z-tabl e is €ofput st POTEET vE h st aREAr 8 deviation a and the anal yzer
nodul e 20 further adapted to trigger diversion of seawater fromthe intake
source 10 into seawater circuit 20a if the neasured signal from nodule 20
exceeds a as8étiated with the z-table of the |inked radionuclide. In one
node of thé¥WﬁVéhtLon, the anal yzer nodule 20 is adapted to store one or
nmor e z-tabﬁE&?ZQP"bT%@T forms of statistical distribution table) each being
associ at ed p)M(_{t_lf_h:QgHQ;: dat.g of @ -det geteg Lrace radionuclide. In one
non-1limtipgnexapetiecesxadd Wth reference to FIG 6 and FIG 7, several

z-t abl es wildgéndt3re8.8.sub@pp @S PORdi, Mgbeagayse) Stored in the nenory space of the
anal yzer nodule 20. In one non-limting exanple of the present invention,
the seawater flow fromintake source 10 may be bypassed directly to the
seawat er treatnent plant 30a during nonitoring phase of the anal yzer nodule
20 whereingpong Qf the a values of each z-table are exceeded. If a

det er m ned ya.ma&l-Wwemofizm speci fied z-table of a radionuclide being nonitored
exceeds t he<tongly)cati ve perm ssible activity concentration the anal yzer
nodul e genek&tés+é xeorit yob="singural™”. tub =& .tpei=E€r nover devi ce such as a fl ow
punp that gWW"Ff@*Tﬂ@“fqbw(qf seawat er fromthe intake source 10 into
seawat er f I'SWIEHT LUTMPS"PB% Fedd) Ng®5 BF6t he sel ecti ve radi onucl i de renoval
stage reactor 200. Based on a normal probability density distribution
routine, we can wite the anal yzer detection algorithmas follows:
t<-seq(-5, 5, lengt h. out =100) max_x<-max(t) dl <-dnorn(t,0,1) d2<-dRorn(t, 0, 2)
d3<-dnorm(t, 1,1)



.max:_y<-max(c(dl,d2,d3))

plot(t,dl, type="1", xlab="x",ylab="density", mai n="Nornmal Probability
Densities") lines(t,d2,1ty=2) lines(t,d3,1ty=3) leg.txt <- ceNO,1)",
"N(O0,2)"."N(1,1)") legend(max_x-2, max_y-0.005,c("N(0.1)",
"N(O0,2)","N(1,1)"), col =c¢(3,4,6), text.col= "areend",lty = c(1, 2, 3),
nmerge = TRUE, bg='"aray90') dev.off() Wth reference to FIG6 and FIG 7, in
anot her preferred enbodi nent of the present invention, we select 8 trace
radi onuclides for nonitoring, detection and neasurenent by the anal yzer
device (nodule) 20: N<-101 t<-seq(-2, 2, length.out=N) x-t xnormrnorn{(t, O, 1)
par(nfrowrﬁﬂﬁpﬁgg a<-0.02 signma<-0.85 y<-a*x-rxnornfsignma r<-cor(x,Yy)

plot(-4:4 Sfﬂj**_+lab— X', ylab="y', main=", sub = ",type = "n")
poi nts(x, yipgﬁ"rxg“Eéfmﬁ 2) legend(-3.9, 3.8, substr(paste("r=",r), |, 8).

bg=" gr ay 90"y as%-. 04205 Sic By Onaln=y~, &HX-XDQRIF G gma
points(x,y,pch=19,cex=0.2)
legend(-3.9. 3.8,substr(paste("r=".r), 1, 7), bg="gray90")

a<--0.33

sigma<-0.3

y<-a*x+xnorm*sigma

r<-cor(x.,y)

plot(-4:4, -4:4, xlab= "X, ylab="y', main="", sub = ""type = "n")
points(x,y,pch=19,cex=0.2)

legend(-3.9, 3.8,substr(paste("r=",r), 1, 7), bg="gray90")

a<--0.45

sigma<-0.00000

y<-a*x+xnorm*sigma

r<-cor(x,y)

plot(-4:4, -4:4, xlab="x', ylab="y', main="", sub = "",type = "n"}
points(x,y,pch=19,cex=0.2)

legend(-3.9, 3.8, substr(paste("r=",r), 1, 8), bg="gray90’)

dev.off()

A simplified code in C can be implemented within the memory space of the analyzer module 20 as
follows:

public static double Deviation(double[] Values, DeviationType CalculationType)

{
double SumOfValuesSquared = 0;
double SumOfValues =0;
//Calculate the sum of all the values

foreach (double item in Values)

f
t

SumOfValues += item;

1
s

/{Calculate the sum of all the values squared

foreach (double item in Values)

f
1

SumOfValuesSquared += Math.Pow(item, 2);
!
if (CalculationType == DeviationType.Samptle)

{
return Math.Sqri{(SumOfValuesSquared - Math.Pow(SumOfValues, 2) / Values.Length) /
(Values.Length - 1));

3
§

else

[
§

return Math Sqrt{((SumOtValuesSquared - Math.Pow(SumOfValues, 2) / Values.Length) /
Values.Length);

!
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r<-cor(x,y) plot(-4:4, -4:4, xlab= "x", ylab="y'", main=", sub = ", type =
n") points(x,y, pch=19, cex=0.2) legend(-3.9, 3.8,substr(paste("r=",r), 1,
7), bg="'gray90') a<-0.35 sigma<-0.5 y<-a*x+xnornf¥siuna r<-cor(Xx,Yy).
plot(-4:4, -4:4, xlab= 'x'. ylab="y', main=", sub = ", type = "n")
poi nts(x,y, pch=19, cex=0.2) |egend(-3.9, 3.8,substr(paste("r=",r), 1, 7),
bg='gray90') a<-0.45 signma<-0.2 y<-a*x+xnornt¥sigma r<-cor(x,y) plot(-4:4,
-4:4, xlab="x', ylab="y'", main=", sub = ", type = "n")
points(x Yy, pchsliSnoerauidiydeegend(-3. 9, 3.8, substr(paste("r=",r). 1, 7),
bg='gray90') al <-0.30 S|na< 0.1.5 y<- a* x*x- xnornf5|rna r<- cor(x )
plot(-4:4, -4: 4““%*%%- X', ylab="y'. main=", sub = ".type = "n")
p0|nts(x y. pch= S1I¢ ex=0. 2) legend(-3.9. 3.8. substr(paste("r— ry, 1, 8).

bg-'

uay90')

The stage reactor 200 is supplied electric power from a power supply circuit 200a and in one preferred
embodiment of the present invention the stage reactor is a electro-coagulation radionuclide reactor
stage, and in yet another embodiment of the present invention the stage reactor 200 is a ion-exchange
reactor stage.

In some current seawater treatment plants such as seawater desalination systems featuring reverse
osmosis (RO) units, if radionuclides are measured at the intermediate flow permeate it would indicate a
high probability of contamination in the RO membrane or the ion-exchange beds within the untreated
desalinated water flow, which is very costly to replace.

Stage reactor 200 can comprise of a electro-coagulate radionuclide removal stage with seawater placed
within the reactor and anode-cathode bank with an applied DC current to cause selective coagulation of
the radionuclide to the coagulate agent either disposed at the anode or cathode end. The coagulate
agent may be a specified polymer or a metallic coat on either the anode or cathode thus allow efficient
coagulate-radionuclide removal either in-situ at reactor stage 200 or downstream of reactor stage 200.

Pre-treated seawater substantially free of the trace radionuclide flows in circuit line 200b to a valve
control junction 200c to be routed to flow circuit 20b that is operationally connected to seawater
treatment plant 30a.

