June 2010

Trade Science Ine.

ISSN : 0974 - 7451 Volume 5 Issue 3

onviconmental Science

A Tndéian Journal

—= Qurrent Research Peapers

ESAIJ, 5(3), 2010 [182-186]

Application of extreme value analysis of radioactivity

concentration in environmental matrices and dose to members of

public around Madras atomic power station, Kalpakkam

J.Thulasi Brindha*, SRamkumar, M.R.Balagurunathan, Anitha Manu, A.Thilakavathi,
K.R.Sreedevi, V.Santhanakrishnan, T.Jesan, S.Rajaram, A.G.Hegde
Environmental Survey L aboratory, Health PhysicsDivision, BhabhaAtomic Research Centre,

Kalpakkam- 603102, (INDIA)
E-mail : brindha@igcar.gov.in

Received: 25" March, 2010 ; Accepted: 4™ April, 2010

ABSTRACT

Extreme value analysisis astatistical method applied to study the extremes
and to forecast the same over a period of time. Generally, statisticians have
used this analysis in meteorological data, in construction and design of
structures. This paper presents the extreme value analysis of radiological
parameters measured in environmental matrices for aperiod of 20 yearsin
1.6 to 5 km zone of Kalpakkam. Extreme value analysisis used to quantify
activity concentration of Cs-137, Sr-90, 1-131, H-3 in seawater, H-3infresh
water and air moisture and external dose due to Ar-41 during 1989-2008.
This study revealed that H-3 concentration in sea water alone followed the
Fisher-Tippett Type-l extreme value distribution and in the rest such as Cs-
137, Sr-90, 1-131 in seawater, H-3in freshwater and air moisture and external
dose due to Ar-41 followed Fisher-Tippett Type-11 extreme value distribu-
tion. Variousdistribution parametersfor each variable were determined us-
ing which the activity concentration and total dose to the members of pub-
lic for return periods of 5, 10, 15, 20, 25 and 50 years were derived. It was
observed that based on the extreme values these dose levels were lower
than the limits prescribed by AERB.
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INTRODUCTION

Ka pakkam situated on the coast of Bay of Bengal
inTamil Nadu, Indiaconsistsof many nuclear instdla
tions such as MadrasAtomic Power Station, MAPS
(two unitsof PHWR type reactors commissioned dur-
ing 1984 and 1985), Fast Breeder Test Reactor
(FBTR), Kalpakkam Reprocessing Plant (KARP),

Centralised Waste Management Facility (CWMF).
Thesefacilitiesdischargeradi oactive effl uentsto envi-
ronment inacontrolled manner during normal opera-
tion. Low leve treated liquid effluentsarerd eased into
the Bay of Benga and gaseouseffluentsthrough 100m
high stacks. Thesedischargesaregoverned by thelim-
itsset by AERBM. Environmental Survey Laboratory
(ESL), Kalpakkam has been carrying out a detailed
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monitoring programme from 1974 onwardsto study
theimpact of thesereleases on the environment and
assessthe dose received by the members of public.

Extreme value analysis method is a statistical
method of analysisapplied to the observed measure-
mentsand predicting further extremes by way of inter-
preting dataof different parameters. Ingenerd, extreme
va ue hasbeen successfully used by many meteorol ogi-
cd stationsto theproblemspertainingto predictingthe
gpproximate chanceof exceeding anevent of givensize.
Inview of thisfact extremeva uetheory can begpplied
for variation inactivity concentration of environmenta
matricesand exposureincurred thereinwith time.

In this paper an attempt has been made to apply
theextremevadueanalysisonthedatacollected for the
past 20 years (1989-2008) during normal operation.
Grossbetaand H-3 aredischarged through liquid route
and H-3 and Ar-41 were released to the atmosphere
through stack well within technical specification limit.

For extremevaueanays's, activity concentration
of Cs-137, Sr-90, 1-131 and H-3in seawater, H-3in
freshwater, H-3inar moistureand external dosedue
toAr* collected over aperiod of 20 years (1989-2008)
areused.

METHODOLOGY

The parameterschosen for thisstudy are activity
concentration of Cs-137, Sr-90, 1-131 and H-3insea
water, H-3infresh water, H-3in air moisture and ex-
ternal doseduetoAr-41 collected over aperiod of 20
years (1989-2008). Thesevaluesarearranged in as-
cending order and each data point isassigned arank
‘m’. If ‘M’ isthetotal number of data pointsthenthe
probability of non-exceedance of aparticular magni-
tude x of thedata point of rank misobtained as,
P(X)=m/(M+1) D

