
Centimeter
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 mm

,,,,t,,,,I,,,,i,,,,i,,,,i,,,,i,,,,I,,,,I,,,,l'"'l""l'"'l
1 2 3 4 5

Inches J.O _1_

IIIIINItlll_IIII1_ ,

_'%__ O_& MRNUF_CTUREDByRPPLIEDTOI_IIGM.STRNDRRDSINc, __'__'f"





ORNtJTM-12748

• Officeof OperationalReadinessand
FacilitySafety

EVALUATIONOF THE NEUTRONDOSIMETERUSED BY MARTIN
MARIEI-rA ENERGYSYSTEMS,INC., ABILITYTO MEET THE
REQUIREMENTSOF THE AMERICANNATIONALSTANDARD

FOR PERSONNELNEUTRON DOSIMETERS(NEUTRON
ENERGIESLESSTHAN 20 MeV) ANSI N319-1976

R. J. Gunter

qP

Date Published- July 1994

Preparedby the
OAK RIDGE NATIONAL LABORATORY

Oak Ridge,Tennessee37831-6494
managedby

MARTIN MARIE1TAENERGYSYSTEMS,INC.
for the

U.S. DEPARTMENTOF ENERGY
* undercontractDE-ACO5-840R21400

MASTEB
_:_._,

DISTRt'_t,J'f'I'ON _ THIS DOOUMENT 18 UNLIMITED



CONTENTS

I

w

UST OF FIGURES ............................................ v

UST OF TABLES ............................................. vii

ACKNOWLEDGEMENTS........................................ ix

ABSTRACT ................................................. 1

1. INTRODUCTION .......................................... 1

2. THE NEUTRON DOSIMETRYPROGRAM ........................ 2

2.1 DESCRIPTIONOF DOSIMETERS ... ...................... 2

22 SYSTEMCALIBRATION ............................... 2

2.3 DESCRIPTIONOF 1HE DOSE ASSESSMENTALGORITHM ..... 4

" 3. TESTING AND USE REQUIREMENTS .......................... 4

, 3.1 DOSIMETERIRRADIATIONS ............................ 4

3.2 ENVIRONMENTALFACTORS ........................... 5

3.3 USE FACTORS ...................................... 6

3.4 PERFORMANCEREQUIREMENTS ....................... 7

4. RESULTSOF TESTING ..................................... 8

5. CONCLUSIONS .......................................... 9

REFERENCES ............................................... 11

III



UST OF FIGURES

Rqure Pa_

1. CEDS neutrondosimeterassemblyconfiguration.$ovrc¢:
"TechnicalBasisfor the CentralizedExternalDosimetrySystem,"
CEDS, MartinMariettaEnergySystems,Inc., Oak Ridge,Tenn.,
p. 4-12, Oct. 4, 1991 ...................................... 3



UST OF TABLES

a

Table Pa_

1. IrradiationProtocols ....................................... 5

2. Evaluationof DosimeterFading (One CalendarQuarter) ............ 7

3. PerformanceTestingResults ................................ 9

vii



ACKNOWLEDGEMENTS

i

Thiswork was performed at sites managed by MartinMariettaEnergy Systems,

Inc., for the Department of Energy. Irradiationswere performed at the ORNL_DCAL

facility,exposureto specifiedtemperaturesandhumidityconditionsatthe Oak RidgeY.12

SiteTemperatureLaboratory,and TLD processingatthe ORNLTLD ProcessingCenter.

The assistance of Ms. K. L. McMahan and Ms. K. R. Shaw was instrunlentalin

understandingthe factorsinvolvedinneutrondosimetry,and Mr. S. W. Croslinprovided

valuable technical assistanceand review. The assistanceof Dr. W. H. Casson at

RADCALwas appreciated for providing TLD irradiation expertise, and Mr. C. C.