It should be noted that seawater treatment plant 30a can be a terrestrial-based facility such as a multi-
stage flash distillation plant, a reverse osmosis desalination plant or some other variation such as multi-
stage vapor compression plant etc., or a seawater treatment plant onboard a marine vessel such as a
ship, a barge, offshore rig platform.

Mathematical modeling of ballast water discharge

[n one preferred embodiment of the present invention, the novel radionuclide contamination route in
seawater via transport of ballast water from marine vessels is modeled via a computer-implemented
method by first identifying one or more discharge zone of a determined detection area.

With reference to FIG 19, a control domain boundary condition C10 is specified having a horizontal
plane domain geometry of a specified height representing the volume of seawater body surrounding
fixed computational mesh blocks of C50 and C60 with at least one identified seawater treatment plant
TR10 and at least one intake boundary point specified at 200.

To reduce computational demand during modeling, the domain C10 may be specified as a multi-block
configuration where the mesh block C20 and C30 are modeled based on the input variables related to
the mean frequency of ballast discharged from a control population of marine vessels during a
determined time interval. This can thus be defined within the computational domain as a discharge
zone (C20 and C30).

The detection area would suitably encompass or within a determined loci proximity to one or more
seawater treatment plant, and each discharge zone is utilized as a input variable domain set comprising
the following input variables:

1) approximate frequency of marine vessels discharging ballast water within each discharge zone,

2) mean/median ballast discharge volume from the vessel population of the target discharge zone,

3) determined time interval of discharge for 1, 2

4) contamination coefficient:



cal «<-0.35 sigma<-0.2 y<-a*x*x*x+xnorntsigma r<-cor(x,y) plot(-4:4, -4:4,
xlab="x'", ylab="y', main= ", sub = "" type = "n")

poi nts(Xx,y, pch=19, cex=0.2) |egend(-3.9, 3.8,substr(paste("r=",r), 1, 7),
bg='gray90') a<-0.33 sigma<-0.3 y-a*x+xnorntsigm r<-cor(x,y) plot(-4:4,
-4:4, xlab='"x", ylab="y'", main=", sub = "",type = "n")

poi nts(x,y, pch=19, cex=0.2) |l egend(-3.9, 3.8,substr(paste("r=",r), 1, 7),
bg='gray90') a<--0.45 signma<-0.00000 y-a*x+xnorresigma r<-cor(X,Y)

pl ot (-4: 4, Thdcoftaminkiataserficlent is dhi@DFom Yrisk scomkdlmlation by SobtBlatimg the foytP@psor” N™)

poi nt s( X, y rehscid@ofeak dehtifdd nladgersek] ae3in®ihe @diBugidbdsk popatdtef dlroritlaax, 1, 8),
bg="ar ay90'o}e off groese fopipoimts whiergpficicfis ap gleveodidsk phpickcugefihallse witerhtvingdigheed wit hin t he
menory spad®e" grel ifgnugiiai)3Birittpdul e 20 as fol l ows: public static double

Devi at | OI’]( %%%pelo?ru lu}llé}nl é‘éﬁl? d o e\{:lc)g{r&%%E T)é e?ﬁcgal\&g;lpcle%tnlin%%-gxmr oqQalr‘ileg

Sunof Val uesattas ﬁs‘ﬂ sc%redélcu(f@d-lll &eri &2@ eMERd V_ari(Ql's tensor factors would have to be
sufficiently incorporated to accommodate variability such as seasonal jetstream flows, reliability of
data measured from each marine vessel, etc.

5) propagation probability based on identified turbulence transport equation model: because of the
large number of variables some of which cannot be easily predicted with a fair degree of statistical
confidence, the degree of mixing between the ballast water discharged from one or more identified
discharge zone over a calculated time interval (which should be longer than the time scale interval of
step (3), is extrapolated by a given turbulence transport model (which in the simplest form can be a
Reynolds averaged Navier Stokes [RANS] turbulence model) based on localized number of discharge
spots within the identified discharge zone.

Since tidal influences can be fairly consistent and can be forecasted ahead, we would develop the
turbulence model chosen (such as RANS) based on a maximal number of discharge points wherein
such maximal value is the mean frequency of vessels discharging ballast water within the time interval
of step (5) multiplied by a peak factor, notably to account for variations in cargo traffic volume
depending on the time period, for example.

Based on a “globalized™ domain boundary within the identified discharge zone, the time-series
calculated stabilized radionuclide activity concentration can be forecasted — to which its accuracy
would depend on two factors; choice of turbulence model relative to the localized condition of the
discharge zone and deviation in variable inputs which can be subsequently corrected.

With reference to FIG 19, the turbulence flow depicted at TU10, TU20, TU30 and TU40 would have to
be identified and modeled as either dependent variables (tidal effects) based on a smaller error
coefficient, or dependent variables (climatic-influenced wave-tidal flow) based on a large error
coefficient - the mixed zone depicted at boundary C40 would be one of the last input variables where
the mean radionuclide contaminant range is calculated as a fluid volume source for seawater intake
point 200 of seawater treatment plant TR10.

Multivariate analysis using the above variable inputs (and the selected choice of mrbulence transport
model to derive some of the inputs) provides at least one output variable such as the activity
concentration of seawater that is collected by the seawater treatment plant identified either within or in
proximity to the identified discharge zone (or zones).

In one such example, a multifactor analysis can be computer-implemented to determine the selected
output variable for modeling and operational monitoring and tracking, with reference to FIG 15, an
example non-linear factor analysis equation model is utilized for computation in a computer-
implemented system wherein 1000 shows the simplified model where Z.sub.i is the observable
variables, f being the latent factors for each individual and e being the measurement error.

The functional relationship between non-linear coefficients such as variables at step (2) and step (4) are
corrected by means of the additional nonlinear terms as indicated in the simplified variable equation
model 2000.

This solution thus allows for consistent modeling of the possible radionuclide contamination effects
brought over to the identified discharge zone by marine vessel ballast water transport. Using the
various other embodiments of the present invention, the entrapment and gradual accumulation of
dissolved radionuclides downstream of an identified seawater treatment plant is significantly mitigated
at an attractive cost/effectiveness ratio.
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[l Cal culate the sumof all the values foreach (double itemin Val ues)
SunOf Val ues += item //Calculate the sumof all the val ues squared foreach
(double itemin Val ues) SunmONal uesSquared += Math. Powm(item 2); if

(Cal cul ati onType == Devi ati onType. Sanpl e) return
Mat h. Sgrt ( ( SunOf Val uesSquar ed - Mat h. Powm Sun0Of Val ues, 2) / Val ues. Length) /
(val ues. Length - | )); else return Math. Sgrt ((Suntx Val uesSquar ed -

