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PREFACE

This document was developedunder the auspices of the Hanford

EnvironmentalDose Overview Panel (hereinafterreferredto as the Panel or

HEDOP). The Panel was establishedin 1977 and originally named the Hanford

Dose Overview Panel. The Panel is responsiblefor reviewingall assessments

of potentialdoses received by humans and other biota resultingfrom the

actual or possible environmentalreleases of radioactiveand other hazardous

materialsfrom facilitiesand/or operationsbelongingto the U.S. Department

of Energy (DOE) on the Hanford Site in south-centralWashington. These

assessments(hereinafterreferredto as environmentaland health dose

assessments)are reviewed for their consistencywith HEDOP-approvedmethods or

for their technicalvalidity if other than HEDOP-approvedmethods were used.

The Panel also determines the adequacy of the documentationthat supports the
assessments.

The Panel serves as the technicalrepresentativefor DOE's Richland

Field Office (RL) for matters related to environmentaland health dose

assessments. The Panel is comprisedof representativesfrom the Hanford

EnvironmentalHealth Foundation,PacificNorthwestLaboratory,Westinghouse

Hanford Company, and RL.

This document is intendedto supportHEDOP's responsibilities, lt

serves as a guide for developingestimatesof potentialradiationdoses, or

other measures of risk or health impacts,to people and other biota in the

environs on and around the HanfordSite. lt provides informationneeded to

develop technicallysound estimatesof retrospectiveor prospectiveexposures

to receptorsresulting from the environmentaltransportof potentiallyharmful

materials (i.e., radioactiveand non-radioactivehazardoussubstances)that

have been, or could be, releasedfrom the Hanford Site. The document includes

listingsof parameters and informationthat are specificto the Hanford

environs as well as other supportingmaterial, lt is updated periodicallyto

reflect improved knowledgeabout the parameters and other information.

Revised versions also reflect changes in applicable regulations.
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The first version of this documentwas issued originally as

McCormack, W. D. 1982. Hanford Dose Overview Proqram: Standardized
Methods and Data for Hanford EnvironmentalDose Calculations. PNL-3777,
Pacific NorthwestLaboratory,Richland,Washington.

The first re_isionwas issued as

McCormack, W. D., J. V. Ramsdelland B. A. Napier. 1984. Hanford Dose
Overview Proqram: StandardizedMethods and Data for Hanford
EnvironmentalDose Calculations. PNL-3777 Rev I, PacificNorthwest
Laboratory,Richland,Washington.

This second revision of the document (i.e.,PNL-3777 Rev 2) is being

issued as a controlled-distributiondocument in a loose-leaf notebook format.

This is being done so that as sectionsof the document are periodically

updated, they can be provided to registeredrecipientsto replace the

correspondingsegments. This will eliminate the need to issue the entire

document each time particular sectionsare updated.

The distributionof this version and all future updates will be

controlled by the ExecutiveSecretaryof HEDOP. Contact the Executive

Secretary(a)to receive an updatedversion and to be placed on the

controlled-distributionlist for this document. Readers are encouragedto

contact the ExecutiveSecretaryto pass along ideas for improvingthis

"living"document.

(a) Please provide the informationrequested in Appendix A, "Document
Request Form," to the ExecutiveSecretaryof HEDOP. See Appendix C.2,
"HanfordEnvironmentalDose Overview Panel Members for 1992/1993,"for
the name, address, and phone number of the current ExecutiveSecretary.
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SUMMARY

This document was developed to supportthe Hanford EnvironmentalDose

Overview Panel (HEDOP). The Panel is responsiblefor reviewingall

assessmentsof potentialdoses receivedby humans and other biota resulting

from the actual or possible environmentalreleases of radioactiveand other

hazardousmaterial from facilitiesand/or operationsbelongingto the U.S.

Department of Energy on the Hanford Site in south-centralWashington. These

environmentaland health dose assessmentsare reviewed for their consistency

with HEDOPoapprovedmethods or for their technicalvalidity if other than

HEDOP-approvedmethodswere used. The Panel also determinesthe adequacy of

the documentationthat supports the assessments.

This document serves as a guide to be used for developing estimatesof

potential radiationdoses, or other measures of risk or health impacts, to

people and other biota in the environs on and around the Hanford Site. lt

provides informationto develop technicallysound estimatesof exposure (i.e.,

potentialor actual) to humans or other biotic receptorsthat could result

from the environmentaltransportof potentiallyharmfulmaterials that have

been, or could be, released from Hanford operationsor facilities. Parameter

values and informationthat are specificto the Hanfordenvirons as well as

other supportingmaterial are included in this document.

This document,which is the second revision of "StandardizedMethods and

Data for Hanford EnvironmentalDose Calculations"(i.e., PNL-3777 and PNL-3777

Rev I), will continue to be updated periodically. The disseminationof this

controlled-distributiondocumentand future updates will be administeredby

the ExecutiveSecretaryof HEDOP.

0
vii

[HEDOP\PNL-3777.RV2\01-FRTPG.933]



THIS PAGE BLANKINTENTIONALLY

viii Q

[HEDOP\PNL-3777.RV2\OI-FRTPG.933]



ACKNOWLEDGMENTS

The authorswish to acknowledgeMr. W. David McCormack,who was the sole

author of the first version and lead author of the second version of this

report. He had the foresightto see the need for a document of this type and

was primarilyresponsiblefor its development. Mr. McCormack should also be

recognizedfor his labors in establishingthe functionof what is now called

the Hanford EnvironmentalDose Overview Panel and serving as its Chairperson

for a number of years. Ron Kathren, the late Ed Watson, Jerry Martin, Gene

Schreckhiseand Janet Davis also should be acknowledgedfor their leadership

during their tenures as Chairpersonsof the Pane!.

The authorsespeciallywant to thank Mr. Joseph K. Soldat for his

critical review of this document. The credibilityof a document of this type

is greatly enhanced by the fact that someone of Mr. Soldat's stature and

reputation (i.e.,the "grandfather"of environmentaldosimetry codes at

Hanford as well as probablythe entireworld) has reviewed and passed his

multi-coloredpen over it. The authorsalso wish to acknowledgethe valuable

review comments provided by Brit Hey, Dave Himes, Paul Rittmann_and Monte

Sula along with the capableeditorialsupport provided by Don Hanley.

The authors also want to thank the other members of the Panel for their

support and patienceduring the developmentof this version of the document.

ix

[HEDOP\PNL-3777.RV2\OI-FRTPG.92D]



THIS PAGEBLANKINTENTIONALLY

X

[HEDOP\PNL-3777.RV2\OI-FRTPG.933]



CONTENTS

APPROVAL ............................. iii

PREFACE ............................. v

SUMMARY ............................. vii

ACKNOWLEDGMENTS ......................... ix

1.0 INTRODUCTION ........................ 1.0. I

2.0 THE HANFORD ENVIRONMENTALDOSE OVERVIEW PANEL ....... 2.0. i

2.1 CHARTER ........................ 2.0. I

2.2 PURPOSE ........................ 2.0. 2

2.3 SCOPE ......................... 2.0. 2

2.4 PANEL MEMBERSHIP ................... 2.0. 3

2.5 HEDOP-MANDATEDREVIEWS ................. 2.0. 3

2.6 HEDOP-APPROVEDCODES .................. 2.0. 3

3.0 ENVIRONMENTALDOSE CALCULATIONMETHODS ........... 3.0. I

3.0.1 REFERENCES ..................... 3.0. 4

3.1 ATMOSPHERICRELEASES .................. 3.1. I

3.1.1 AtmosphericTransport .............. 3.1. I

3.1.2 Retrospectiveand ProspectiveAnalyses of
Chronic and Acute Releases ........... 3.1. 4

3.1.2.1 ChronicAtmosphericReleases ..... 3.1. 4

3.1.2.2 Acute AtmosphericReleases ...... 3.1. 4

3.1.3 ExposurePathways for AtmosphericReleases . . . 3.1. 4

3.1.4 CollectiveDoses from AtmosphericReleases . . . 3.1. 7

3.1.5 References ................... 3.1. 7

3.2 LIQUID RELEASES TO SURFACEAND GROUND WATER ...... 3.2. I

3.2.1 Surface-WaterTransport ............. 3.2. I

3.2.2 Ground-WaterTransport ............. 3.2. 2

3.2.3 Exposure Pathwaysfor Liquid Releases ...... 3.2. 2

3.2.4 CollectiveDoses from Liquid Releases ...... 3.2. 3

3.2.5 References ................... 3.2. 4

3.3 TYPES OF ENVIRONMENTALRADIATIONDOSE ESTIMATES .... 3.3. I

3.3.1 Dose Equivalent ................ 3.3. I

3.3.2 CommittedDose ................. 3.3. 2

3.3.3 CommittedDose Equivalent ........... 3.3. 2

I Report: R,,ECOMMENDEDENVIRONMENTALDOSE CALCULATIONMETHODSAND HANFORD-SPECIFICPARAMETERS(PNL-3777Rev 2)

Sectlon: CONTENTS
Section Revision N_mber: 0 [HEDOP\PNL-3777.RV2\O2-CONTS.933] CONTENTSRev 0
Revision Date: Narch 1993 Page I of 12