Landersfor controlof environmentalfactors atthe TemperatureLaboratory.I wouldalso

liketo thank Mr. D. S. Colwellfor hiscontributionsto thiswork.

ix



EVALUATIONOF THE NEUTRON DOSIMETERUSED BY MARTIN
MARIETTAENERGYSYSTEMS,INC., ABILITYTO MEETTHE
REQUIREMENTSOF THE AMERICANNATIONALSTANDARD

• FOR PERSONNELNEUTRON DOSIMETERS(NEUTRON
ENERGIES LESSTHAN 20 MeV) ANSI N319-1976

_t

R. J. Gunter

ABSTRACT

An evaluation of the neutron dosim_ter used by the Centralized
ExternalDosimetrySystem of Martin Mariett_Energy Systems, Inc., was
performed,and the dosimeterwas shownto meetthe requirementsof the
AmericanNationalStandardforPersonnelNeutronDosimeters,ANSIN319-
1976. Thisreportdetailsthe requirementsof the Standard,describesthe
testsperformed,and evaluatesthe resultsof testing.

To demonstratecompliancewith the Standard, dosimeterswere
irradiatedwitha =a2Cfsourcewhilemountedona standardphantom. Dose
wasmeasuredusingthe routinemethodologyemployedbythe Centralized
ExtemalDosimetrySystemfor neutrondosimetry.The abilityto accurately
measureneutrondosewas comparedto specificperformancecriteriafrom

• the Standard. This includestestingthe lowerlimitof detection,upper limit
of detection,precisionof results,and the capabilityto detect neutronsin a

• high gamma dose environment. In additionto neutron exposure, the
dosimeterswere requiredto be exposedto environmentalfactorsincluding
temperatureextremes,highhumidity,exposureto room light,and a drop
to a hard surface. Only after exposure to these conditionswere the
dosimeters read, with results compared to the requirements of the
Standard. Normaluse factorsof routineneutrondosimetryinfluencingthe
accuracy, sensitivity,or precision of the dosimetry system were also
evaluatedto measuretheir impact on dosimeterresponse.

1. INTRODUCTION

The Standard (ANSI N319-1976) has been establishedto provide guidance for

routine personnel neutron dosimetry. The Standard applies to devices worn by

individuals,as contrastedwithhand-heldor fixed-areainstrumentation.It does notapply



2

to dosimetrynecessaryfor criticalityaccidents.1 Thisevaluationwilldeterminewhether

theneutrondosimeterusedbytheCentralizedExternalDosimetrySystem(CEDS)at sites

managedby MartinMariettaEnergySystems,Inc.,for the Departmentof Energy,meets
J

the performanceand use requirementsdescribedin the Standard. A bare 2"_Cfsource

was usedto provideneutronsfor exposure. Bare='_Cfundergoesspontaneousfission

providingneutronswithenergiesup to 10 MeV, witha significantpeak between0.5 and

1.0 MeV.2 The CEDS methodologyassumesthe exposureconditionsrelatingto the

neutronenergydistributionfor bare_Cf havebeen characterized,allowingfor accurate

measurementof neutrondose equivalentfromthe dosimeterresponse. It is assumed

thatfieldswith neutronenergiesinthe range of the Standardcan be characterized.

2. "I'HENEUTRON DOSIMETRYPROGRAM

2.1 DESCRIPTIONOF DOSIMETERS

The neutron dosimeter used by Martin Marietta Energy Systems, Inc.,

(Harshaw/BicronTechnologiesmodel8806) containsfour thermoluminescentelements.

Elements 1 and 4 are composed of TLD-600 (neutron and photon sensitive),and

elements2 and 3 are composed of TLD-700 (photon sensitiveonly) material. Each

elementis 0.015" thick. The elementsare containedwithina housingwhich provides

physicalintegrityforthe elementassemblyandfiltrationof incidentradiation.Thefiltration

allowsfor comparisonof albedo and incidentneutroncontributionby shieldingincident

radiation. Elements1 and 2 are shieldedby 0.026" ABS plastic and 0.018" cadmium.

Elements3 and 4 are shieldedby 0.113" ABSplastic. Figure1 providesan illustrationof

the dosimeter.