Mat h. Pow( Suifpéadnuasaio?d / Val ues. Length) / Values. Length): 1 public
enum Devi ati onType Popul ation, Sanple The stage reactor 200 is supplied

el ectric pdwer vdripgmtes spewertorsdipd iyn-efthrog reeci@ 0@a thandieiignedopeifigiefoer r ed
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enbodi ment p9f; J.bh& REESEHt invention the stage reactor 200 is a ion-exchange
reactor stage. In some current seawater treatnment plants such as seawater
desal i nat i omnthis yist edfisioh @athtdke sbigce bENIGP 8@ saaB AR Sttke oM of bltvinkiSg wdtdr supgi onucl | des
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pr obabi | i ty”‘tﬁ'l‘ ‘h%‘éjﬁl"waﬁa’c‘lP@HS fiyertedipo oy qrerdipedieang ntotpFareftpen "éa@@hange beds

s d fi t w 1
wihin the BHEPEALSE R CHL e WL T R P R RO o
repl ace. (tv QL 200 1 Geh, fga i'se ot ECtT0-Coagul'at’e radi onucli de

renoval stage vvlth seawat er pl aced W|th| n the reactor and anode- cat hode
bank w t h @pnappdnvedaibC current to cause sel ective coagul ati on of the

radi onuclide to the coagul ate agent either disposed at the anode or cathode
end. The cd¥ *maaﬁt@" é"ﬁ‘t"d‘ﬁ*ﬁ O‘B@ PEESERIRER PR, eera%p@re Frekite gaee @mﬁ@t"almlelot coat on
el t her t he aseawater treatmenf Plegdto 1€ ggﬁ)gijif ragijnvc éreﬁelen 6rél‘ [ttfieategtseae Fag‘ﬁﬁtean(” I de
renoval e|tt FoedsiDi Shike ulta pnr[é@tg I Qlwas Q[ downSE F éam of react or st age
200. Pre-treated seawater substanti al y ree of the trace radi onuclide

fl ows in CiFbGuutti-skagde@ol 2B 140 mensurdrl emtef R oilyredtedjstaR ériydideddBa fitso be routed to
fl ow cCi r cuiz¢oli@ 04 stagvat mdagred freraat rndivvad!iHymaori mee topessinthsmavitrescdt r eat ment

plant 30a. S gkou F“ﬁ“dﬂé’"ﬁéfdéagft Tgreindkeamggptiad paftitllydeHI Nt VHIT AT S'88a can be a
terrestrial egbﬁ%%ﬂ (Eisf‘i"i‘xe?ﬁé’ﬁd 4804 IR ret“’l“é‘{e%%"éa“f"f ‘ég‘f'if"'éi‘la%“ngﬂPeaf'fsiton plant, a

€ me; partllald/ uieate seawater exce determined thre
reverse osnosl s e aI I nNa varil a{I on S%JCh as

mul ti st age \MQdﬂQfD-QQEWfs@@sﬁbmllﬁzlt@mlﬁneﬁsﬁa@eSystgﬁ a seawater treatnent plant
onboard a mari ne vessel such as a ship, a barge, offshore rig platform
Mat hemat i ca\’f'thrﬁqﬁﬂ@tqt% G@f. atpeik] cagedingaitoghe id?ssléhaenq«e is|hprety isclqysdefherin ed

enbodi ment f§t filfien i5p sBékf uppfd it fepriter e SHdveyield ad'ﬂitéerﬁ‘ﬂ‘?i‘lel“ﬁ'és ¥feam nati on
route in seavvhf’e calfiine Y ﬁsport of ballast water frommarine vessels is

nmodel ed vi afh@ﬁl@aqgmﬂrtkq:rB'[ ':dm} ﬁg omtrehlgrgm%raﬁé Jev?htes équagtﬂl{rztfyt}an& one or nore
di schar ge zgmeudhisdo damgmen& ﬂ&keeeuacmoam@mswtomerdefrsegseaﬁbelewﬁ@ FIG19, a
control domaiomabpermdaroyting dIfiokibd foim SBIFD2 in® igpeaidfiivethn hav F BIroapdiag & zont al

pl ane donmirhirapie ofreverssosodsis RQ pats fofyicdld styeridgrneaedioviesie pcord gerhqa liveo| une  of
seawat er bS®y? &R O A SRR IR ETPE HFRYE at | onal mesh bl ocks of C50 and C60

wi th at 'e@}ﬁetﬁré?gé?méag‘?ﬁ‘etéwﬁg 2SERVGE etécIu?F bilee Rl @Rk, IRG.20¢ at |east one
i nt ake boungarish oPPdeRtmiPRledbkrloPddidhhiclidORhuer I i Gk & FEORRbALhORal denmand

duri ng nodebhngs filkdhen dardin Cl O nay be specified as a multi-bl ock
configuration where the nmesh bl ock C20 and C30 are nodel ed based on the

i nput var i &tinggheinspnge wgretfiest meh@a‘ﬁﬁ%"gff'iO@@ueﬁdwordfﬂnlﬁéﬁll hagtetdieschar ged from a
control pog F‘i“f}‘hac'b‘l“yﬁ’é{?t“ﬁ‘és(‘j{}géo‘é‘glél"é}fgﬂﬁl“ﬁgmﬂ‘r e BT E< nter val .

. the Tir rmeate,is div thera onu etreatmentst
This can t ed W

B 6T b QTP TRl UG, s, di schar ge
zone (C20 S Wecly )reeon@raﬂaIuagLsoqnm@f&@rmhal esffﬁu ably enconmpass or within a
determ ned | oci pI‘OXI mty to one or nore seawat er treatnment pl ant, and each
di scharge Zbngeaed” futtpdrneedicds! f@mirapuon/iatd @bl igo SWMEI fmsedseComPr | Si ng t he

fol |l ow ng pmme llvfaﬁ—wpé,gr(égx-bsequent filtration by second filtration bank FB2 into the second permeate
product flowing in line SWP2,

Zeolite manufacture and preparation

Zeolites are microporous inorganic crystalline materials with uniform pore dimensions. The zeolite
framework consists of TO4 tetrahedra units, where T is predominantly either a Si4+ or A3+ atom
located at the center of the tetrahedron. Other T-atoms such as (Fe. Ti. Ge, Ga, and Se) can be
incorporated usually in small amounts, or as impurities. and for special purposes.



1) ‘approxi mate frequency of marine vessels discharging ballast water within
each di scharge zone, 2) nean/nedi an bal |l ast di scharge volune fromthe
vessel popul ation of the target discharge zone, 3) determined tinme interva
of discharge for I, 2, 4) contam nation coefficient: The contam nation
coefficient is derived froma risk score calculation by correlating the
route hops or route points of each identified marine vessel against the
radi onuclide risk score of either all or at |east one of the route

hop/ poi nt s Teseeede ubiB@regideStogetheth @vals eguldt krskgedbntPhralgh thpredddxypatbnasd wat er

havi ng hi ghem at ¢pareriisUalice radinpapreds peclcda denmsiveritts whithagesaelegflesc@s ol ut i on
required ofPeielEs- Jibf fha RICRETEYR S deEmprddy da ey laficeddt Ryciiiheiferie it ttber  of

vari abl es lglt;i;*gg‘;g;é,g{ PRI e ggggjﬁggt&'@gcfgjggﬁf%ﬁs FEGEEMETHELEEPE cient, and
various tensor factors woul ave to be sufficiently incorporated to
accommodat erhy@ystafikd Zdiitefraéobk cAfiesS Q00 Margh, @dSE MQATNAE 4epanBs onk@bhaki | 1ty of
dat a neasurcesbrforpbicalle abfinraAi3Re vessel , etc. 5) propagation probability
based on identified turbul ence transport equation nodel: because of the
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fal _degr e L SIS EEHY COMIDANL LR SR T D ven t he
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calculated tinme 1 nterval (which should be |onger than the tinme scale

i nterval ofThsfrapwdrBhargd md @Xdnk ap@patasrds hay darerghiny @flioh ekelatde @RRg@iet sfansport node
(whi ch in tzvétes Feppleegth Idworiin cm: @geonstitRalermbisiddy dvér mgecttradri! eires IBvokes [ RANS]
t ur bul ence 'SYoHEAYe st eTh ehales d BBl o P ishficsredraPgerpet$idni t hin t he