3.3.4 EffectiveDose Equivalent ............ 3.3. 3

3.3.5 Other Types of Dose Estimates .......... 3.3. 4

3.3.6 References ................... 3.3. 5

3.4 RECEPTOR LOCATIONSFOR ENVIRONMENTALRELEASES ..... 3.4. I

3.4.1 Chronic Releases ................ 3.4. I

3.4.2 Acute Releases ................. 3.4. 2

3.4.3 Maximally Exposed IndividualLocations ..... 3.4. 3

4.0 HEDOP-APPROVEDENVIRONMENTALAND HEALTH DOSE ASSESSMENT CODES 4.0. I

4.0.1 References ..................... 4.0. I

4.1 THE GENII COMPUTER CODE .................. 4.1. I

4.1.1 References ..................... 4.1. 3

4.2 EPA-MANDATEDCODES ..................... 4.2. I

4.2.1 The CAP-88 Code Package ............... 4.2. I

4.2.2 The AIRDOS-PCCode ................. 4.2. 2

4.2.3 The COMPLY Code ................... 4.2. 2

4.2.4 References ..................... 4.2. 3

4.3 OTHER CODES ........................ 4.3. I

4.3.1 REFERENCES ..................... 4.3. I

5.0 PERSPECTIVEON ENVIRONMENTALDOSES ............. 5.0. i

5.1 SOURCESOF NATURAL BACKGROUNDRADIATION ........ 5.0. 2

5.2 ANTHROPOGENICSOURCES OF RADIATION ........... 5.0. 2

5.3 ESTIMATESOF RISK FROM RADIATIONDOSES ........ 5.0. 2

5.4 REFERENCES ...................... 5.0. 4

APPENDIX A - DOCUMENT REQUEST FORM ................ A. I

APPENDIX B - CHARTER OF THE HANFORD ENVIRONMENTALDOSE
OVERVIEW PANEL ................... B. I

APPENDIX C.I - CURRENT HEDOP-APPROVEDREVIEWERS ......... C.I. I

APPENDIX C.2 - HANFORD ENVIRONMENTALDOSE OVERVIEW PANEL
MEMBER_ FOR 1992/1993 .............. C.2. I

APPENDIX D - HEDOP-MANDATEDREVIEW REQUIREMENTSAND PROCEDURES . . D. I

APPENDIX E - HEDOP CODE APPROVAL POLICY ............. E. I

APPENDIX F.I - CURRENT HEDOP-APPROVEDCODES ........... F.I. I

F.I.1 - REFERENCES ..................... F.I. 3

APPENDIX F.2- HEDOP GUIDANCE FOR USING EPA-MANDATEDCODES
AT HANFORD .................... F.2. I

Report: REC{WilNENDEDENVIRONNENTALDOSE CALCULATIONNETHDOSANl)HANFORD-SPECIFICPARA)IETERS(PNL-3777Rev 2) n
Sectton: CONTENTS
Section Rev|sion'Nud_er: 0 [liEDOP\PNL-3777.RV2\O2-CONTS.933] CONTENTSRev 0
Revtston Date: 14arch 1993 Page 2 of 12



APPENDIXG.I - HANFORDSITEDESCRIPTION ............. G.I. I

G.I.1- SITE ENVIRONMENT .................. G.I. 3

G.I.2- LANDUSE ...................... G.I. 3

G.I.3- CLIMATEAND METEOROLOGY .............. G.I. 5

G.I.4- GEOLOGY ...................... G.I. 6

G.I.5- GROUND-WATERHYDROLOGY ............... G.I. 7

G.I.6- SURFACE-WATERHYDROLOGY .............. G.I. 9

G.I.7- ECOLOGICALCHARACTERISTICS ............. G.I.10

G.I.8- REFERENCES ............... •...... G.I.11

APPENDIXG.2 - RESIDENTIALPOPULATIONDISTRIBUTIONSWITHIN80 KM
OF THE HANFORDSITEAREAS ............ G.2. I

APPENDIXH.I - ATMOSPHERICDISPERSIONMODELINGAT HANFORD..... H.I. I

H.I.1- JOINTFREQUENCYDISTRIBUTIONS ........... H.I. 3

H.I.2- CHRONICRELEASES .................. H.I. 5

H.I.3- ACUTERELEASES ................... H.I. 6

H.I.4- REFERENCES ..................... H.I. 7

APPENDIXH.2 o IMPLEMENTATIONAND USE OF THE ATMOSPHERIC
DISPERSIONMODELSIN GENII ............ H.2. I

H.2.1- CHRONICRELEASEOPTIONS .............. H.2. 3

H.2.2- ACUTERELEASEOPTIONS ............... H.2. 5

H.2.3- OPTIONALMODELS .................. H.2.8

H.2.4- ATMOSPHERICDISPERSIONAND AIR-SUBMERSION
MODELINTERACTIONS ................. H.2.10

H.2.5- REFERENCES ..................... H.2.11

APPENDIXH.3 - HANFORDAREA METEOROLOGICALINFORMATIONBASED
ON 1983THROUGH1991OBSERVATIONS ........ H.3. ]

H.3.1- GUIDELINESFOR USINGJOINTFREQUERCYDATAWITH THE
GENIICODE ..................... H.3.3

H.3.2- HANFORD-AREAJOINTFREQUENCYTABLESBASEDON
1983THROUGH1991METEOROLOGICALINFORMATION .... H.3. 4

APPENDIXH.4 - ATMOSPHERICDISPERSIONFACTORS: ANNUALSECTOR-
AVERAGED_/Q'VALUESFOR CHRONICRELEASESFROM
HANFORDAREASBASEDON 1983THROUGH1991
METEOROLOGICALINFORMATION ............ H.4. I

APPENDIXH.5 - ATMOSPHERICDISPERSIONFACTORS: 95TH PERCENTILE
CENTER-LINEE/Q VALUESFOR ACUTEATMOSPHERIC
RELEASESFROMTHE HANFORDAREASBASEDON
1983THROUGH1991METEOROLOGICALINFORMATION . . . H.5. I

Report: REC(N4ENOEDENVIRONHENTALDOSE CALCULATIONMETHODSMO HANFORD-SPECIFICPARN4ETFRS(PNL-3777eev 2) [[

_m

Section: CONTENTS

IISection Revision Number: 0 [HEDOP\PNL-3777.RV2\O2-CONTS.933] CONTENTSRev 0
Revision Date: March 1993 Page 3 of 12



APPENDIX H.6 - ATMOSPHERICDISPERSION FACTORS: 99.5TH PERCENTILE
CENTER-LINEE/Q VALUES FOR ACUTE ATMOSPHERIC
RELEASES FROM THE HANFORDAREAS BASED ON
1983 THROUGH 1991 METEOROLOGICALINFORMATION . . . H.6. I

APPENDIX H.7 - RECEPTORLOCATIONS FOR MAXIMALLYEXPOSED INDIVIDUALS
RESULTINGFROM ATMOSPHERICRELEASES FROM SPECIFIED
HANFORD FACILITIES ................ H.7. I

APPENDIX I - RECOMMENDEDSCENARIO DEFINITIONSFOR ATMOSPHERIC
AND LIQUID RELEASES ................ I. I

APPENDIXJ - RECOMMENDEDPARAMETERSFOR CALCULATINGPOTENTIAL
ENVIRONMENTALRADIATIONDOSES AT HANFORD ..... J. I

J.1 - ATMOSPHERICTRANSPORT ................ J. 3

J.I.1 - AtmosphericDispersion Factors ........ J. 4

2.1.2 - Deposition . ................. J. 4

J.I.3 - FractionalInterceptValues .......... J. 4

J.I.4 - Resuspension ................. J. 4

J.2 - SURFACE-WATERTRANSPORT ............... J. 5

J.3 - SUBSURFACESOURCES .................. J. 5

J.4 - INGESTIONPATHWAYS .................. J. 5

J.4.1 - DrinkingWater ................ J. 5

J.4.2 - Aquatic Foodstuffs .............. J. 5 B
J.4.2.1 o ConcentrationRatios .......... J. 6

J.4.2.2 - Water TreatmentCleanup Factors .... J. 7

J.4.3- TerrestrialFood Products ........... J. 7

J.4.3.1 - Chronic Releases ............ J. 7

J.4.3.2 - Acute Releases ............. J. 7

J.4.3.3 -Default Values ............. J. 8

J.4.3.4 - Carbon-14 and TritiumModels ...... J. 8

J.4.3.5 - Deposition Velocity .......... J. 8

J.4.3.6 - ConcentrationRatio .......... J. 9

J.4.3.7 - EquilibriumTransferCoefficients . . . J. 9

J.4.3.8 - Leaching Factor ............ J.10

J.5 - EXTERNAL EXPOSURE .................. J.11

- J.6 - MISCELLANEOUSPARAMETERS ............... J.11

J.7 - REFERENCES ....................... J.11

Report: RECOMMENDEDENVIRONMENTALIX)SECALCULATIONMETHODSANDHANFORD-SPECIFICPARAMETERS(PNL-3777 Rev 2}
Section: CONTENTS
Section Revision Number: 0 [HEDOP\PfiL-Si77.RV2\O2-CONTS.933] CONTENTSRev 0
RevisionDate: .u__rc.h!99_3 Paqe 4 of 12

q



APPENDIX K - GLOSSARY ...................... K. I

K.I - ABBREVIATIONS,ACRONYMS,AND DEFINITIONS ....... K. 3

K.2 - REFERENCES ...................... K. 9

DISTRIBUTION ........................... Distri-I

Report: RECOMMENDEDENVIRONMENTALDOSE CALCULATIONMETHODSAND HANFORD-SPECIFICPARAMETERS (PNL-3777Rev 2)

