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Abstract

A new analyticalmechanismfor distributingair samplinglocationsaround

nuclearfacilities,includingreactors,fuel fabrication,fuel reprocessingand

researchcenters,has been devised• This method was developedto facilitate

the efficientincorporationof past experiencesinto environmentalsurveillance

programsfor new or developinginstallations.The techniqueprovidesan initial

distributionof air samplersaround a site which correlateswell with placements

on siteswhich have been occupiedby long establishedprogramswith their inher-

ent evolutionand refinements. The applicabilityof this approachhas been

examinedby comparingsamplinglocationsin well-establishedair monitoring

programsscatteredworldwidewith locationdistributionsrecommendedby this

mechanism. Resultsof these comparisonswill be detailed.

Introduction

In recentyears public pressurehas compelledan increasein attentionto

environmentalsurveillancearound industrialcomplexesof all types. Informa-

tion involvingprobabilitiesof detectingshort durationreleasesin the envi-

ronmenthave been widely circulated, lt is seldom noted, however,that in

contrastto emergencymonitoring,the worth of systemsfor routineenvironmentali,

surveillanceis judged on the basis of long-termproductivity. Even thoughthis

fundamentaldifferenceexists betweenmonitoringaccidentand routineconditions,u

• the publicityin some caseshas had an adverse influenceon industrialconfidence

in data obtainablefrom routinesurveillance. This lack of confidenceis reflected

in some environmentalsurveillanceprograms.

An examinationof existingsystemsindicatesa need for surveillancenet-

work design techniqueswhich can be appliedby environmentalsurveillance
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personnel. Even thoughthere are recognizedanalyticaltechniquesfor designing

surveillancesystemsaround nuclear installations,(l'2) there is littleevidence
q

to show that these are being widely appliedby those responsibleFor operating

the programs.
=

In an attemptto providea consistent,uncomplicated,economicalmechanism

• for the examinationof surveillancesystems,an evaluationof variableswhich

influencea program'sabilityto assess populationexposureswas begun. Accept-

ability of the mechanismwould be based, it was decided,upon its abilityto

provide" a) an initialsamplinglocationdistributionarounda facilitywhich

correlateswell with air samplerlocationson sites having long-established

programs,and b) respectableagreementbetweendistributionsderivedby well-

recognizedanalyticaltechniquesand thismethod.

An examinati(_nof parametersinvolvedin releasemechanisms,transport

models and exposurepathwaysfur airbornereleasesfrom nuclearfuel cycle

facilities,revealedthat populationexposuremagnitudeswere most directly

relatedto populationdistributionand contaminanttransportcharacteristicsof

the local environmentinvolved.

Procedure

Examinationof existingsurveillanceprogramsindicatedthat distancesof

environmentalmedia samp]inglocationsfrom the sourceof contaminationare

generallyselectedto correspondto plant boundaries,maximumpotentialconcen-

trationpoints,populationcentersand relativelyunaffectedareas, lt was

determinedthat the most needed guidancewas in the radial partitioningof

samplinglocations. The relationship,

' fractionof time sec-

WeightingFactor (W) fractionof total population+ tor is downwindof= distance sources,

associatingdemographicand meteorologicalvariableswas found to yield useful

recommendationswhen appliedto a site on an octant basis. The maximumappli-

cable populationdistancehas been limitedto ten miles exceptfor very large

nuclearfacilitysites. At distancesgreaterthan this the equationloses the

desirablecharac';eristicof giving approximatelyequal importanceto the popu-

lationand wind-relatedterms.