i denti fi ed P8 RSP PBHE. Since tidal influences can be fairly consistent
and can be f QL&eas bEHmRNGE 8%uranlifer A 6l IEHEHAPsik RE ek Bk 61Ma&agiRdel  chosen
(such as hiphiS BldreRR, e AN hrFblres BROTR Bdve Qod Hleshnas GBngDHe Bh&rswRer ei n such
maxi mal  valaghed o $mirdve theiesaengthr e gprisR e hulay s ef indetius:e brakgiimegd hlad. &ast  wat er
wi t hi n t he tii reeear¢hpiheiagiig landgfleumtaes ysed B)binded- t i pl i ed by a peak factor, notably
to account for variations in cargo traffic volunme depending on the tine
per i od,  foroaaead oAt S GBI SR RISFY W i n ¢ he
identified discharge zoné, the tinme-series calculated stabilized
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i nputs whi dHs %fa‘ﬁ'eb‘ée”é*dlﬁ%a@gﬁ@m’ Pifh g feirabedrabepeet igkedihrpugh evenqdlemt ®omE| G 19, the
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on a smal | eficulles@ied @ BE foliiifpRkides Hpreftee Pil@Mbge ¥k digb ki©3, 5¢.¢d%; Madj c- i nf | uenced
wave-ti dal 3fiBow)oteamed%on a | arge error coefficient - the m xed zone

depi cted at boundary C40 woul d be one of the last input variables where the
mean radi orftitd doe &G EH TS bﬁsaﬁgéhf;i%‘e"tégféﬁ Fpegalgs sy ast ume sour ce
f or SeaV\at él?e I'Lﬁ?]rgtﬁg‘—%\am Cfl(g:: g@}g’ §§CS oéc%ae{&ae&él[th?s r%ngtﬁl ﬁr‘éi%llte sil:ﬂn atlli pJI. lfgé on
MUl i Var i atiinADRALY Sheh ikl BOvHed 6is ARAVA HAE hABL 1) RRUb S AT ne Sel ect ed
choi ce of tputdldfeangankhgeansm@rt nodel to derive sonme of the inputs) provides
at | east one output variable such as the activity concentration of seawater
that is colWhketherkripy prefaeed sebpdimeny harerbeadivenitd apd depetibed dient befundegitoed thdher wi t hi n
or in proxit et"}ﬂ f‘E)“"t‘J‘ié‘mi‘H‘éh‘,t"‘Ef“i“éﬂ?“ﬂ'l LR dfbﬁ@“dg% cogrbegyditttone such
exanple, a?’ l;l?,“ief“ﬁﬁ?éﬁ“dé‘ﬁ%ﬂ“‘ R e R A R s R i Lo

—

(4]

the sel ected out put variable for nodeling and operational nonitoring and
tracking, with reference to FIG 15, an exanple non-linear factor analysis
equation nodel is utilized for conputation in a conputer-inplenented system
wherein 1000 shows the sinplified nodel where Z. sub.i is the observable
variables, f being the latent factors for each individual and e being the
measurenent error. The functional relationship between non-Ilinear
coefficients such as variables at step (2) and step (4) are corrected by
nmeans of the additional nonlinear terns as indicated in the sinplified

vari abl e equati on nodel 2000. This solution thus allows for consistent
nodel i ng of the possible radi onuclide contam nation effects brought over to
the identified discharge zone by marine vessel ballast water transport.
Usi ng the various other enbodi nents of the present invention, the
entrapnent and gradual accunul ation of dissolved radi onucl i des downstream
of an identified seawater treatment plant is significantly nmitigated at an
attractive cost/effectiveness ratio. Plant Design Variation A ln one
variation, the stage reactor 200 is a ion-exchange reactor stage that is
desi gned specifically for renoval of radionuclides such as Cs-137 to

provi de sufficient isolation of the contam nated seawater fromthe

o . g, I o, T T T B oy .y Y M ..



For a multi-stage zeolite bed plant, neasurenent of partially treated
seawater yielded froma first zeolite bed stage is neasured for trace

radi onuclide nmaterial prior to passing the partially treated seawater to a
second zeolite bed stage, wherein the neasured partially treated seawater

i nter-stage between the first and second zeolite bed stages will represent
deterioration in performance of the first zeolite bed stage if the neasured
partial ly toieated seawat er exceeds a determ ned threshold range. Vari ant
CD-1, Reverse OGsnosis Filtration Inter-stage System Wth reference to FIG
18, anot her ehbddichehpr roftreptment pfidissotypat and yndiesabvedomideesivireatesiydighivdidd) ised wher ei n
a first filtrat Feé‘f‘]a‘%&’r“tl’f(“’l‘%'lam?“sn SEPEHST &P AirTg "eEHANATRIZEHHFERPGW to yield a
first permeate fhat 1°s fiowing in first perneate line SWPL2. The filtration
bank FBI conpri serﬁlfﬁlgptaamértntavesmmeahd&lre@ttnge@waa@em@mmﬁe\mew&esuch as
ultrafiltrati onmappag alietsd saldds fof @icd BBRVEmGHSRRBMEE particles, selected
contam nants et diverting cofieadddeafvatyr St elpee-reatagonatipre br man: raiymeciide topepat i ng routine
is flow ng fronf“S\%PE‘?dF??E‘tba“talﬂ@"Sé’é'é?ﬂﬂgtfai"rlfqe‘a%e?“dﬁf bank F B2 conprising a
plurality of r e\ffe‘ upe thyelery %ag nd ﬁ‘ﬁ’l"f °rT g °§@§pﬁ&diﬂe‘?"’%‘ét e flow ng

re-tre

in second pernegie ta’f‘hf’ T Y ATl L %tn"g%{ \jﬁ‘{i Lelspeci fication.
The first permea'gte, |netrS\/\PLe'rl |s a ter "ge tectOENglr? p%@%t SW'PlI to

perform nonitoring and detection of a determ ned nunber of radionuclide
matter that 13 preesdnd ofclamfliwhgtin pdecre sebwenteg @ digsrad focklekroomnghiptiog if ofeiok t r at i on
bank FBI. Duri ngowFgiotudgt mire lovohierllects sqagiter preasyreseeraseds ¢ dnyammiepd frecom i r st
filtration bank i ffagioa vaeeetst “ tonedmeratliopsct i vity count that is

i ndi cative of aTﬁe }{lgd Jre WJELrE f écgp(lf!)g llago% cgrgdplge@ggs i QS clicﬁl\égll'ect( RCL) t he
first perneat € bured (18 kb @ cJiIEQsdah I dispdRL Benheon A aRfak S Endlado@NUC] T de
treat nent st ageapqlemm @the ablion0Qe Wheh Rt dissélad o) teledddeso MR tdcefguistek@ct ed 1 s

sui t ably renoveededed cdaptamagenf.i r St perneate substantially free of the
radionuclide to within a determ ned -safe" RCL range. The -treated- first
permeat e yi el Hed B ¢ 8 gfreropesliyc %feé‘bftebaelﬁawf?ﬂfﬂtfswﬂemwdam "treated"
first perneate [I"Re"&RPLITF BF° CUBLEGUERY FEFal o by second filtration

bank FB2 intost b R86ARiRQMWIESEL She B RLate fdioRVMidddndyhcal hAGiremifdgnaleol i te
manuf act ur e andispfeRAkuPSlkOn a £RGIid IpRSesRF B gdibrak 640 OF ASirabet o @NideC cryst alline
material s with ewisfcgrdivripopetatd anievs pows: cofdy@ndiedbteringed ragevemerdk consi st s of
TO4 tetrahedra @fyiatios valygobsegh sqid jrage 1’@1“@@6\‘# yrapica! gistaiutiondddlea Si 4+ or A13+ atom

|Ge(308.23§d Zf’]dt h§e) gns't[er%geégje trE:art]n?emtﬁgl %and uni soqlegradloactl mattmﬁadlogucllcﬁ m( Fe Ti.
' . s€;