Section: CONTENTS
Section Revision Number: 0 [HEDOP\PNL-3777.RV2\O2-CONTS.933] CONTENTSRev 0
Revision Date: March 1993 Page 5 of 12



F.IGURES

3.I Primary Exposure Pathwaysat Hanford .......... 3.0. I

G.1.1 Hanford Site ...................... G.I. 4

Report: RECOI_ENDEDENVIRONMENTALDOSE CALCULATIONMETHODS AND HANFORD-SPECIFICPARAMETERS (PNL-3777Rev 2)
Sectt on: CONTENTS
Sectton Revtsion N_mber: 0 [HEDOP\PNL-3777.RV2\O2-CONTS.933] CONTENTSRev 0
Revision Date: Hatch 1993 Page 6 of 12



TABLES

3.3.1 Quality Factors ..................... 3.3. 2

3.3.2 Weighting Factors .................... 3.3. 3

5.1 RadiationDoses to an Average Member of the U.S.
Populationsfrom Natural and Artificial Sources ..... 5.0. I

5.2 Lifetime Fatal Cancer Risk Factors from Whole-Body
Exposure to Low-LET Radiation .............. 5.0. 3

5.3 EstimatedRisk from Various Activities and Exposures . . 5.0. 4

G.2.1 ResidentialPopulation DistributionsWithin 80 km of the
100 N Area Based on 1990 Census Data .......... G.2. 4

G.2.2 ResidentialPopulation DistributionsWithin 80 km of the
200 Areas Based on 1990 Census Data ........... G.2. 4

G.2.3 ResidentialPopulation DistributionsWithin 80 km of the
300 Area Based o,_1990 Census Data ........... G.2. 5

G.2.4 ResidentialPopulation DistributionsWithin 80 km of the
400 Area Based on 1990 Census Data ........... G.2. 5

H.I.1 Wind Speed Classifications ............... H.I. 3

H.I.2 Atmospheric StabilityClassifications .......... H.I. 4

H.3.1 Joint FrequencyDistributions for the 100 N Area for a
10-m Tower Based on 1983-91 Data ............ H.3. 5

H.3.2 Joint FrequencyDistributions for the 100 N Area for a
61-m Tower Based on 1983-91 Data ............ H.3. 6

H.3.3 Joint FrequencyDistributions for the 100 N Area for an
89-m Tower Based on 1983-91 Data ............ H.3. 7

H.3.4 Joint FrequencyDistributionsfor the 200 Areas for a
10-m Tower Based on 1983-91 Data ............ H.3. 8

H.3.5 Joint FrequencyDistributionsfor the 200 Areas for a
61-m Tower Based on 1983-91Data ............ H.3. 9

H.3.6 Joint Frequency Distributionsfor the 200 Areas for an
89-m Tower Based on 1983-91Data ............ H.3.10

H.3.7 Joint Frequency Distributionsfor the 300 Area for a
10-m Tower Based on 1983-91Data ............ H.3.11

H.3.8 Joint Frequency Distributionsfor the 300 Area for a
61-m Tower Based on 1983-91 Data ............ H.3.12

H.3.9 Joint FrequencyDistributions for the 300 Area for an
89-m Tower Based on 1983-91 Data ............ H.3.13

H.3.10 Joint FrequencyDistributions for the 400 Area for a
10-m Tower Based on 1983-91 Data ............ H.3.14

Report: RECOMMENDED ENVIRONMENTALDOSE CALCULATIONMETHODSAND HANFORD-SPECIFICPARN4ETER-_(PNL-3777Rev 2)
Section: CONTENTS

Section Revision Number: 0 [HEDOP\PNL-3777.RVZ\O2-CONTS.933] CONTENTS Rev 0
Revision Date: Narch 1993 Page l of 12



H.3.11 Joint FrequencyDistributionsfor the 400 Area for a
61-m Tower Based on 1983-91 Data ............ H.3.15

H.3.12 Joint FrequencyDistributions for the 400 Area for an
89-m Tower Based on 1983-91 Data ............ H.3.16

H.4.1 _/Q' Values for Chronic Ground-LevelReleases from
100 N Area Based on 1983-91 MeteorologicalInformation . H.4. 4

H.4.2 _/Q' Values for Chronic 30-m Stack Releases from
100 N Area Based on 1983-91 MeteorologicalInformation . H.4. 4

H.4.3 _/Q' Values for Chronic 60_m Stack Releases from
100 N Area Based on 1983-91 MeteorologicalInformation . H.4. 5

H.4.4 _/Q' Values for Chronic 90-m Stack Releases from
100 N Area Based on 1983-91MeteorologicalInformation . H.4. 5

H.4.5 _/Q' Values for Chronic Ground-LevelReleases from
200 Areas Based on 1983-91MeteorologicalInformation . . H.4. 6

H.4.6 _/Q' Values for Chronic 30-m Stack Releases from
200 Areas Based on 1.983-91Meteorological Information . . H.4. 6

H.4.7 _/Q' Values for Chronic 60-m Stack Releases from
200 Areas Based on 1983-91Meteorological Information . . H.4. 7

H.4.8 _/Q' Values for Chronic gO-m Stack Releases from
200 Areas Based on 1983-91 MeteorologicalInformation . . H.4. 7

H.4.9 _/Q' Values for Chronic Ground-LevelReleases from
300 Area Based on 1983-91Meteorological Information . . H.4. 8

H.4.10 _/Q' Values for Chronic 30-m Stack Releases from
300 Area Based on 1983-91Meteorological Infermation . . H.4. 8

H.4.11 _/Q' Values for Chronic 60-m Stack Releases from
300 Area Based on 1983-91Meteorological Information . . H.4. 9

H.4.12 _/Q' Values for Chronic Ground-LevelReleases from
400 Area Based on 1983-91Meteorological Information . . H.4. 9

H.4.13 _/Q' Values for Chronic 10-m Stack Releases from
400 Area Based on 1983-91 MeteorologicalInformation . . H.4.10

H.4.14 _/Q' Values for Chronic 30-m Stack Releases from
400 Area Based on 1983-91MeteorologicalInformation . . H.4.10

H.5.1 9Sth Percentile E/Q Values for Acute Ground-Level
Releases from 100 N Area Based on 1983 Through 1991
Meteorological Information ............... H.5. 4

H.5.2 9Sth Percentile E/Q Values for Acute 30-m Stack
Releases from 100 N Area Based on 1983 Through 1991
Meteorological Information ............... H.5. 4

H.5.3 gSth Percentile E/Q Values for Acute 60-m Stack
Releases from 100 N Area Based on 1983 Through 1991
Meteorological Information ............... H.5. 5

d
Report: RECOMMENDEDENVIRONMENTALDOSECkLCULkTIONMETHODSAND HANFORD-SPECIFICPARANET.ERS(PNL-3777 Rev 2) II
section: CONTENTS !1Section Revision N_mber: 0 [HEDOP\PNL-3777.RVZ\O2-CONTS.933] CONTENTSRev 0
Revision Date: March 1993 Page 8 of 12



H.5.4 95th PercentileE/Q Valuesfor Acute90-m Stack
Releasesfrom 100 N Area Basedon 1983Through1991
MeteorologicalInformation ............... H.5. 5

H.5.5 95th PercentileE/Q Valuesfor AcuteGround-Level
Releasesfrom 200 AreasBasedon 1983Through1991
MeteorologicalInformation ............... H.5. 6

H.5.6 95th PercentileE/Q Vc!uesfor Acute30-m Stack
Releasesfrom 200 AreasBasedon 1983Through1991
MeteorologicalInformation ............... H.5. 6

H.5.7 95th PercentileE/Q Valuesfor Acute60-m Stack
Releasesfrom 200 AreasBasedon 1983Through1991
MeteorologicalInformation • • _ ............ H.5. 7

H.5.8 9Sth PercentileE/Q Valuesfor Acute90-m Stack
Releasesfrom 200 AreasBasedon 1983 Through1991
MeteorologicalInformation ............... H.5. 7

H.5.9 95th PercentileE/Q Valuesfor AcuteGround-Level
Releasesfrom 300 Area Basedon 1983Through1991
MeteorologicalInformation ............... H.5. 8

H.5.10 9Sth PercentileE/Q Valuesfor Acute30-m Stack
Releasesfrom 300 Area Basedon 1983Through1991
MeteorologicalInformation ............... H.5.8

H.5,11 9Sth PercentileE/Q Valuesfor Acute60-m Stack
Releasesfrom300 Area Basedon 1983Through1991
MeteorologicalInformation ............... H.5° 9

H.5.12 95th PercentileE/Q Valuesfor AcuteGround-Level
Releasesfrom 400 Area Basedon 1983Through1991
MeteorologicalInformation ............... H.5. 9

H.5.13 9Sth PercentileE/Q Valuesfor Acute10-m Stack
Releasesfrom 400 Area Basedon 1983Through1991
MeteorologicalInformation ............... H,5.10

H.5.14 9Sth PercentileE/Q Valuesfor Acute30-m Stack
Releasesfrom 400 Area Basedon 1983Through1991
MeteorologicalInformation ............... H.5.10