2.2 SYSTEMCALIBRATION

Proper calibrationof the dosimeter is essentialfor providingaccurate neutron

dosimetry.The Standardrecommends:'_l"heneutronspectrausedforcalibrationshould

simulatethe spectra expected in the area where personnel neutrondosimetersare
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' Fig.1. CEDSneutrondosimeterassemblyconfiguration.Source:'q'echnicalBasis
for the CentralizedExternalDosimetrySystem,"CEDS,MartinMariettaEnergySystems,
Inc., Oak Ridge,Tenn.,p. 4-12, Oct. 4, 1991.

required.''1 CEDS Standard Operating Procedurescall for calibration of neutron

dosimetersin the areaswhereeach is usedfor neutrondose assessment._

The calibration procedure compares dosimeter element response to dose

equivalentcalculationsbased on neutronspectrameasurementsat the locationof use.4

The comparisonallowsfor determinationof correctionfactorsrelatingthe responseof

elements1 and 4 to the neutrondose equivalent.Correctionfactors are specificto the

locationthe procedurewas performed. Correctionfactorsfora givenarea are assigned

" a neutroncorrectioncodewhichisthenassignedto individualswho workinthat location.

For individualsworkingin more than one location,the correctioncode is a weighted

average of .area correctionfactors based on occupancytimes. Communicationis

maintainedwith area Health Physics'personnelto stay informedof changesthat may
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affect the neutronenergyspectra and the associatedcorrectionfactorsin each area. If

the neutron correctioncode is appropriatefor the spectra,the corrected responseof

elements1 and 4 shouldbe nearlyidentical.
J

2.3 DESCRIPTIONOF THE DOSE ASSESSMENTALGORITHM

Uponreadingfor dose, individualelementresponseistabulatedandthe response

is correctedfor backgroundand photon-inducedsignal." The dosimeterresponseis

thenconvertedto doseequivalentby choosingthe neutroncorrectioncode andapplying

the associatedcorrectionfactors. Signalfadingisaccountedfor and a reportedneutron

dose equivalentis indicated.

Theamountof backgroundradiationsubtractedis basedon the numberof days

between anneal and readingof the dosimeter. Photon-inducedsignal is removed by

subtractingelement2 responsefromelement1, and element3 responsefromelement

4. Thisleavesa net neutronresponseon elements1 and 4. The correctionfactorsare

appliedto elements1 and 4 andtheir correctedresponseis averaged.

A test is performed in the algorithmto determine if an appropriate neutron

correctioncode was applied. If so, the correctedelement1 responseshouldbe within

20% of the average of elements 1 and 4. If not, the resultswill be identifiedfor

investigation.Finally,a fade correctionis appliedto the averageresponse,yieldingthe

neutrondose equivalent.

3. It:SliNG AND USE REQUIREMENTS

3.1 DOSIMETERIRRADIATIONS

Dosimeters were divided into groups and irradiated based on the specific

performancecriteriato be assessed. Forty-fivedosimeterswere mountedon a 30 cm

x 30 cm x 15 cm PMMA phantomand exposedto radiationas describedin Table 1.

"Eachelementreadinghaselementcorrectionfactors applied to the raw signal. Thesefactors
comper_at_for deviatio_ in responsebetween individualelements anddosimeterreaders.
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Table 1. Irradiation Protocols
,=

PerformanceCriteria DeliveredNeutronDose DeliveredPhotonDose

, (numberofdosimeters) Bare=s_C'/(mrem) '=TCs(mrem)

LowerUmltof Detection 100 0
(lO)

UpperUmltof Detection 10,000 0
(s)

DetermineNeutronDoseInthe 1,000 3,000
Presenceof Photons(I0)

FadeDetermination 1,000 0
(10)

StandardDeviationof Reported 1,000 0
DoseandFade(10)

3.2 ENVIRONMENTAL FACTORS

. Once irradiated, the dosimeters were exposed to the following environmental

factors:

" (1) Temperature extremes of 0°C and 45°C for 1 week.

(2) A relative humidity of 90% for 1 week.

(3) Artificialfluorescent room light for the extent of the dosimetry period (one

calendar quarter).

(4) A drop to a hard surface from a height of 1.5 meters.