To analysethedatasetsfor Fisher and Tippet type
distribution the datasetswere plotted for linear fit be-
tween data pointsand probability of non-exceedance
with P(x.) onthex-axis. Correlation coefficient was
obtained for both x versus P(x) and In(x) versus P(x) to
choosethebest straight linefit and assign thefunction
typetothevariablex. Figure 1to 7 showsthe best fit
for extremevaueandysisof al theparameters.
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Equation for the straight linefit between x versus
P(x) can bewritten as?,
X=o+BY, @
Smilalytheequationfor thedraight linefit between
In(x) versus P(x) can bewritten as,
In(x)=In(B,) + (1) Y, ©)
whereY ) isthereduced variate corresponding to P(x)
givenby,
Y, =-In{-In[P)]} ©)
Equations (2) and (3) can betransformed into the
widedy used Fisher and Tippet extremevaluedistribu-
tionfunctions.
In case of Fisher-Tippet Type-1 distribution P(x)
can bewritten as,
P(x) = exp{-exp[-(x-a)/ B.]} ©)
In case of Fisher-Tippet Type-11 distribution P(x)
can bewritten as,
P(x) = exp{-(x/B,) 7} (6)
In equations (5) and (6) a., B, arethelocation and
TABLE 1: Extremevalueanalyssdata

Maximum Activity

Y ear (_35-137 Sr-90 1-131 _ H-3 _ H-3 H3 Ar-41
iNnSW_ InSW InSW inFW inSW inAir Dose
(mBgfl) Ba/l Bg/m® uSv
1989 15 17 5.0 97 123 169.0 27.8
1990 17 24 8.8 201 387 297 610
1991 30 19 9.0 72 251 711 552
1992 30 21 5.0 118 340 76 574
1993 22 15 10.2 179 242 15 206
1994 35 22 5.0 113 291 66.6 44.0
1995 17 13 9.5 245 422 243 141
1996 20 14 8.7 226 481 1400 235
1997 20 20 103 213 297 57 242
1998 160 32 5.0 136 333 9.1 221
1999 34 30 5.0 148 363 117 217
2000 234 457 8.0 74 114 73 164
2001 79 427 20.0 117 117 105 201
2002 53 58 44.0 98 268 5.7 6.6
2003 113 159 16.0 107 104 3.2 8.8
2004 135 302 33.0 42 46 8.6 7.0
2005 158 212 50.0 74 45 11.8 9.3
2006 54 48 25.0 49 27 11.7 180
2007 45 6 40.0 53 21 6.8 127
2008 10 6.5 14.0 54 54 10.3 10.3
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TABLE 2: Extremevalueanalysisof radiological parameters

Observed variant form

Funtion

Radiological parameters R1 R2 used type o -1 B2 v
m;(d/lc)s 137activity inseawaler 4 g7  ggo Ln (1) ET-11 - 27,597 0.773
'(\fr?édﬁ; -0activityinseawater 4 751 947 Ln (1) ET-11 - 20.463 0.844
'(\:'naé‘d/'l')lsl activity inseawaler 4 g55 5 970 Ln (1) ET-11 - 8.497 1.438
'2{'32’/({)”'3 activityinfreshwater 5 964 5 990 Ln (1) FT-11 - 82,541 2.101
Max. H-3 activity in seawater (Bg/l) 0.986 0.954 Linear FT-I 148.100 130.260 -

Max. H-3 activity in air (Bg/m®) 0.737 0.935 Ln (r) FT-11 - 7.823 0.920
Max. Ar-41 dose (uSv) 0.903 0.980 Ln (r) FT-11 - 14.133 1.66
TABLE 3: Probability of non exceedance of activity concen- TABLE 4: Probability of non exceedance of dose
tration for predicted return periods Return period P(X) Dose to publicin 1.6 to 5 km zone (uSvly)
Return Cs-137 Sr-90in 1-131in H-3inH-3in H-3in )
beriod PO) INSW SW . SW FW  SW Air (years) Internal(H-3)  External(Ar-41) Total
(years) (mBg/l) (mBg/l) (mBg/) (Ba/l) (Bg/l) (Bg/m®) 5 0.80 18 35 53
5 0.80 95 122 24 169 344 40 10 0.90 37 55 92
10 090 177 294 41 240 441 90 15 0.93 55 71 126
15 093 241 458 53 288 490 136 20 0.95 78 85 163
20 09 321 691 67 339 535 198 25 0.96 98 97 195
25 096 388 905 79 378 565 253 50 0.98 206 148 354
50 0.98 692 2083 128 528 656 544

scdeparametersof Type-| distribution functionand and
B, v are the scale and shape parameters of Type-I|
ditribution function. o.and 3, can beobtained fromthe
dopeand intercept of thestraight lineobtainedinthe
plot x versusYpand B,andy fromtheslopeandinter-
cept of thestraight line obtained inthe plot In(x) versus
Y, TABLE-2 givesthevauesfor thedistribution pa-
rameters. Using these parameters, P(x) that isthe prob-
ability of non-exceedance can be calculated for any
valueirrespective of whether thevauelieswithinthe
observed rangeor not.