H.6.1 99.5thPercentileE/Q Valuesfor AcuteGround-Level
Releasesfrom 100 N Area Basedon 1983Through1991
MeteorologicalInformation ............... H.6. 4

H.6.2 99.5thPercentileE/Q ValuesforAcute30-m Stack
Releasesfrom 100 N Area Basedon 1983Through1991
MeteorologicalInformation ............... H.6. 4

H.6.3 99.5thPercentileE/Q Valuesfor Acute60-m Stack
Releasesfrom 100 N Area Basedon 1983Through1991
MeteorologicalInformation ............... H.6. 5

H.6.4 99.5thPercentileE/QValues for Acute90-m Stack
Releasesfrom I00 N Area Basedon 1983 Through1991
MeteorologicalInformation ............... H.6. 5

I Report: RECOflNENDEDENVIRONNENTALDOSECALCULATIONNETHODSANDHANFORD-SPECIFICPARAMETER,_(PNL-3777 Rev 2)

Section: CONTENTS

Section Revision Number: 0 [HEDOP\PNL-3777.RV2\O2-CONTS.933] CONTENTSRev 0
Revision Date: Narch 1993 Page 9 of 12



H.6.5 99.5thPercentileE/Q Valuesfor AcuteGround-Level
Releasesfrom 200 AreasBasedon 1983Through1991
MeteorologicalInformation ............... H.6. 6

H.6.6 99.5thPercentileE/Q Valuesfor Acute30-m Stack
Releasesfrom 200 AreasBasedon 1983 Through1991
MeteorologicalInformation ............... H.6. 6

H.6.7 99.5thPercentileE/Q Valuesfor Acute60-m Stack
Releasesfrom 200 AreasBasedon 1983Through1991
MeteorologicalInformation ............... H.6. 7

H.6.8 99.5thPercentileE/Q ValuesforAcute90-m Stack
Releasesfrom 200 AreasBasedon 1983Through1991
MeteorologicalInformation ............... H.6. 7

H.6.9 99.5thPercentileE/Q Valuesfor AcuteGround-Level
Releasesfrom 300 Area Basedon 1983Through1991
MeteorologicalInformation ............... H.6. 8

H.6.10 99.5thPercentileE/Q Valuesfor Acute30-m Stack
Releasesfrom300 Area Basedon 1983Through1991
MeteorologicalInformation ............... H.6. 8

H.6.11 99.5thPercentileE/Q Valuesfor Acute60-m Stack
Releasesfrom 300 Area Basedon 1983Through1991
MeteorologicalInformation ............... H.6. 9

H.6.12 99.5thPercentileE/Q Valuesfor AcuteGround-Level
Releasesfrom400 Area Basedon 1983Through1991
MeteorologicalInformation ............... H.6. 9

H.6.13 99.5thPercentileE/Q Valuesfor Acute 10-mStack
Releasesfrom 400 Area Basedon 1983Through1991
MeteorologicalInformation ............... H.6.10

H.6.14 99.5thPercentileE/Q Valuesfor Acute30-m Stack
Releasesfrom 400 Area Basedon 1983Through1991
MeteorologicalInformation ............... H.6.10

H.7.1 Site BoundaryLocationsand CorrespondingMaximum
_/Q' and E/Q Valuesfor the PUREXPlant ......... H.7. 4

H.7.2 Site BoundaryLocationsand CorrespondingMaximum
_/Q' and E/Q Valuesfor PFP ............... H.7. 5

H.7.3 Site BoundaryLocationsand CorrespondingMaximum
T_/Q'and E/Q Valuesfor FFTF .............. H.7. 6

I.I RecommendedExposureScenariosfor AtmosphericReleases
Fromthe HanfordSite .................. I. 4

1.2 RecommendedExposureScenariosfor LiquidReleasesto the
ColumbiaRiverFrom the HanfordSite .......... I. 5

J.1 RecommendedParameterValues-- AtmosphericTransport . . J.13

J.2 RecommendedParameterValues-- Surface-WaterTransport . J.15

J.3 RecommendedParameterValues-- SubsurfaceSources . . . J.17

I Report: RECd..ENDEDENVIRONMENTALDOSECALCULATIONMETHODSANDHANFORD-SPECIFICPARAMETERS(PNL-3777 Rev 2) II

Section: CONTENTS ISection Revision N,.mber: 0 [HEDOP\PNL-3777.RV2\O2-CONTS.933] CONTENTSRev 0
Revision Date: March 1993 Page 10 of 12



J.4 Recommended Parameter Values -- Drinking Water Ingestion J.19

J.5 Recommended Parameter Values -- Ingestionof Aquatic
Foodstuffs ....................... J.20

J.6 Recommended Parameter Values -- Aquatic Transfer Factors J.21

J.7 Recommended Parameter Values -- Ingestionof Food Crops . J.25

J.8 Recommended Parameter Values -- Ingestionof Animals
Products ........................ J.28

J.9 Recommended Parameter Values -- TerrestrialTransfer
Factors ......................... J.33

J.10 Recommended Parameter Values -- Carbon and Hydrogen
Content of Selected EnvironmentalMedia ......... J.37

J.11 RecommendedParameter Values -- External Exposure .... J.38

J.12 Recommended ParameterValues -- Miscellaneous ...... J.39

I Report: RECOMMENDEDENVIRONMENTALDOSECALCULATIONMETHODSANDHANFORD-SPECIFICPARAMETERS(PNL-3777 Rev 2)

Section: CONTENTS
Section Revision N_mber: 0 [HEDOP\PNL-3777.RV2\O2-CONTS.933] CONTENTSRev 0
Revision Date: Narch 1993 Page 11 of 12



THIS PAGE BLANKINTENTIONALLY

n Report: RECOIINENDEDENVIRONNENTALDOSECkLCULATIOItHETHDOSkilo ltANFORD-SPECIFICPARANETERS(PNL-3/17 Rev 2) II

d

Sectton: CONTENTS nSection Revtston N_wer: 0 [HEDOP\PNL-3777.RV2\O2-CONTS.933] CONTENTSRev 0
Rev]s|on Date: Hatch 1993 Page 12 of 12



I.0 INTRODUCTION

Estimatesof potential doses received by humans and other biota are

required to be developed whenever conditions or operations on the Hanford Site

have resulted in, or present the possibilityof, releases of radioactive or

other hazardousmaterials to the environment. (A descriptionof the Hanford

Site and surroundingregion is presented in Appendix G.I.) These

calculations,hereinafter referred to as environmentaland health dose

assessments,include prospective and retrospectiveanalyses. Prospective

assessmentsare performed to evaluate the adequacy of proposed control systems

and general operati,ms to comply with applicable environmental regulations.

Retrospectiveassessmentsof present as well as past operations are also

conducted to evaluate potential health and environmental impacts and to

demonstrate compliance with applicable rules and regulations. Because the

results of these assessments are very sensitive to the models, parameters,

input data, and assumptions selected, it is important that the methods and

supporting informationemployed be appropriateand technically consistent

throughout the Site.

The importance of consistency in these assumptionswas recognized in

1975 when the predecessor agency of the U.S. Department of Energy's Richland

Field Office (RL) requested Pacific Northwest Laboratory (PNL) to provide a

means to improve the consistencyand accuracy of all documented Hanford-

related environmentalradiation dose calculations. As a result of the

request, the now-designatedHanford EnvironmentalDose Overview Panel (HEDOP)

was established in 1977. The Panel is responsible for reviewing all Hanford-

related environmentaland health dose assessments for I) technical

consistency,2) technical validity, and 3) adequacy of the documentation that

supports the assessments.

The Panel serves as the technical representativefor RL on matters

related to environmentaland health dose assessmentsof operations and

facilities belonging to the U.S. Department of Energy on the Hanford Site.

The voting members are the representativesfrom the Hanford Environmental

Health Foundation (HEHF), Pacific Northwest Laboratory (PNL), and Westinghouse

Hanford Company (WHC). The nonvotingmembers include a representativeFrom RL
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and the manager of PNL's Hanford EnvironmentalDosimetry CoordinationProject

who serves as the Executive Secretary of HEDOP. (One function of the DOE-

funded Hanford EnvironmentalDosimetry CoordinationProject is to provide

technical and administrativesupport to HEDOP.) A Panel member from HEHF, PNL

or WHC is elected each year by the HEDOP members to serve as chairperson. The

current members of the Panel are listed in Appendix C.2

This report, which has been updated twice, was developed to support

HEDOP's responsibilities, lt serves as a guide for developing estimates of

potential radiationdoses, or other measures of risk or health impacts, to

people and other biota in the environs on and around the Hanford Site. lt

provides the informationnecessary to develop technically sound estimates of

potential or actual exposure to receptors involvingthe environmental

transport of potentially harmful material that has been, or could be, released

from Hanford operations and facilities. The document includes parameters and

other Hanford-specificinformationas well as other supplementalmaterial.

The Panel plans to update this report periodicallyto reflect improved

knowledge about the parameters and other forms of informationthat are used in

dose-estimatingprocedures and to indicatechanges in applicable regulations.