_ . rJoFle(élQrEaQQr(of} até.’%%% Jidag o2 ket IRl L. armHaL ¥ planp |
inpurities. andddnBfsissRRGER! pur poses Tetr ahe ra units are | Ol ned t oget her

in various regul ar arrangenents through shared oxygen atons, to form an
open crystal | attcheer oelrtapianiuntgr ipotifeigs Otawael igge ka@rce i Frawesdr mraee into which
guest nol ecul es%ﬂﬁ“sﬁe‘he‘t“% ﬁf‘e““@"hsé?e‘“ateﬁemkms%'fcbstruct ure is determ' ned by
the crystal lattic precis uni f with.no distrijbution of pore

an a.neﬁy /Zer dE\r lCC urm% COigCCted seawa Cl‘ or trace&ﬁ i or mor ra onuc

size. This pOI’ ear§ Zeﬁde(@egiu %tt Sond iR nlegsgém QJ’ en rom O{] er
nol ecul ar si eves such as th e mcroporous charcoal and anor phous carbon. The

crystal |l i ne zeok fis@lufl parpeovdivkrti@abilet @Seadvatrdgdituianod irchapGeon fadChfiodeSr magni t ude
depends on the apetusendd radigosids phicle ald byspeguidoditer fag teedvinkl U8 uspehftds charge i s
bal anced by cat raéfﬁfs'clldeeagCiezochf'dnfwtﬁeﬁsafEF EAEOYRMs gt BN §ecof e avi t i es or
channel s) to obP&f HE Kt PUf IHBTICE s §ROG P PR S EYWLEUPE “H4/Bl cal cati ons
i ncl ude the al ka%l he (Li+, Na+, K+, Rb+, Cs+) and the alkaline earth (M2+,
Caz2+, B&2+) cat hrﬁl@&rdeal& ﬂfﬁrlelisuta@ ﬁN‘M’e‘ttreatgdlng’EbervIM%fo(tta@Jf&%IWé anmmoni UIT) and
ot her ni trogen- digoinddaidPhuaiie aidgedniz€ deat i@t a sddasl daécanmwande relaege: and
cations are irrpéjgrelant as they determ ne the ion exchange properties of
zeolites. Zeolites J;D Al3+ content or constitut ed excl usively of Si4d+
inthe tetrahed?%f[;’:tgét' s‘lmﬁg %,Pe tBW”ﬁ‘é’%f?yeeaﬁ?te’ﬁ%’ﬁ’?erf&eef‘?"efﬂ"éw kicharge and
0 at ed radignuclide€ tq one of more ¢lected
therefore exhi bideanfibdh dgegoeglag YL QRNADI &k d aeagqmi RORe bWingxchange
capacity A powde ei&adcdgi:hQRdReortdredBsoG b ith @iz @R chdo@ant-ladkn SwaARPr OPr i at e
size for furtherolwsidigadkecird Pléaedd Geadatd v@lniepismgally Fledf ededr @qre t he granul ar
zeol tes shoul d Hzviesdgpdoukckk penigh hneaf hay sefong jompped The dhjepdershar e added to
i nprove their strength. Severals of the popul ar kinds of binder used are
kaolin and talcum In this research, the kaolin and talcum are used as
bi nders. Rocks that are rich in kaolinite are known as china clay or
kaolin. Kaolinite is a clay mneral with the chem cal fornula.
Al 203. 2Si 02. 2H20. The chenical conposition of kaolin consisted df the
foll ow ng oxi des expressed as percentage by weight; Al 203, 39.8 % Si 02,
46.3 1)/0; H20, 13.9 % It is a single layered silicate mneral, with one
tetrahedral sheet |inked through oxygen atonms to one octahedral sheet of
al um na octahedra. Tal cum is a cl ay m neral W th the chem cal fornula
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.CLAIMS: |I. A nethod for pre-treatnent of dissolved and undi ssol ved

radi oactive matter (radionuclide) in seawater prior to reclamation of
seawater i'nto drinking water in a seawater treatnent plant, conprising the
steps: identifying a seawater intake source and collecting seawater from
seawat er i ntake source; neasuring collected seawater for trace of one or
nore radionuclide; diverting collected seawater for el ectro-coagul ation of
one or nore radi,HHakid 88t ol s@bnd PRIB1ALEEHE bo16RAJWIARE reaGERpld 0 Yi el d
coagul ant - | aden rs eamadiet o BRBYwHg. t he el ect ed coagul ant and one or nore
radi onucl i de from coagul ant-1 aden seawater to obtain pre-treated seawater
substantralIy7fﬂbewﬁﬁﬂéﬁeméﬂmﬁﬁr@ﬁﬁadweﬁuetﬁdém“P@Bbi%QWWﬁéY@ﬂéﬁtreated
S T T [, L0 gk ng vt er.

2. The method of CTAl ﬁlf VRET Siehe & }ﬂgﬁg EAesURINE T e B VR ed for

el ectro- coagulatron IT one or nDre radi onucl i de trace | evel in collected
seawat er neasmredegx@eedamawde&ekahmede&mﬁ&dsmﬂmd@mds@ewme&mon val ue
associ at ed W t h asiyeer davicerpi eecqnd climpmrertaredieviatigh sighil & imtisttivyod adfastohai m | wher ei n
el ect r o- coagul aticond vewsrdiriuslisls mepgugiepgisephexadedivg gt ferends sepeint segrdtesst  ( DC)
though col | ect edSBYEFEY VdPEPIRICH BELWEER MalHifoti “appar at us and a cat hode
apparatus o gaure,Latl-ankGhids, GA0LANLNILASR1NER, LGk SHspended soli ds
to coagul ate wit ect ed coagu ant agent d of claiml wherein
col | ected seawaUeﬂmhammﬁa&ﬂmedohmamkaamemmadmﬁﬂuﬂbmﬂﬁmnmﬁpmmsmmgmone or
nore trace radi onusitiodd sanadrytd dcialingveasiuf @merrt regimgn alnt, comprifihethqret hod of
claim4 whereinsetie or nore trace radionuclide anal ytical neasurenent

S| gnal Is di gl taclentxl)-llmg pgwlteerqnta Osot?'rc an(?co}{tctlr%as'clea Eter(?rcorggsoartertln% %tﬂ'er ate one or
nore trace radi %&ég ti ir @jce Q‘Io§ o[rl'n ﬁ/LSQIOedtrﬁhttgh one or nore
correspondi ng deternlned trace stan ard devi ation val ue of each said trace
radi onucl i de st atvirSigicelgtteddeashitrd fludldcond rddailcBie réovafor syt @ore digslvgar e- t r eat ment
of dissol ved andediomdlidssoficlke:-treadi seasti svietarralltfer ofcnadmondisbivde) in seawat er
prior to recl an@dioplidsf seawater into drrnkrn water in_a seawater
treatment plant CEBHHPSITY SEHEST EPE ‘5“?}%9@? BF rerqrriR s Bpsteat us for
identifying a séaWat er intake source and seawater intake appar at us

col l ecting seanat&hetloli HNFEAWRALES col e beBn2PH 1IC&red B keiBRA rYERLcligeVvi ce for
measuri ng col | ecinchi 5eavah@t difs@Ved taliaaelide fracoRe:! i@ tollbaid eeatvad imesuted i de and
anal yzer devi ce etteqds vdergpirgd frice 8dnddrd @aigion aatle esateled dieh oneasyrdineintd si gnal ; a
first fluid punﬁmﬁdﬁmdiverting coll ected seawater for filtration in a
suspensi on fi nor.e end rad 0 cIJdemQartnge and