Temperature and humidity conditions were controlled at the Y-12 Temperature

Laboratory. The drop test was conducted on a concrete slab. To save time and

expense, all environmental factors were applied to each dosimeter group with one

exception. A group of 10 dosimeters irradiated to 1,000 mrem neutron exposure was

processed after exposure to all environmental factors with the exception of light exposure

, for the extent of the dosimetry period. These dosimeters were used to determine the

amount of signal fading (see: section 3.3, number 2).
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3.3 USE FACTORS

CEDS Use Factorswere evaluatedto determinewhetherthey adverselyaffect the

dosimeterresponse. TheStandarddefinesUse Factorsas 'those factorsinvolvedinthe p

issue and wearing of personneldosimetersthat influencethe accuracy,sensitivity,or

precisionof the neutrondosimetrysystem."1

The Standard gives the followingguidance on Use Factorswhich should be

consideredwhen developingproceduresfor issuingneutrondosimeters:1

1) The normalpositionfor wearingthe dosimetershallbe prescribedby ',he

facilitypersonnelresponsiblefor managementof the radiationprotection_

program. For uniqueor unusualpotentialexposureconditions,additional

dosimeterswhoseplacementwill reflectthe maximumhazardto the trunk

sectionof the body may be provided.

2) Selection of the dosimetry period shall be made so that the loss of
o !

dosimeter response or fading over the entire dosimetry periodis notmore

than 50% at a nominaldose equivalentin excessof 0.5 rem.

3) The dosimeter response shall be corrected for fading such that the

estimateddose equivalentis not inerror due to fadingby more than 40%.

The above concernsare addressedas follows:

1) The normal positionfor wearing the CEDS neutron dosimeter is on an

individual'sbeltat the waist.5 To addressthe possibilitythat an unusual

exposure condition may occur, CEDS Standard Operating Procedures

provideguidancefor issueand use of multiplewhole-bodydosimeters.6
P

2) The dosimetry period is one calendar quarter. Resultsof testing for
m

dosimeter fade indicate this period is acceptable. Testing results are
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presented in Table 2. A neutron dose equivalent of 1.0 rem was used for

" the determination of fade.

I

Table 2. Evaluation of Dosimeter Fading (One Calendar Quarter)
i I J ,

Non-Faded(mR)" Faded (mR)" % Fading
'1 II II I

Element1 Average 597 572 -4.10
Response

=l i i

Elen_nt4 Average 719 725 + 0.08
Response

i,ll i ii iH ,i

3) Dosimeter signal fading is corrected when dosimeters are read for dose.

The correction is based on the number of days between annealin_ and

reading the cards. Data supporting compliance with this requirement is

found in Table 3 (the fade correction is applied to these results) and in the

• Results of Testing section of this report. This data is labeled

"Environmentallyand Light Exposed Dosimeters."
=t

3.4 PERFORMANCE REQUIREMENTS

After irradiation and exposure to the environmental stresses and Use Factors, the

dosimeters were read for dose. The neutron dose equivalent results were compared to

the following performance requirements:l

(1) Detect a minimum quarterly dose equivalent of 300 mrem divided by the

number of dosimetry periods in each quarter. The Standard defines the

lower limitof detection to be that value of neutron dose equivalent for which

the neutron responses of a set of 10 or more dosimeters identically

exposed will have a standard deviation of no greater than 50% (to be

"Element response has the element correction coefficient (ECC) and reader calibration
factor (RC_ applied.
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conservative,and to demonstratecompliancefor monthlyprocessing,a

lowerlimitof detectionof 100 mrem was tested).

(2) Determinedose equivalentup to 10 rem.

(3) Detect a neutron dose equivalentof 1 rem in the presence of a dose

equivalentof 3 rem of gamma rays havingenergiesin excessof 500 keV.

(4) Detectdose witha precisionsuchthatwhena setof at least10dosimeters

is exposed under identicalconditionsto a neutron source at a dose

equivalentof approximately1 rem, the standard deviationof measured

neutronresponsesfromthe dosimeterset shallbe lessthan or oqual to

10%.

4. RESULTSOF TESTING
ii

A complete listing of all dosimeter processing results used in this study can be a=

found in AppendixA. The appendixtabulatesthe delivereddose, reported dose, and

each element response. To providea statisticto measuredosimeterperformance,a

PerformanceQuotient(PQ) is calculated. The PQ is definedas the differencebetween

the reported and delivereddose, dividedby the delivereddose.