An overview of the charter, purpose, scope, and responsibilitiesof

HEDOP is presented in Section 2. Section 3 presents a synopsis of the methods

used to estimate various types of potential radiation doses that could result

from the release of radionuclidesto the atmosphere and surface and ground

water. Section 4 describes the environmental and health dose assessment

computer codes that have been approved by HEDOP. Perspectiveson

environmental sources and levels of background radiation are presented in

Section 5. In addition, estimates of potential risk from radiation doses as

published by various national and internationalorganizations are summarized.

The appendixes include details on how to request a copy of this document,

informationon HEDOP-mandatedrequirements,and a list of HEDOP-approved

codes. A descriptionof the Site and surrounding region, the various Hanford-

specific parameters and other supporting informationthat are used in the

codes, and a list of acronyms and glossary of terms used throughout this

document are included in the Appendices.
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2.0 THE HANFORDENVIRONMENTALDOSE OVERVIEWPANEL

The organizationnow knownas the HanfordEnvironmentalDose Overview

Panel (HEDOP)was establishedin 1977 in responseto a requestfrom the

predecessoragencyof the U.S. Departmentof Energy'sRichlandFieldOffice

(RL). The Panelwas establishedto help RL ensurethat estimatesof potential

radiationdosesto the publicand the environmentthat couldresultfrom

releasesof radioactivematerialsfrom facilitiesand operationson the

HanfordSite are technicallydefensibleand consistent.Estimatesof dose or

riskfrom releasesof radionuclidesand otherpotentiallyhazardousmaterials

to the e,vironmentare performedfor a numberof purposesby several

organizationson the HanfordSite. Emissionsfrom past activitiesare

evaluatedto determinetheirpotentialimpacton the environmentand public

health,and to demonstratecompliancewith applicableregulationsand

standards. Estimatesof potentialdosesfrom futurefacilitiesare also

developedto supportengineeringdesignand safetyanalyses,securefederal

and statepermitsfor constructionor modificationof facilities,and

demonstratecompliancewith applicableregulationsand standards.

The Panelservesas the technicalrepresentativefor RL on matters

relatedto environmentaland healthdose assessmentsof operationsand

facilitiesthat belongto the U.S. Departmentof Energy(DOE)on the Hanford

Site. Environmentaland healthdose assessmentsmay include

• the use of varioustypesof modelsto projectthe environmental
transportof potentiallyharmfulmaterials

• the developmentof exposureand/ordose estimates

• applicationof healthrisk conversionfactors.

2.1 Charter

The Paneloperatedratherinformallyuntila Charterwas developedby

Hanfordcontractorand RL personnel.The Charterwas formallyapprovedby the

membersof the then-named"HanfordDose OverviewPanel"and RL. ltwas issued

by RL to the Hanfordcontractorson June 25, 1990. A copy of the Charteris
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presented in Appendix B. lt describes the Panel's purpose, membership, and

responsibilities.

2.2 PURpOSI_

The purposes of HEDOP are to assure that appropriate radiologicaland

nonradiologicalenvironmental and health dose assessment methods are used at

Hanford and that all Hanford-relatedenvironmentaland health dose assessments

are technicallyconsistent. The Panel also fosters communication among the

Hanford contractors regarding environmentaland health dose assessments.

As part of its responsibilities,HEDOP recommendsmethods and parameters

to be used in risk assessments,particularlyfor radiological-type

evaluations. However, the Panel also evaluates methods for conducting non-

radiologicalassessments because the Hanford Site has a growing need to

address the potential exposure of humans and other biota to hazardous

material_ other than just radioactivematerials.

One of the primary functions of the Panel is to support a group of

qualified reviewers who are available to review Hanford-relatedenvironmental

and health dose assessments according to criteria established by the Panel.

2.3 scoP

Although the initial emphasis of HEDOP was, and continues to be, the

potential environmentalradiation doses that could result from Hanford

operations,the methods and parameters used to estimate potential doses are

also applicable to evaluations for other types of hazardousmaterials as weil.

Accordingly, the Panel also addresses non-radiologicalissues.

The scope of HEDOP covers all environmentaland health dose assessments

for potential or actual exposure to onsite and offsite receptors that involve

the environmental transport of potentially harmfulmaterial that has been, or

could be, released from a Hanford operation or facility. Environmentaland

health dose assessmentsperformed for locations other than Hanford and for

facilities that do not belong to DOE on the Site (e.g., the commercial

radioactive burial site, operated by US Ecology, and the electricity-

generating nuclear reactor, owned by Washington Power Production Supply

System) are outside the scope of HEDOP.
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2.4 PANEL MEMBERSHIP

The Panel is comprised of up to four representativeseach from the

Hanford EnvironmentalHealth Foundation (HEHF), Pacific Northwest Laboratory

(PNL), and WestinghouseHanford Company (WHC)o A non-voting representative

from RL is also a member of the Panel. The manager of PNL's Hanford

EnvironmentalDosimetry CoordinationProject serves as the Executive

Secretary, and also a non-voting member. Each year the Panel elects one of

its voting members to serve as chairperson. The members represent a variety

of scientific and technical disciplines related to environmentaland health

dose assessments. The current membership of the Panel is presented in

Appendix C.2.

In addition to the HEDOP members, other Hanford staff and offsite

personnel are occasionallyrequested to assist the Panel. Working groups,

comprised of individualswith specializedscientific knowledge, may be

established by the Panel Chairperson to address a variety of technical issues.

2.5 HEDOP-MANDATEDREVIEWS

A review process for environmentaldose and risk assessmentshas been

establishedby HEDOP as the most efficientmeans of assuring technical

defensibility and consistencyacross the various groups that perform these

analyses on the Hanford Site. As stated in the HEDOP charter, "Hanford

contractorsshall assure that all applicable environmentaland health dose

assessmentsare reviewed according to the requirement[siof HEDOP." To

provide the reviews in a timely manner, the Panel has designated several

Hanford contractor staff to serve as "official reviewers" of applicable

environmental and health dose assessmentsdeveloped at Hanford. The

designated reviewers have a broad spectrum of expertise and some also serve as

members of HEDOP. The current list of the HEDOP-ApprovedReviewers is

presented in Appendix C.I. The policies and procedures for obtaining a HEDOP

review are presented in Appendix D.

2.6 HEDOP-APPROVEDCODES

The recommendedmethods and parameters for evaluating radiation doses .

are described in the following sections of this document. Many oF these

methods may also be used to evaluate potential risks from other types of
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hazardous materials as appropriate. The methods and parameters used for

radiation dose assessmentsare also included in a set of computer codes that

have been approved by HEDOP. The codes are maintained by PNL's Environmental

Dosimetry Coordination Project.

A pulicy for evaluating and approvingcomputer codes for various types

of assessments has been implementedby the Panel to facilitate the HEDOP-

mandated review of routine calculations (see Appendix E). Evaluation of the

codes involve investigating its quality, technical adequacy, and intended

purpose along with identifyingany limitationsthat may apply to its use at

Hanford. The HEDOP approval process is not intended to restrict the methods

used for environmentaland health dose assessments,but to provide guidelines

and informationas an aid in maintainingconsistency across the Hanford Site.

Alternative methods _ay be used where they are specified by a client or by

regulatory agencies,or where it can be demonstratedthat they are more

technically appropriatefor the particular application than the HEDOP-

recon_ _ded method.

Tc_ecodes approved for various types of calculationsare described in

A_,pendixF. Contact the ExecutiveSecretary of HEDOP for informationon how

to gain access to the HEDOPoapprovedcodes. The name, address, and phone

number of the current Executive Secretary are provided in Appendix C.2.
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3.0 ENVIRONMENTALDOSE CALCULATIONMETHODS

To evaluate the potential impacts of any hazardous material in the

environmenton humans or other biota, it is necessary to obtain quantitative

informationabout the material's routes of exposure to the receptor via a!l

the significantpathways shown in Figure 3.1. To project any potential

impacts, it is also necessary to know what potential effects the exposure

might have on the receptor.

Atmospheric
Release

Inhalation

Deposition Wildlife
Liquid Release to to Ground Resuspension Ingestion

" Water and Ground and Inhalation

":::"i._"ii:,i "

_ I _ "'"'" A_u;ti:tF°°d _ _._ People

,

Ingestion __

-- _
S9203058.131

Figure 3.1. Primary Exposure Pathways at Hanford
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Ideally, the environmentallevels of a hazardousmaterial would be

measured at the location of interest. The subsequent potential impacts to an

individualat that location would then be predicted based on accurate

informationas to how the material behaves biologicallyand how organisms are

expected to respond to given exposure levels. However, in most instances it

is impossibleor impracticalto obtain accurate estimatesof the actual

environmentallevels of the hazardousmaterial at the receptor location.

Therefore, simulationmodels are used to depict the environmental and

biological behavior of hazardousmaterials to project potential biological

effects at the receptor location. The mathematicalmodels are usually based

on the best available informationabout representativebehavior of natural as

well as hazardous materials in the environment and in the biological systems

with which they interact. The accuracy of such estimates depends on the

validity of the models themselves and on the accuracy with which important

input parameters required for the models are known. Each step in obtaining or

estimating the required informationis associated with substantial

uncertaintiesdue to the inherent natural variability in biological and

environmentalsystems and to limitationsin the analyticalmethods used.