u
Suspensi on 111t a: rtt;triéfrt‘:vwrg“ ThETE fﬁ’gtt%zt”‘zagr*’ bl A B o viera
ol une

first pre- treated seawat er v substantial ly ree of one or nore

suspended r adinMuchdideofRamt iochacihatetdd @hwa0n e medsurtdiberadeirddBbuciddnput ed trace

devi ati on si gnalcympeisied opg@mogt@disiotyet tfagerradippasderapatgjcal ngagtrempnrtgigial eat ed seawat er

vol une for trace_ of one or nor e di ssol ved radronuclrde and, anal yzer device

deriving a seCorld® PyUael PEHPAHHET 8" PEHSTH Hidf anigidacond f1 uid
easury ment signal is di dtoa a lca roces or to e rate one or more

punmp for divert Idngﬂvﬁd tFa?etradR)rn gé é%ltbfeaa lél‘%gt aglre an\ég g)rrrespondmg

el ectro-coagul atdttgmmt(nraaerttaedaaetvraqorﬁaagdrL:at 2R ioFREAL 2 radbrucORtEraiicallOT €

di ssol ved r adi onuebitdenatio one or nore el ected coagul ant agent to yield

coagul ant -1 aden seawat er and el ectro-coagul ati on nodul e renovi ng the

el ected coagul‘%utt1e Bted ofrseinpl0 wiespipseliftysuienagide radtrelrrereqfrfﬁeneforw

coagul ant - | aden §%ﬁW&¥Q?mW6Wﬁﬁ§“¥dh%ﬂPﬁw k§@ h étéHL ‘bavat er
o Ee” st an e PO A SR R RS o0
one or nore secaq fa% rrs a@tﬂ%ll(ﬂﬁ\@@éﬂh@@w@cﬂ@@mree@ct 6argrdant gEHt punp for

routing second pre- treated seawat er vol ume to seawater treatment plant for
recl amati on i g Ghdmndtink brginwdtwéerein ElectiThedigydidernmoh! cothriseye® owheser n i r st
conput ed trace d&hinatireses gitgnal is generated by anal yzer device and first
conputed trace deviation signal is indicative of at |east one first trace
radi onucl i de neasurenent signal exceeding a reference set point first trace
radi onuclide activity concentration value stored in the anal yzer device. 8.
The system of claim6 wherein second conputed trace deviation signal is
generated by anal yzer device and second conputed trace deviation signal is
i ndicative of at |east one second trace radi onuclide neasurenent signal
exceeding a reference set point second trace radi onuclide activity

concentration value stored in the anal yzer device.
17



9. The system of claim6 wherein anal yzer device conprising at |east one’
el ectronic processor. 10. A nethod for pre-treatnent of dissolved

radi oactive matter (radionuclide) in seawater prior to reclamtion of
seawater into drinking water in a seawater treatnment plant, conprising the
steps: identifying a seawater intake source and collecting seawater from
seawat er i ntake source; neasuring collected seawater for trace of one or
nor e di ssol ved. nadinedidGrd-teb@merd bt died Bigho &l rdd@edi @058 awadnadlidd) @r. Sel ecti ve
radi onucl i de r edbkak wodr sppigsoorce mrior i@ sugpls & wiibued of ieeatbdoinokddgivder b aneyi el d
pre-treated seawaterrlsdidiuartepdtofny cfmpegnsdife siotte or nore di ssol ved

radi onucl i de; rgg%ﬁgg %an &q}trqated sgq$@ter t _seamaterflreatnent pl ant
for recIanationdhmﬁgwgggmhigéfjﬁfé?ymiT.c HAnSPSTHEE “BF SHTPK 10 wher ei n
col | ected Seawailyrngclllb@hitRs &% S6k RELIVE FadihgouGbidekammyal if one or
more di ssol ved @iadingdtiking @@erbippg Sutcemlvolinit 6RtEeGRGNERR WAL ofdRAaSur ed
exceeds a det er mmedissahatedistdiddaried devindyduon ofad-trecedBisiogivatted Wi t h one or
nmore di ssol ved purglineniy fteiofienc ormpre dippdvedadivrodidef cl ai m 10 wherein each

det ermi ned t r ac&@ SEatitdr tHVPEFTERCTPEILE T § 2RoTUT AP P [GFuO%INBH er i ned
activity concenfal il “;é‘g)ﬁ] ERTEE ™R P T ESFIREE BB 1 OSSPV ed

radi onuclide. 13. The nethod of claim 10 wherein collected seawater is
measur ed for (s8r agenehadirombhQl iveke:irCaRiRfigivaieNgppBnieur@firsiute A&l ved trace
radi onucl i de ansdeyivk cdibnuridasuseiibnt orgiogriadolvedrddionddiiée twetidvelch ofieced ai m 13
wher ei n one or Akies dis sy edestredzeeseds adhitcorined tricd sangaiddeyiptiog glueneasur enent
signal is digit&FcPedigprs saoedissyivediadioptcliteal processor to generate one or

nor e di ssol Veg. tfﬁe%groc;&gllmgr]'?l -'Ltjre%eeac%tdgtgr%%s .t %lst giial_%tdgvgap(g’#ltvialg s&)(ﬂgln% and On.e or
nore corres pondbﬂlglet_ Rin&d dVHE BndehiBES a8b ak aéi_ﬁéébcﬁ_&ihgq&so\{v H&oRdigeach said
di ssol ved trace radionuclide statistical distribution table. 15. The net hod

of claim 10 wiemginrthsddfelgitni 1V @heregrchol@ertdriniches waenonvad is cespddifg @&eone or nore
el ect r o- coagul atdlieoncige epmessine steagaorpdiesledd frace mdibnugide eplysalowsesgialb et | on process
stage further cdMBrising a power supply circuit passing an electric direct

current ( DC) }lh?l!fégltlthgé)(!fnggbgghée?nab\{l\@é .%I;)re%s %RQ reagje rgi%%%é%Qna%pcaﬁnOde ap.par at us
and a cat hode apPAT@hSighdis GRRHEupRM SN 8robdl @Al bondbsoRl ved ions,
and col | oi ds t odigoagubatiomiclidd st alQifsribMibeaid A6 bR dr aagtds@hdinggagent . 16. The
met hod of cl ai mid@mivdderesimdgefiegigion yaueradthomdidibslad rpe mdivalklide omigicklses one or
nmore i on exchan@&ripiyddls stage. 17. A method for pre-treatnment of
det ect ed di sszgl \ﬁ(lad r adi.oact | ve matter r.adil_é)nucl i d%) in a drinking water

| sour ce™t emeth{; of claim 1C;7w ergin s‘ﬁlecuﬁr dionuclideremoval cq[ ér ses neg{more water to one
supply p“ecg‘g-cq %Iaﬁ%qp c%ﬁg? l{ele lé c'h lectrg-rzoa Jla%ghp oces !t%lg iﬂrtﬂ&.g . .
or nore supply @ndlidideRYsweORp RN BhsBiho an CIRIA&E dBent B€) SIuEPSiteclfENt i fying a
drinki ng wat er 8hhpip} Yatss QigfIC Sudd Fst Clnke@BHdsddGeraechl b Rl RGarivta@l a G@sIPl € from
dri nki ng wat er supplsyo ot radienucltea@suiningtissdeH loec ind colldiy thkoaguiptewdt ere sanpl e f or
trace of one or orfisreelegifdsaaskiveebertadi onucl i de; diverting drinking water
suppl y source,.first selective r onucl i de renmoval of one or