Table 3 lists average PQs and the standard deviationof the dosimetergroup

assignedto each performancetest. Alsoindicatedis whetherthese resultspass or fail

to meet the performanceobjectives. In additionto the performancerequirements,the

Standard alsodefines Use Factorswhichshouldbe evaluated. Use Factor 2 requires

'_he selection of the dosimetryperiod shall be made so that the loss of dosimeter

responseor fading over the entiredosimetryperiodis notmore than 50% at a nominal

doseequivalentinexcessof 0.5rem."1To demonstratecompliancewiththis requirement,

one group of ten dosimeterswas irradiatedand subjectedto all environmentalfactors
==

except fade, and exposureto lightfor the durationof the dosimetryperiod. Table 2

compares the response of these dosimeters to those used for the determinationof
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Standard Deviationof ReportedDose. The dosimetersused in the standard deviation

testwere subjectedto fading and lightexposurefor the lengthof the dosimetryperiod.

Sincefor this test we are onlyinterestedin neutronresponse,comparisonswere made

usingbackgroundand photondose correctedelement1 and element4 response. The

dosimetermet the fade criteria.

Table3. PerformanceTestingResults
iiiiii lUll i i

I I

PerformanceTest Average PQ I Standard Deviation I Pass/Fail
I IIf' _, , w "_,

Lower Umit of 0.042 5.7% Pass
Detection

i i ,,,,, , ii, n, , i , . i ,n,

Upper Umit of -0.116 0.9% Pass
Detection

i , i i

Detect Neutron Dose -0.200 13.3% Pass

in High Photon Dose
i i

Standard Deviationof -0.104 3.2% Pass

, Reported Dose
R

4

The Use Factor 3 requiredthe dosimeterresponseto be correctedsuchthat the

estimated dose equivalentis not inerror due to fadingby more than40%. The results

listedinTable3 havea fade correctionapplied. A reviewoftheseresultswillindicatethat

no group had an error inexcessof 40% (performancequotientgreaterthan 0.40 or less

than -0.40).

5. CONCLUSIONS

Basedontheresultsoftesting,theHarshaw/Bicronneutrondosimetermodel8806

as used by CEDS meets the requirementsof ANSI N319-1976. This test exposed

• dosimetersto a bare ==Cf neutron source,but there is littlereason to believesimilar

resultswould notbe produced with otherneutronsources. Propercalibrationand use

is essential for accurately reporting neutron close and achieving performance

requirements. To compensate for the large variationof dosimeter responseas the



10

neutron energy spectrum changes, CEDS Procedure 2-1-60, "Dose Equivalent

Determination,"requiresan appropriateneutroncorrectioncode be developedfor dose

equivalentdeterminationin each area neutrondosimetryis required.

The low standard deviationof the dosimeter responseas tested in this study

indicatesthatwhenproperlycalibrated,a multi-elementTLDcan provideexcellentneutron

dosimetry. As recommendedinthe Standard,ourprocedurescallfor calibrationof the

dosimeter on phantoms in areas where dosimeters are provided for neutron dose

assessment.Dosimeterresponseiscomparedto neutronenergyspectrameasurements

in the area tested and correctionfactors are determined. The correctionfactors are

assignedto an area specificneutroncorrectioncode. The neutroncorrectioncode is

referencedwhen determiningthe neutrondose equivalentfrom dosimetersassignedin

the locationof interest.

The Standard does not give guidancefor accuracyof dosimetry,it is concerned

with the precisionof reporteddoses. Furtherguidanceon reportingaccuracycan be

found in applicableaccreditationstandards.7's
ii
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APPENDIX A: ANSI N319-1976 PerformanceData

Dos_etor ]b'posure Cond£tions - Tost:Lng Paz'_notor

Bnv_Fonmentally _ollld Dostnetors
41

Cf.262 (Bsm), 1000 mmm neutron dose - Fade Determination
Bkg Bkg Reported DeJJvered Performance

Card# L1 L2 L3 L4 LI&4 L2&3 DOSE Dose Quotient

902137 578 57 60 786 10.5 9 799 1000 -0.201
901155 558 57 58 750 10.5 9 778 1000 -0.224
902240 570 58 58 744 10.5 9 780 1000 -0.220
902964 640 60 81 726 10.5 9 820 1000 -0.180
903599 599 58 59 686 10.5 9 787 1000 -0.233
903327 599 59 59 694 10.5 9 772 1000 .0.228
903180 834 59 58 706 10.5 9 806 1000 -0.194
902149 579 59 58 745 10.5 9 787 1000 -0.213
903513 578 57 62 711 10.5 9 766 1000 -0.234
903498 034 58 60 666 10.5 9 782 1000 -0.218