The first step in assessing the potential impacts of hazardous material

in the environmentto an individualinvolves establishinga scenario that

describes the circumstancesunder which the material enters the environment

and is transportedto the receptor location. The scenariomay further

describe several pathways by which an individual receptor is exposed, lt

provides the bases for estimating the probable consequencesof that exposure

in terms of health risk. At the Hanford Site, the most common routes by which

hazardous materials enter the environmentare via releases to the atmosphere,

to surface water (such as the Columbia River), and by ground disposal (e.g.,

discharge to underground leach fields and surface-waterimpoundmentsand solid

waste burial).

As noted by Soldat (1989), in the past the annual projected potential

radiationdoses received by people exposed to radionuclidesfrom liquid

releases at Hanford during some years were smaller and, during other years,

larger than the potential doses resulting from airborne emissions. The shifts

in the relative importancebetween the liquid and the airborne pathways were
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primarily caused by the types of operations in place on the Hanford Site

during the year that the potential doses were calculated. Therefore, it is

important al___!potentialroutes of exposure be considered when evaluating

environmental releases.

The rates at which release, transport, and exposure take place also play

a significant role in determining the potential impacts of any hazardous

material in the environment. Releases may generally be described as acute

(i.e., occurring over a relatively short time) or chronic (i.e., continuing at

a fairly constant rate for a long period of time).

For most acute release situations,the receptor is typically exposed to

a short-term increase in environmentallevels of the hazardousmaterial. The

rate at which the environmentallevels return to pre-release amounts is

governed by the physical, chemical, and environmentalcharacteristicsof the

material. In chronic release situations,the release is basically continuous

and the environmentallevels of the material normally increase to an

equilibrium level (i.e., the loss rate from a particular compartment,such as

by physical decay, chemical degradation,or transfer to other compartments, is

equal to the input rate into the compartment).

In some cases (e.g., undergroundwaste burial), the actual release to

the near-field environmentmay take place over a relatively short period of

time, while the actual time between release of the material and transport to

the receptor may be years or even centuries. Environmentaltransport

mechanisms will actually determine the time period and rate at which the

material eventually reaches the receptor. The eventual exposure to the

receptor may actually approximatea chronic exposure situation even though it

was originally an acute environmentalrelease.

As part of this document, HEDOP is providing informationon currently

acceptable models and associated computer codes for evaluating the potential

impacts of radionuclidesand other hazardous materials. The values of the

models' input parameters applicable to the Hanford Site are presented in

Appendix J. As the models and/or the input parameters are updated, revised

sections and appendixeswill be provided to registered recipients of this

document.
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3.1 ATMOSPHERIC RELEASES

Radioactive and other hazardousmaterials may be released to the

atmosphere from stacks and/or vents of buildings and other structures on the

Hanford Site. Airborne material can also arise from more diffuse sources,

such as evaporation from ponds or spills, by resuspensionof particulate

materials from contaminatedequipmentor soil surfaces, and fugitive releases

from openings in buildingsor other structures. After a substance enters the

atmosphere, it is dispersed by wind and diffusion. The quantity of material

reaching a particular downwind location depends on the magnitude of forces

that act to disperse it as well as mechanisms that tend to remove material

from the plume. The potential impacts of an atmosphericrelease depend not

only on the amount of material transported to the receptor's location, but on

the extent of the individual'sexposure to the material.

3.1.1 Atmospheric Transport

Dispersion of airborne materials is controlled by factors that generally

promote mixing in the atmosphere,such as wind and thermal effects. The

concentrationof material in air downwind from a point source is a combined

function of the effective release height, distance from the source, and

atmosphericconditions during and after the release. Effective release height

includes the physical height of the stack or building from which the release

occurs and other forces that may cause the plume to rise or fall after leaving

the release point. These forces includethermal effects (e.g., buoyancy of an

air stream with a higher temperaturethan that of the surrounding environment)

and momentum effects for effluentsthat leave the stack at high velocity. The

proximity of the release point to large structuresmay also affect dispersion

of the plume by causing it to disperse move rapidly (i.e., building wake

effect) or by temporarily pulling it downward (i.e., building downwash).

Atmospheric conditions affect dispersion in a number of ways, and the

cumulative effect of a given set of conditions is most commonly estimated

using a straight-lineGaussian plume model (Gifford 1968; USNRC 1977). In

this model, wind speed and atmosphericstability generally control mixing in

the horizontal plane. Mixing in the vertical direction is also a function of

atmospheric stability. Input to the plume model consists of the effective
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release height, distance from source to receptor, and meteorologicaldata that

provide informationon wind speed, direction, and atmospheric stability.

Building wake effects are generally only considered for acute releases and

depend on the release height relative to the dimensions of nearby structures.

Downwash is either generally neglected for most environmentalcalculationsof

interestor is accounted for by modeling the release as if it occurred at

ground level.

lt should be noted that the Gaussian plume model is valid under limited

conditions, lt should not be used for receptorsthat are very near (i.e.,

<100 m) or distant (i.e., >80 km) from the source, lt also should not be used

where complex terrain invalidates the assumptions inherent to the straight-

line model. The model also assumes that the release rate is constant and,

therefore, should not be used where the release rate varies markedly over

time.

The Gaussian plume model is used to calculate a quantity that represents

the normalized concentrationof material in air at the chosen location. The

quantity is referred to as the atmosphericdispersion factor (i.e.,_/Q' for

chronic and E/Q for acute release situations)and has units of sec m-3. These

quantities can be used to calculate the exposure from material in air at a

specified location given quantitative informationabout the release of the

material at the emission source. Examples of chronic and acute release

calculationsare presented below"

• Chronic atmospheric releases -- Multiplying-_/Q'(i.e., sec m-3)
for a particular receptor location times a given release rate of a
radionuclideto the atmosphere (i.e., Bq sec"I)provides an
estimate of the average concentrationof the radionuclide in air
(i.e., Bq m-3) at the receptor location.

• Acute atmospheric releases -- Multiplying E/Q (i.e., sec m-3) for a
particular receptor location times a given total amount of a
radionuclidereleased to the atmosphere over the release period
(i.e., Bq) provides an estimate of the time-integrated
concentrationof the radionuclide (i.e.. Bq sec m-3)at the
receptor location.

These qualities can then be multiplied times such parameters as the breathing

rate (i.e., m3 sec-I)or deposition velocity (i.e., m sec-I)to develop

estimates of the quantity of the radionuclidethat was inhaled (i.e., Bq) or
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deposited on the surface of vegetation,ground, or other applicable objects

(i.e., Bq m2).

The atmosphericdispersion factors can be calculated based on the

average value of the normalized concentrationsof material over an entire

directional sector or, alternately,at the centerline of the plume.

Centerline averages are generally used to develop E/Q values for acute

individual and population exposures. Sector-averagedvalues are used to

develop_/Q' values for chronic exposures to individualsand to the

popuIation.

The meteorologicaldata set (i.e., the joint frequency distribution)

generally describes the frequency with which hourly observationsof wind

direction, wind speed, and atmospheric stability fall into one of a discrete

set of categories. Wind direction consists of 16 compass sectors (i.e., N,

NNE, NE, etc.). Wind speed are generally divided into several ranges, using

the midpoint of each range as the representativewind speed for all

observationswithin that range. Atmospheric stabilitymay be determined in a

variety of ways and is generally categorized into one of 6 or 7 classes.

In addition to atmosphericdispersion, a number of other forces act to

control the concentrationof material in the plume as it moves away from the

release point. For emissions in particulate form, gravitational forces cause

larger particles to deposit on the ground. Smaller airborne particles are

also interceptedby vegetation and other obstacles in their path. Gaseous

materials may react with other compounds in the atmosphere or on the ground

surface. Radioactivematerials undergo physical decay, which effectively

removes them from the plume. However, radioactivedecay products of the

parent radionuclidesmay also build up in the plume. The levels of particular

radionuclides in the plume depend on their physical half-lives and the transit

time between the release point and receptor. All of these may be important

factors that should be considered in estimating the ultimate concentrationsof

material in the plume at the receptor location.

Additional informationon meteorologicaldata collection and atmospheric

dispersion modeling at Hanford is contained in Appendixes H.I and H.2.

I!
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3.1.2 Retrospective and ProspectiveAnalyses of Chronic and Acute Releases

The type of meteorologicaldata used for a given analysis depends on the

conditions under which the release and exposure occur.

3.1.2.1 Chronic AtmosphericReleases

For retrospectiveevaluationsof chronic releases, averaged data for the

period of interest (e.g., a calendar year) are generally used. Prospective

estimates for chronic emission sources, such as those used in permitting and

environmental impact analyses, utilize historicaldata averaged over a longer

period--ideally severalyears.

3.1.2.2 Acute Atmospheric Releases

For retrospectiveevaluationsof acute releases, using the

meteorologicalconditions existing at and after the time of the release is

most appropriate. For prospectiveanalyses, because there is no way to

predict conditions under which a future accidental release may take place, a

conservativeestimate is usually made based on "worst case" conditions with a

preselectedprobability of occurrence. For such a scenario,multi-year

historical data are used to predict the frequency of E/Q estimates for each

possible set of atmosphericconditions;the results are ordered; and the

estimate for the desired cumulative frequencyof occurrence is used in the

analysis. The probability level used for this type of evaluation varies with

its intended application. However, typical choices representworst-case

atmosphericconditions that would be exceeded no more than 50%, 25%, 10%, 5%,

or 0.5% of the time. Additional informationabout applicationsof the model

for specific situations is presented in Appendix H.2.