ﬁe@eth&ﬂ!fﬂﬁ lf7 g'gerem. selgﬂve radlonucﬁgiremoveﬁcom rlﬁj ong or moge

mor e di ssol ved' {3l QNNGHEAR E QYR b Aok el Groi el sHHr Her Ripsiishk €2t ed
drinking water Mtcma@%dzahrlm;wa%upga‘y sRARE thAsh g@ﬁs@or@'gn%ﬁ@akeﬂ%ﬁé@eéi onucl i de;
routi ng second wpirititBavady a pét@minddea@ieathr évk pispertgro wateeddich@li@ cadmibgul at i on poo
for subsequent diesppddyong psiteplioedni griomtlidg-@canasivob epqenugpfe sypstauitllyedbied dri nki ng
wat er to one or gABREd Feippleyof@raatladd Bestit bad 2epAd@¥poi nt . 18. The nmet hod of cl ai m
17 wherein dr-4nl§li1en thg (}fglgim%ygﬁzlrc}/n sglgzlﬁl\';e(%aedioiuilc ic?etremvgall }:'IorrerisiesS ng(i)rveo'r’etioend for

sel ective ra |Ogyéﬁkggw&gggya iFoone ormore ar sSOrvEd F ddi°tnticl i de trace

| evel in collected drinking water sanple nmeasured exceeds a determ ned
trace standard. dewiebd drlaimal wiRreaS 06l vakiecotielilhied REnkBE wid isgodltrasol ved

radi onucl i de. 18.a wiikrge-matriigdiondtage o aiitin 4 Rrewhierd edatiry egaphtedeibras wikined trace
standard devi at fgmupaireeri s i ndicative of a determned activity
concentration_assocj a W.th a.correspondi ng di ssolved radjonuclide. 20.
e ot hot o o BBl ot M O ORGSR B LR T Consur ed
for trace radi onuclide conprising one or nore dissolved trace radi onuclide
anal ytical nedasureerentof shignakheredleterhived (B thadmat: cahpabing 26 iwiherei n one or
nore di ssol ved tomagcetimadi onucl i de anal ytical neasurenment signal is
digitally supplied to a anal ytical processor to generate one or nore

di ssol ved trace radi onuclide statistical distribution table and one or nore
correspondi ng determ ned trace standard devi ati on val ue of each said

di ssol ved trace radionuclide statistical distribution table. 22. The net hod
of claim 17 wherein sel ective radionuclide renoval conprises onédSor nore

el ectro-coagul ati on process stage wherein each el ectro-coagul ati on process
stage further conprising a power supply circuit passing an electric direct
current (DC) though collected drinking water supply source first vol une

di sposed between an anode apparatus and a cathode apparatus to cause
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.24.* The nethod of claim 17 wherein selective radionuclide renpval conprises
one or nore ion exchange process stage. 15. The nethod of claim 17 wherein
second volunme of pre-treated drinking water is post-treated in a water
re-mneralization stage to within a determned quality parameter prior to
routing to accunul ati on pool. 215. The nethod of claim25 wherein

determ ned quality paraneter conprising a desired Ca2- concentration. 27.
The met hod of sChid fBRPo ARG 28 wRerGEleR MDA i bdeledcoRF s AERLSla PRI i Si NG @
desired My2+ cogecrith hakdg@Non actkBy) chb@ramt oad of cl ai m 25 wherein determ ned
qual ity paraneter conprising a desired pH (solution hydrogen ion activity)
concent r at i on2% kg resthodd claip?a whestitrdsigrmfed gualiy parapBteyghmprsing daeedkrined qual ity
par anet er conpr (& WEFeH2Es?ed al kalinity (aT) concentration scale. 30. The

met hod of cl aj I | .M | i si-ng a
desired Lange%ognéﬁeigg?ﬁigkﬁég%eﬁ%@fava egg{m%&%{mﬁ@r@ﬁ%ﬁé?%g%yg?ekl?eat ment of
di ssol ved and undi ssol ved radi oactive matter (radionuclide) in seawater
prior to recl Anatniednd fof prseamart efdisiohkdand iidindolvaradivattee mitter (adisedidatier
treat nent pl ant seaesarpiior wirgsgmtiqeofseampe intg defipkite) Woipi in gjseavatcemraee plajtnt ake sour ce
and col | ecting S¥®tEt SFiom seawat er i ntake source; diverting and passing
col | ect ed_seavalglnfl), 0O BIS. Bl TR S1£GRLLb i AR GBI RGNS, I 80€ wherein
each zeol i te- based process stage fur t her onprising passing collected
seawat er t hough daéridg@miShssin@1l@ledfRitat 8Qugh 6t of h&e heide-mpaloatuggdhavi ng a
det er m ned nol eebdrar cagi zelie-bpedpers yage durbauserisisgbagingi@llicdéseaprt ai ni ng
di ssol ved i ons, thaved 20t pesictiaulagddeotivg Sidopraeivs iheing arsgoyrehatlesplatsisveaccunul at e
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pre-treated seawater substantially free of one or nore radionuclide;
routing pre-treakeids S@aonabredordzeiGDREIr@Ess bige pt-FaRt sepadn tubfutially @&l amat i on
i nto drinking watw¢orn82 raddnclaaput er - i npl ement ed nmet hod for detection and
det er m nat i on ofoufingiPrkieatedsaweitr & seavaidi tsrment plehefotreramatian it dripringyask t o one or

nore seawat er_treatment pl ant tht}i t he bdo ndar dp. in of a determ ned
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identified discharge zone representing the discharge point of ballast water

di scharged fromaietitmg pppengradiicimeze vee s@lin dentudned dieron ivathedin selvar ge zone;
(b) cal cul at i ngmeisédentifpdischptsk egpaerersseryad thedisehaggpadyt ofpples ratergesehesdom one or
nore di scharge ZBREKHREUTIRC FEr N Oifent e JiFrB4sf 2 | ast wat er di scharge

vol une from each, U;‘?c‘gia&hgm\é%E?%lumémaﬁatl%atg}ed%E\mgéd'tloﬁ\%hemkﬁﬁiséﬂirg&mrge o
frequency w thi Basay iglgteek i A&MvdihshBard: BERLY%AbIANEb A GORERNERAIb @8 coef ficient
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bal | ast wat er di@Changedkif woamigactrodidaneryesgale phaablengreaf pidsl vast wat er
radi onucl i de actbdriresy frem prslentrinatepseliaving|aGalayt yrigy eadiopyslidd eqtiyiyesongenfrition t
radi onucl i de payt'ates gdeae a figtetiopulideapiopd Yyt he total vol une of ball ast

wat er di schar ged, {5, Re 0Bl voltRE & bllasi G ardgﬁqaé&rh%m%é&ﬂo&Eksci?ﬂ%etzongn the
medi an bal | ast WRLAK palos GIALEE sMQH MR i dhQED ERa T RRINME eSS Ia a8 t he mean
bal | ast wat er dimsmbarageafliequgnCyucndytuthina eret@hakift NedalbidiRodddtiafional and a

contam nati on coefficies wemdin anhienigiion cogidiantmadniignheopedicisoicontallssepresent i ng
the probabl e scdrdaef ibarichatringessehayiiescHay yae Aicoprtisachvrencigiovessel
havi ng a bal | ast®{f&t&% rgdr diftres Paediet 3 Pya¥oncent rati on val ue range, to