Thetimeinterval for not exceeding acertain prob-
ability defined as Mean Recurrence Interval (MRI) or
return period isrelated P(x) by!,

MRI =1/{1-P(x)} years (7

Viceversathe probability of not exceeding apar-
ticular valuefor agiven period can becalculated as,
P(x)=1- U(MRI) )

In case of Fisher-Tippet Type-1 distribution equa-
tions (5) and (8) areused to arrive at extreme values
for agivenreturn period say 5, 10, 15, 20, 25 and 50
years. Smilarly for Fisher-Tippet Type-11 distribution

equations (6) and (8) are used to arrive at the extreme
vaues.

For calculating thetotal dose to the members of
public H-3 and Ar-41 are considered since activity
concentration of Cs-137, Sr-90 and I-131 arein the
global falout levels. Theinternal doseduetoH-3is
cal cul ated based on the maximum tritium concentra-
tioninair and water. For cal culating ingestion dose
dueto tritium, daily water intake by thelocal public
wastaken as2.9 litreand for the computation of dose
due to inhalation and injection a breathing rate of
27.4m%day of air was used. Externa dose estimates
were computed using site specific meteorol ogical data
i.e. Atmospheric dilution factor X/Q (sec/m?3), Joint
Frequency Distribution of Wind Speed and Wind Di-
rection and annual Ar* stack release data. The maxi-
mum external doseduetoAr-41received by the pub-

licistakenfor extremevdueandysis.

RESULTSAND DISCUSSION

For extremevalue anaysi sthe datacollected over
a period of 20 years (1989-2008) is used which is
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Figurel: Extremevalueanalyssof Cs-137in seawater
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Figure3: Extremevalueanalysisof 1-131in seawater
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Figure5: Extremevalueanalysisof H-3in seawater

shownin TABLE 1.Theparameter valuesdescribing
thedistribution functions of extremevaueanaysisis
givenin TABLE 2. The correlation coefficients R1[x
VsP(x)] and R2[In(x) VsP(x)] isused to determine
thefunctiontype. R2 isgreater than R1 for al the pa-
rameters except H-3 in seawater. Hence activity con-
centration of Cs-137, Sr-90, 1-131 in seawater, H-3in
fresh water, H-3 in air and external dose dueto Ar*
follow the Fisher-Tippet Type-11“ extremevauedis-
tribution. R1isgreater than R2 for activity concentra-
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Figured: Extremevalueanalysisof H-3in fresh water
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Figure6: Extremevalueanalysisof H-3in air

tion of H-3in seawater and hencethisvariablefollows
Fisher-Tippet Type-| distribution.
Theextremevaluesof theradiological parameters
derivedfor return periodsof 5, 10, 15, 20, 25 and 50
yearsaregivenin TABLE 3. For areturn period of 50
yearsitisobserved that the probability of exceeding
0.692 Bg/l of Cs-137 concentrationin seawater, 2.083
Bg/l of Sr-90 in seawater, 0.128 Bgy/l of 1-131 con-
centration in seawater, 528 Bg/l of H-3infresh water,
656 B/l of H-3in seawater, and 544 Bg/m*H-3inair
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Figure7: Extremevalueanalysisof Ar-41 dose

is0.98. Theactivity levelsof Cs®¥, SI* & 1B arein
thesamerangeasthose of globd fal-out levels. There-
foretheingestion dosesdueto theseradio nuclidesare
not taken into account in the dose computation since
they are not related to the Station operations. In view
of this, only internal dosedueto ingestion, inhaation
and skinabsorption of tritiumin different zonesarecd-
culated dongwith external doseduetoAr*.

Thevauesof H-3in air and fresh water for the
givenreturn periodswere used to cd culate theinterna
doseto membersof publiclivinginthe1.6-5km zone.
Thederived extremevauesof interna doseduetotri-
tium and extremevaues of externa doseduetoAr-41
isgivenin TABLE 4. It can beobserved that for are-
turn period of 50 yearsthe predicted doseis 35 % of
theAERB doselimit (ImSv/y) in caseof extremeval-
uesalso.

CONCLUSION

Theextremeactivity concentration for return peri-
odsof 5, 10, 15, 20, 25 and 50 yearswere derived for
activity concentration of Cs-137 in seawater, Sr-90in
seawater, 1-131in seawater, H-3in seawater, H-3in
freshwater, H-3in air and external doseduetoAr-41.
Thedosescal culated for the extremeval ues of H-3(in-
ternal) and Ar-41(external) for 5, 10, 15, 20, 25 and
50 years were 53, 92, 126, 163,195 and 354uSvly
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respectively which arewell below thedoselimitspre-
scribed by AERB whichis1000uSv/y. Extremevaue
analysisfor 50 yearstaking into account the actual re-
lease and theresultant dose (354uSv/y) received by a
hypothetical man staying in 1.6-5km zonedoesnot ex-
ceed 35% of theAERB doselimit.
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