3.1.3 Exposure pathways for Atmospheric Releases

After the quantity of a substance reaching the receptor has been

estimated, the receptor's potential exposure is evaluated for all applicable

atmospheric pathways. Pathways typically applied to atmospheric emissions of

radioactivematerials are

• external exposure to material deposited on the ground

• external exposure from submersion in the plume
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• internal exposure by inhalation

• internal exposure from ingestion of contaminated food products

• direct uptake through the skin is considered for specific
substances, notably tritium in water vapor.

Dependingon the circumstances of each case, someor all of these pathwaysmay

need to be cons;dered whenestimating the total potential dose that could

result from an atmospheric release. For nonradioactive substances the

external exposure pathways generally do not apply, and typically only
inhalation and ingestion are considered.

The magnitude of external exposure to radionuclides that emit

penetrating radiation is a combinedfunction of the quantity and geometry of

the source, the receptor location relative to the source, and the nature of

any shielding material between the source and receptor. For radionuclides

deposited on the ground following an atmospheric release, the source is

generally considered to be an infinite plane. The resulting exposure rates

may be modified to account for the amountof time spent in the contaminated

area, for the shielding effects of buildings and other structures, and for the

roughnessof the ground surface.

The exposure geometry for radionuclides suspendedin the plume is

determined by the size and height of the plume at the receptor location. For

a receptor sufficiently distant from the source, the plume can be modeled as a

semi-infinite cloud surrounding the receptor. If the plume is partially or

entirely above the receptor, or if the size of the plume is small relative to

the range of the radiation in question, a finite plumemodel is neededto

characterize the specific geometry at the point of interest. Dependingon the

atmospheric stability, at typical release heights such conditions occur when

the receptor is relatively close to the source (i.e., usually within a few

hundred to a thousand meters). Residence time in the plumemodifies the

potential dose from this pathway.

Inhalation exposure is a function of the quantity of material taken in

via breathing and, therefore, dependson the breathing rate of the exposed
individual and the duration of exposure to contaminated air. For chronic

exposures, the breathing rate is averaged over 24 hours to include both
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sleeping and active periods. Acute exposures are assumed to occur during a

time when the receptor is active, and, therefore, a higher than average

breathing rate is used to estimate intake. When appropriate,age- and gender-

specific breathing rates may also be applied to determine exposure for

particular demographic groups. Default breathing rates used to determine the

potential impacts of chronic and acute releases at Hanford are listed in

Appendix J. They are based on values published by the International

Commission on RadiologicalProtection in its PublicationNo. 23 (ICRP 1975).

Estimating intake via ingestion is more complex than for other pathways

because it requires knowledge about the transportmechanisms for specific

substances through the several food chains that may lead to the ultimate

receptor(s). Following an atmosphericrelease, food products can be

contaminated by direct deposition onto vegetative surfaces and by root uptake

from contaminated soil. The extent of contaminationdepends on the chemical,

physical, and biological properties of the material deposited and the type of

vegetation involved. The vegetation can subsequentlybe consumed by animals

whose flesh or other products are used as food by humans or other omnivores

and carnivores. Therefore, the rate at which radioactive or other hazardous

materials are incorporatedinto these products must also be determined.

Consumption rates for particular foodstuffsmay also vary greatly with

geographic region and the demographiccharacteristicsof the individual or

population under consideration. Default assumptions for the ingestion

pathways at Hanford are listed in Appendix J.

For chronic releases, an equilibrium-statesituation is normally assumed

to exist. The concentrationsof depositedmaterials in the environment and in

food products are assumed to increase and eventually reach a constant level.

That is, the loss or removal rates of material in and/or on the various

environmentaland biological components are assumed to equal the rates of

input of additional material into those components.

For acute releases, the potentialdoses that could result via the

ingestionpathway depend heavily on the time of year during which the release

takes place. In general, maximum radionuclideintake results from a release

that takes place immediatelyprior to harvest (i.e., in late summer or fall),

whereas minimal radionuclideintake results from a release during the winter.

i ""'i , ,,,, f, J,, i -- '' '' " ' Ii
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The ingestionpathwayis oftenomittedfromconsiderationif the affectedfood

supplyis quarantinedfollowingan acutereleaseor if the receptoris

temporarilylocatedwhereno food is produced(e.g.,on the HanfordSite or an

adjacenthighway). However,the magnitudeof the potentialdose resulting

from the ingestionpathwayshouldhelp determineif interdiction(i.e.,

removalof the affectedfood productsfrom the market)is required.

3.1.4 _ollectlveOo_esfrom Atmosoherl_Release_

Collectivedosesare generallycalculatedfor populationswithin80 km

(SOmi) of an emissionsourcebecausethis is the maximumpracticalapplicable

limitof the Gaussianplumemodelused to estimatedispersion. Becauseit is

impracticalto estimatean individualdose for each personin a large

population,the areawithinan 80-kmdistancefromthe sourceis partitioned

intoa circulargrid consistingof 16 compassdirectionsand a numberof

radialdistances. The dispersionestimatesfor a locationat the centerof

each sectorare then appliedto the entirepopulationwithinthat sectorto

obtaina population-weightedatmosphericdispersionfactorestimate. For a

chronicreleasethe weightedestimatesare summedover all ]6 compass

directions,whereasan acutereleaseis only assumedto affectthe sectorsin

a singledirection.

The directionfor a hypotheticalacutereleasein a prospectiveanalysis

is determinedfor the sectorhavingthe greatestpopulation-weightedE/Q

estimatebasedon long-termjointfrequencydata. A retrospectiveanalysis

shouldbe performedusingmeteorologicaldata from the periodover whichthe

releaseactuallyoccurredand the dose calculatedfor the downwinddirection

only. The most recentestimatesof the populationwithin80 km of the major

Hanfordoperatingareasare providedin AppendixG.2.

3.1.5 References
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3.2 LIQUID R{LEASES TO SURFACE AND GROUND WATER

At the Hanford Site, radionuclidesand other hazardous materials may

enter surfacewater, primarily the ColurabiaRiver, by a number of routes.

Liquid effluent streams may be released directly to the river from facilities

or waste-disposalstructures. In the past, liquid wastes have also been

released to surface ponds and to the soil column via cribs a_d trenches.

Depending on their proximity to the river, liquid wastes disposed to the

ground may then seep directly into the river or percolatedownward into

underground aquifers and subsequentlymake their way to the river. Although

ground disposal of liquids has largely been discontinued,plumes of waste

materials from past operations continue to reach the river via ground water

(Woodruffand Hanf 1992).

Solid wastes have also been buried on the Site. Even though recharge of

water from precipitationto ground water may occur at a very low rate due to

the low precipitationrate at Hanford (i.e., approximately 16 cm yr-I as noted

in Appendix G.I), over long time periods radionuclidesand other hazardous

materials can be leached from the buried waste, percolated downward into

undergroundaquifers, and eventually reach the river.

3.2.1 Surface-WaterTransport

Various surface-watertransportmodels are available to describe common

release and exposure scenarios. The models currently in use at Hanford are

those recommended by the U.S. Nuclear Regulatory Commission (Strenge et al.

1986). The downstream concentrationsof radionuclides in the river water are

corrected for radioactivedecay and are estimated by using a simple mixing

ratio model. That is, releases to the Columbia River are considered to be

fully mixed in the water volume prior to reaching the downstream withdrawal

points. For prospective evaluations,the model uses the annual average river

flow rate for chronic releases and the average minimum flow rate for acute

releases. Measured river flow rates for the period nf interest should be used

as available for retrospectivecalculations. More sophisticatedmodels are

required for circumstances in which the effluents are not completely _ixed

with the river volume or for other types of water bodies, such as waste ponds.

Use of these models requires some knowledgeof release conditions and the
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phy._icaland chemical charact,.-risticsof the water body receiving the

effl_ents.

3.2.2 Ground-WaterTransport

Determination of the fate of radioactiveand other hazardous materials

during transport through soiI to ground water and subsequentlyto receptors is

a complex task. The rate of transportdepends on the

• physical form of the disposed material (e.g., liquids or solids)

• chemical characteristicsof the disposed material

• volume and influx rate of water (e.g., discharge of uncontaminated
water to the gr_::ndand recharge from precipitation)_.ndother
liquids (e.g., the disposed material itself)

• depth to ground water

• physical and chemical characteristicsof the interveningsoil
layers

• flow rate of the ground water.

The potential for individualsto be exposed to contaminatedground water is

highly site-specific. Exposure may be via water usage from domestic wells

drilled into underground aquifers or by the ultimate flow of ground water back

to surface waters.

Simulation ef contaminanttransport in the subsurface environment

generally _=,luiresthe use of specializedhydrologicalmodels to predict

contaminarltlevels at various points in an aquifer system. The models can be

combined with assumptionsabout water use and consumption patterns to estimate

potential doses resulting from a particulardisposal practice. The time

periods required for contaminantsto migrate from the disposal point to the

receptor are often sufficientlylong so that the maximum potentialdoses may

not occur for hundreds or eve,1thousands of years after the initial disposal

or release to the subsurface environment.