deri ye. a Second(c{) %%ti%u%le'logi?r g}@&% Cj)fyng‘lorq#o;re dis(:fg)ge koq Jatatllgaé{lo&geatvmg I oci
proximty area @ aerﬂl“T‘)_laﬁfh_rcorI%E!?isi%0 eSS AR pdPfiok Hotdliiy SRRl vAARME P €avat er
treat ment pl ant bQ@APLérisdhe@@b@ Uheadt h&@OdiQhardeR@ e pls@pagatii @R opsnebabi 1ty of
total vol une of mogltatce wabmer cai®c hadeyed t memsanaerdraknwiuene diiggitad ge zone
based at | east FHvpAtawsp ppeYibip idaryfies locipreximig At orderan § profeble egitpser i on nodel
and the nean se&WEMERIP KYUKRE" YOI 8T 81t PEMed seawat er treatnent plant
W t hi n_ I de_nt ifi ?e%ipérfgr%lin R{u%ﬁri% Ln}{lyﬁsrt(?gerivetapleaqg)l;lé %Eput%argglgn Jerﬁin?tﬂmt er
contam nation VelobiRiyQf inki@eRlidr kRUn S RRVWR R nadoh SRLIRIMY defnfHA variante)

perform ng mul tiagt i ate anal ysis to derive at | east one output variable

representing the risk probability of intake seawater radi onuclide

contam nati on exceeding a determ ned variance range. 33. The nethod of
claim 32 wherein nmultivariate analysis of step (e) is supplied a plurality
of variable input conprising at least in part first radi onuclide payl oad
val ue of step (b). 19
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34. The nethod of claim 32 wherein nultivariate analysis of step (e) is
supplied a plurality of variable input conprising at |least in part second
radi onucl i de payl oad val ue of step (c). 35. The nethod of claim 32 wherein
mul tivariate analysis of step (e) is supplied a plurality of variable input
conprising at |east in part probable seawater contam nation volunme of
identified seawater treatnent plant of step (d). 36. A nethod for

moni toring, det erdnhdHod #RMim 38 dHGdid AlkivetacQRE 505t sIPlfs JuplBttd phur of adi onucl i de
concentrati on aeiriabié ihpit doMpraing @Veadt Bi@ar0fErRsiotuci{dRplylosamadfetp (by eat ment pl ant
wherein seawater is supplied to a first filtration bank to ¥| eld a first
per meat e subs¥guliirehyd a§‘§‘|3ﬁqhﬁ"i”r'§t““ﬁ 'éOflsﬁthS)%Sé%WcPPf“Fal th"fatl on bank to
yi el d a second FEFHBERUECOBPTIEE férd PRrhEy WAt relidsradsd L4l Rt he met hod
COITpI’I si ng, 'Qse'ﬂé nteMJo@&clLer §tvhefrérl&Jltﬁ/gﬂlaQQnJR@xggfs@pQ) és%&ﬁ’;m piulralll:y P‘tl on bank;
sanpling first pea@atueohp@m; biildas tn phrt drévhtd deMAreNBitmik06n vORACENt T At i ON
activity count aoknififisentenpaendeinestoeped radi onucl i de; passing first
perneate to second filtration bank todyl el d second perneate. 37. The nethod
of cl ai m 36 wer‘dichotieritPripg. Feqeinn prsriedsaipkef ety 'i“?’%‘idﬁ‘@ﬁed’ dloppelidej ty of
reverse osmsi < AR ! Mﬁﬁnfﬁéiﬁ‘;@ﬁ“lﬂﬁé?sﬁ’%ifmiifﬁé%-fé‘; it “zgq‘crmea}; i nto
second per meat e Q. o@é{@is@&n BEId JrGah gnfm.-d“ spe hod of

cl ai m 36 wher ei &etﬁddrcgaprltlhg t ratl on bank conprising a plurality of seawater
filtration units to treat seawater into first perneate. 39. The nethod of
cl ai m 36 wher ei nlegiémg&nt frledtiprgnankaod sesonpd fratiguatk: of one or nore det erm ned
radi onuclide i ssai"ﬁmgéét nev‘@atbfmfm e ﬁkrawlwh@r fodesnteapvtagtivinfratnecfioeans|  ( RCL)

present in sarrpl"‘éra PR uches hod,0f ¢l ai m 36 wherein first
§singlfirst permeate to second ﬁltratlonb o ield Secand permea
perneate is div8ried to a selective ra ucl i de "treat ment stage if

sanpl i ng of fi7 ste RAbOBALIR 35&hdraxdge@a&ﬂlwaaomnkaomﬁ%mwrﬁtylo@@ve&stl vity count
exceedi ng a det edmidxeshbrmedilrmion uRGlo teax fiysk @hntkatk infoStcoa@erieaiota &tebgieant i al | y
free of one or maerepedétabenni ned radi onuclide prior to passing to second
filtration bank, 41 A comput er - i npl enent ed net hod for CFD (conput ati onal

fluid dynanic¥) Hge 36% Wzl Pl“&tlﬁ’ﬁf’aﬁ'ﬁ‘i"ﬁlﬁTsi‘ APFEYRTOHENSr nor e

identified radi onrﬁ%)f’i“atsg fFomt ;?eéﬂté) "S”f and di scharge of ballast water from
one oOr nore Bl irenetBSSehim 3mhé?eimo@el{natroge&md,@5wdaomumsa(rebémgrreud space
wherei n at | eastadiotuclpaisindcont @it naivedids gawanes leieSRAL )ipteberedsamsled Nt ake

seawat er for a seawkter treat ment plant identi fi ed in target domain
boundary grid SQ& %l} rrriE} d co risi ng. | |c£evr;t| fél and deriving
at l eaSt one ‘6)r kl‘ t:éEvt \‘i\kagn llﬁ ‘Jf}rlsg)eme Z%l?gdlbat:\—;beo ﬁéj)%(?e tra ac 1V1 COUI’I? a

cal cul ated radi gL i&\ te&m&&‘—ﬁ mim% Agd thrwp&Mea%Q&b@[Ban waber body
within grid areapreddddmindddRbicfiatiphg wdaLin®H sdIEHG @ltrhrish badkence nodel transport
equation nodel within grid area and target domain boundary to derive
probabl e radi ‘HnﬁGPM@f mpleeit methdd di CBR tepryguiagiongl dluid tynerficsy medpliget  body wit hin
a deternined |l o 83?]"1?11“%‘5%“ ?a‘f"é‘%é.‘re Prﬁf%%ePVkév‘thli‘O‘:i”g'éﬁf‘i”‘f‘faésaor‘fé‘éﬂ‘/kﬁ?acéfﬁ treat nent
pl ant (C) perf) eI;rlem até rnt f::‘i)/n algrnnmée Se v&a el‘l 5§mta n_gléll?e?r(?% r);e wa and I npUt
vari abl es from tr EmeBH} QdeeEff;lecslB %%@td in @Ma ds aQ Embiaa C&‘Itprl u%aSt one out put
vari abl e representlng t he probabl e radionucli de concentration activity

count of one or (ar@engtyingd@dti¢rlvingd legeanaticaire wiltiakeet Sérfa@dmondant giideragfa | denti fi ed
seawat er treat I’T'E"’(lﬂllatﬁq rafignuclide concentration activity count of seawater body within grid area;

(b) identifying one or more turbulence model transport equation model within grid area and
target domain boundary to derive probable radionuclide concentration activity count of
seawater body within a determined loci proximity area inclusive of identified seawater
treatment plant;

(c) performing multivariate analysis using source terms and input variables from the group of
steps (a) and (b) to derive at least one output variable representing the probable radionuclide
concentration activity count of one or more identified seawater intake stream volume of
identified seawater treatment plant.
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