The applicationof this method to sites in coastalor agriculturalareas

requiresonly minor modificationof the basic procedure.(3) In coastalzones

it is usuallyappropriateto adjust the numberof radialdivisionsto the

number requiredto cover the surroundinginhabitedland mass. For agricultural

areas an equivalentpopulationindex is necessarilyapplied• This index is

derived by multiplyingthe number of peoplewho are direct recipientsof

produce,dairy products,etc., from the area by the biologicaldiscrimination

factorfor the criticalnuclidein the exposurepathwayinvolved• In this way

critical populationexposurepathwaysother than inhalation,originatingfrom

atmosphericreleasescan be properlyconsidered•

The sum of eight calculatedweightingfactorsis scaled to equal the

desirednumber of samplinglocations• The total number of locationscan be

decidedon purely economicgroundsor can be derivedby normalizingthe weighting

factorsto a specificminimumnumber per octant,a minimumnumber per unit popu--

lationor by any other electedcriteria. The scalingfactor,when multiplied

by each octant weightingfactor,yie'Idsthe numberof samplinglocationswithin

that octant when roundedto the nearestinteger. For example,an octantwhich

is downwindof the sourcetwentypercentof the time and has fifty percentof

the regionalpopulationat three miles from the site, the calculationof its

portionof a seventeensamplinglocationprogramwould go as follows"

W = .5____0_0+ .2 = .37
3

Assuming the sum of eight weightingfactorsis 1.7, the scalingfactor (SF) is

17/I.7 - lO, which simplyindicatesthat the unit weightingfactor infersten

samplinglocations. The numberof locationsper octant = W x SF : 3.7 which

, would be roundedto 4 to indicatethe number of locationsto be allottedto
4

that sector.

AnaIysis

To test acceptabilityof the method on the basisof its abilityto provide

distributionswhich correlatewell with air samplerlocationson sites with well-

establishedprograms,elevenmature sites were selectedas models for testing.

: The sites were locatedin the UnitedStates,India,Japan, and Germany. The
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facilitiesincludedpower reactors,uraniumenrichmentfacilities,fuel fabri-

cation plantsand nuclearresearchestablishments. Samplinglocationsper site

varied from eight to forty. Resultsof samplinglocationdistributioncompari-

sons are shown in FigureI below. The deviationnoted on the abscissa is thei

differencebetweenthe calculatedand actual number of samplinglocations

presentper octant.

It should be noted thatover thirty percentof the octantshad zero devi-

ations. Most of the greaterdeviationscan be attributedto the relatively

arbitrarydivisionsformed by the octant boundariesand to criteriaappliedin

the roundingoff of calculatedvalues. The processof normalizingthe weighting

factor to actual numbersof samplinglocationsalso contributesto the observed

deviationsnoted• This normalizationnecessitatesthe sum of all overestimates

in numbersof samplin!]locationse_ual the sum of all underestimates.Since

both situationsare treatedequallj,in the determinationof observeddeviation,

the cumulativenumberof deviationsindicatedare approximatelya factor of

two greaterthan actuallyreflectedby the raw data.
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The model site chosen to test agreementof this calculationalmethod with

distributionsderivedby recognizedanalyticaltechniqueswas the Nine Mile

• Point Power Reactor.(4) The land environmentalmonitoringsystemincludesfive

inner and six outer stations. The determinationof the necessarynumberof on-

-" site stationswas based on meteorologicaldata collectedover a two-yearperiod.

The inner stationsare locatedonsite at points in each land sectorcalculated

' to give the maximumaverageannualgroundconcentration. The outer stations

are designedto measure backgroundfor comparisonwith on-sitemeasurements.

The layout of the land programis indicatedin Figure II below.
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Applying the weightingfactor procedureto demographicand meteorologic

data for this site to distributeeleven samplinglocationsyieldedthe following

° comparisonof programs"

" Comparison With an Actual Program

, ActuaI Cal cul ated Observed
Octant No. Sampl_ng Locations Sampling ,Locations Deviation

l O 0 0
2 l l 0
3 2 3 l
4 2 2 0
5 4 3 1
6 2 2 0
7 0 0 0
8 0 0 0

On the basis of this favorable comparison and the eleven mature sites com-

parison, the acceptability criteria were met. lt should also be emr;hasized that

successful employment of this technique requires no extensive background in

environmental surveillance system design. Regardless of the individuals involved

in the calculational process, a program consistent with the input data will

result. This fact, plus the simplicity of the data input, makes it economically

possible for any surveillance program to be designed or updated to include

sampling location distributions which correlate well with air sampler locations

on sites which have been occupied by long-established programs with their

inherent evolution and refinements.
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