Average .0.215
StandardDeviation 0.018

wny4_9,men_allT aud L:Lcrht w_osed Dos!metern

Cf-262 (Bare), 100 mrem neutron dose - Lower Limit of Detection
Bkg Bkg Reported Delivered Performance

' Card # L1 1.2 L3 L4 LI&4 L2&3 DOSE Dose Quotient

902322 79 20 21 106 24.5 23 104 100 0.040
901733 86 20 20 121 24.5 23 119 100 0.190
902752 81 21 21 101 24.5 23 102 100 0.020
900747 81 21 20 101 24.5 23 102 100 0.020
902486 83 21 20 101 24.5 23 103 100 0.030
902497 80 21 21 97 24.5 23 98 100 -0.020
902285 87 21 21 g6 24.5 23 104 100 0.040
903164 81 21 21 98 24.5 23 100 100 0.000
903287 86 21 21 100 24.5 23 106 100 0.060
903118 79 21 22 106 24.5 23 104 100 0.040

.°
/

Average 0.042
Standard Deviation 0.057
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APPENDIX A: ANSI N319-1976 PerformanceData

Bnv£ronmentall_v and L£aht Le_omed Dos£metera

Cf-282 (Barn), 1000 mmm neutron dose. Standard Deviation of Response and
Fade Determination

Bk0 Bkg Reported Delivered Performance •
Card# L1 L2 L3 L4 LI&4 L2&3 DOSE Dose Quotient
901311 557 62 64 714 24.5 23 878 1000 .0.124
900249 565 62 61 662 24.5 23 849 1000 .0.151
901564 578 64 67 702 24.5 23 882 1000 .0.118
902490 582 64 61 692 24.5 23 883 1000 .0.117
901437 586 66 62 791 24.5 23 952 1000 -0.048
903511 558 66 66 748 25.5 24 913 100G -0.087
902429 558 66 01 720 24.5 23 879 1000 -0.121
903256 552 66 68 735 24.5 23 879 1000 .0.121
903295 589 66 65 729 24.5 23 910 1000 -0.090
903235 602 6_ 70 764 24.5 23 941 1000 -0.059

Average -0.104
StandardDeviation 0.032

Cf-252 (Barn), 10,000 mmm neutron dose. Upper Limit of Detection
i

Bkg Bkg Reported Delivered Performance
Card# L1 1.2 1.3 L4 LI&4 L2&3 DOSE Dose Quotient
902729 6048 503 516 6463 24.5 23 8920 10000 -0.108
903496 5395 507 526 7033 24.5 23 8727 10068 .0.127
902435 5498 515 511 7078 24.5 23 8852 10000 .0.115
902475 5624 523 495 6814 24.5 23 8786 10000 -0.121
903586 5729 532 515 6925 24.5 23 8932 10068 -0.107

Average .0.116
StandardDeviation 0.009

Mixture: Cf.252 (Bare). 1000 torero;& Cs.137 - 3000 torero;- Detection of Neutron
Dose in the Presence of Photons

Bkg Bkg Reported Delivered Performance
Card# L1 1.2 L3 L4 LI&4 L2.&3 DOSE Dose Quotient
900247 2918 2342 2378 3094 24.5 23 992 1000 -0.008
900364 3009 2390 2545 3073 24.5 23 901 1000 .0.099
903450 2869 2407 2689 3160 24.5 23 724 1000 .0.276
903458 2920 2411 2618 3116 24.5 23 784 1000 .0.216
901319 2901 2430 2569 3158 24.5 23 813 1000 -0.187
900977 2925 2468 2483 3139 24.5 23 847 1000 -0.153
902772 2972 2503 2777 3095 24.5 23 626 1000 .0.374
902452 2812 2516 2668 3103 24.5 23 554 1000 .0.446
902289 3016 2541 2440 3152 24.5 23 900 1000 .0.100
902037 3071 2558 2490 3096 24.5 23 861 1000 .0.139

Average .0.200
StandardDeviation 0.133
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