3.2.3 ExDosure Pathways for Liquid Releases

Exposures from liquid releases can occur via external and internal

pathways. Radionuclides in a surface-waterbody or those deposited on the

shoreline may result in direct external exposure via swimming, boating, and
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other recreationalactivities in the vicinity of the beach. Use of the water

O for irrigation can contribute to external exposure from the contaminated
material that is deposited onto the soil during irrigation. Buildup of

contaminantson the soil depends on the applicationrate of the water and

duration of the annual irrigation season.

Internal exposure pathways include direct consumption of contaminated

water and foodstuffs prepared with contaminatedwater. Corrections for

radioactivedecay and removal of contaminantsby water treatment facilities

should be considered where applicable. When contaminatedwater is used for

irrigation,exposuresmay also result from inhalationof resuspended

contaminatedsoil or from consumptionof contaminatedfood products grown in

the soil. Animal food products may also become contaminatedas a result of

the animals consuming contaminatedfeed and water. Aquatic organisms

accumulate radionuclidesdirectly from contaminatedwater and from their food

sources and, therefore, should be considered as possible routes of exposure.

The projected levels of radionuclidesin terrestrialvegetation and

animals.,as well as aquatic and marine organisms and plants, are estimated by

using experimentallydetermined concentrationratio (CR) values or

bioaccumulationfactors. The CR values normally relate the concentrationof a

radionuclideor other hazardousmaterial in edible tissues to the

concentration in soil or water (e.g., Bq BOSrkg-I vegetative tissue divided by

Bq 9°Sr kg-I soil; Bq 137Cs kg-I edible fish tissue divided by Bq 137Cs L-I

water). These CR values depend on a variety of parameters, such as the

chemical characteristicsof the material, soil, and aquatic environments,and

the species of the plants or animals accumulatingthe contaminant.

3.2.4 Collective Doses from Liquid Releases

Potentialdoses to an individualresulting from liquid effluents are

estimated using appropriateconsumption and occupancy factors for all

applicable exposure pathways. Populationdoses are estimated consideringonly

the population exposed via a particular pathway. For Hanford releases to the

Columbia River, the fraction of the total populationexposed via a particular

pathway differs according to the ways in which the river is used. The
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assumptionsconcerning these pathways are listed in Appendix I. The rationale

for restrictingcertain pathways to specific populations is Dresented below:

• River Recreation -- External exposure to populationsvia external
recreationalactivities such as boating, swimming,and other
shoreline activities is conservativelyestimated to occur in one-
third of the total populationwithin 80-km of the Hanford Site.

• Fish Consumption -- The population exposure resulting from fish
consumption is based on a total estimated catch of sport fish from
the Columbia River without referenceto the number of people
projected to actually consume the fish.

• Drinkinq Water -- The major portion of the population of Pasco,
Kennewick, and Richland obtain their drinking water from the
Columbia River. Factors that account for reduction in the levels
of radionuclides in the sanitarywater by holdup and treatment in
the water systems are generally included in dose calculationsfor
this population. There are also other sources of drinking water
in the Tri-Cities area. For example, many local communities
depend on domestic or communitywater wells.

• IrriqationWater -o Water is withdrawn from the Columbia River for
relatively small farming operationswithin the Hanford reach at
the Ringold and Taylor Flats areas and below Hanford, such as the
Riverview area west of Pasco in Franklin County. However, the
majority of irrigationwater for the Columbia Basin is obtained
from the Columbia River upstream from the Hanford Site (i.e., from
Lake Roosevelt, which is the impoundment behind Grand Coulee Dam).
Irrigationand drinking water withdrawn from the Columbia River
below the Tri-Cities is generally not considered for radiological
dose calculationsbecause of substantialdilution by inflow from
the Yakima and Snake Rivers at the Tri-Cities, and by numerous
other sources further downstream from Hanford.

3.2.5 References
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3.3 TYPES OF ENVIRONMENTALRADIATION DOSE ESTIMATES

The term, "dose" (i.e., radiationdose) can have several meanings. The

basic term, "absorbeddose," is defined as

the amount of energy deposited by ionizing radiation in a given
amount of material (e.g., tissue, organ, whole body, metal,
concrete), lt is expressed in SI units of gray (Gy), or in rad
(I rad = 0.01 Gy), as a total dose over a specified time period
(D) or as a function of time (Dt).

Humans and other biota can receive doses of radiation as a result of exposure

to external sources of radiation and/or from internally deposited

radionuclides.

3.3.1 Dose Equivalent

External doses usually result from penetratingradiation emitted by

sources outside the body. The distributionof the deposited energy is usually

relatively uniform over the entire body. However, internally deposited

radionuclides,particularlythose that emit beta or alpha particles, may

produce a markedly nonuniform pattern of energy deposition in biological

tissues. The dose delivered to an organ or tissue from internally deposited

radionuclides is a function of the route of administration,the physical

properties of the radiation, and the metabolic characteristicsof the

substance inhaled or ingested. The relative effectivenessof the various

types of radiations in producing biologic&l damage depends on the

radiosensitivityof the target organ and the energy-depositionpatterns within

the tissue of the organ. The term, "dose equivalent," is used to compare the

relative biological effectivenessof different kinds of radiationon a

particular tissue, organ, or the whole body. "Dose equivalent" (H or Ht) is
defined as

the product of the absorbed dose (D or Dt), the quality factor,
and any other modifying factors, lt is expressed in SI units of
sievert (Sv), or in rem (I rem = 0.01 Sv), as a total dose
equivalent over a specified time period (H) or as a function of
time (Ht).

"Quality factor" (Q) is defined as

a numerical value for normalizing the absorbed dose produced by a
given type of radiation accordingto the biological effectiveness
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of the radiation, lt is based primarily on the linear energy
transfer values for the radiation in question. The values of Q,
as recommended by the InternationalCommission on Radiological
Protection (ICRP 1984), are given in Table 3.3.1.

3.3.2 Committed Dose

The dose from an external exposure continues only as long as the source

is present, whereas internallydeposited radionuclidescontinue to expose the

tissue in which they were deposited for some time after the initial intake.

The total dose delivered to a given tissue following a single, or relatively

short-term, intake of a radionuclidecan be calculated for the entire lifetime

of the individual or for some shorter period of time. This calculated

internal dose is referred to as the "committed dose" and is defined as

the predicted total internaldose to a tissue or organ over a
specified time period (e.g., 50 years) following the intake of a
radionuclide(s)into the body. lt does not include contributions
from external dose. lt is expressed in SI units of gray (Gy) or
in rad (I rad = 0.01 Gy).

3.3.3 Committed Dose Equivalent

The total "dose equivalent" delivered to a given tissue following a

single intake of a radionuclidecan also be projected for the entire lifetime

of the individual or for some shorter period of time. The committed dose

equivalent is defined as

the predicted total internal dose equivalent to a tissue or organ
over a specified time period (e.g., 50 years) following the intake
of a radionuclide(s)into the body. lt does not include
contributions from external dose. lt is expressed in Sl units of
sievert (Sv) or in rem (I rem = 0.01 Sv).

TABLE 3.3.1. Quality Factors (Q) from ICRP Publication42 (ICRP 1984)

Radiation Type __Q_

Photons, negatrons, and positrons ...... I

Neutrons, protons, and singularly-charged
particles of unknown energy with rest
mass >I amu .................. i0

Alpha particles and multi-chargedparticles of
unknown energy ................ 20
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3.3.4 Effective Dose Equivalent

To put external and internalradiation exposure on a comparable basis,

the InternationalCommission on RadiologicalProtection in its Publication 26

(ICRP 1977) recommended the use of a quantity known as the "effective dose

equivalent" (EDE). The "effectivedose equivalent" is defined as

an estimate of the total risk of potential health effects from
radiationexposure to individualtissues or organs relative to the
risk from irradiationof the whole body. According to DOE report
EH-O071 (USDOE Ig88b), it is the summationof the products of the

"dose equivalent (Ht)" received by specified tissues of the body
and a tissue-speciflc"weighting factor (wT)." lt includes the
committed effective dose equivalent (Hso)from radionuclidesthat
were deposited internallyduring the year of exposure _ the
dose equivalent (H) due to penetrating radiation from sources
external to the body during the year of exposure, lt is expressed
in SI units of sievert (Sv) or in rem (I rem = 0.01 Sv).

This quantity is the sum of the external dose to the body during one year plus

the sum of the weighted projecteddoses to specific organs from radionuclides

that were deposited in the body during the one-year exposure period. Each

organ dose is weighted accordingto the relative risk of radiation-induced

health effects in that particular organ (ICRP 1977, USDOE 1988b, USEPA 1988).

The weighting factors are presented in Table 3.3.2. The projected weighted

organ doses are summed over a specifiedcommitment period (most commonly

Table 3.3.2. Weighting Factors (WT) AS Taken from ICRP Publication42
(ICRP 1984)

Organ or Tissue _.wwT_

Gonads 0.25
Breast 0.15
Red bone marrow 0.12
Lung 0.12
Thyroid 0.03
Bone surfaces 0.03
Remainder(I) 0.30

(i) The "remainder"category consists of the S "other" organs with the
highest dose. The "other" organs include the liver, kidney, spleen,
thymus, adrenal glands, pancreas, stomach, small intestine, and upper
and lower large intestine. (The skin, lens of the eye, and extremities
are not included.) The weighting factor for each "other" organ is 0.06.
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50 years), and the entire dose is assigned to the period during which the

exposure took place.

The concept of EDE has been adopted for public and environmental

protection purposes by the U.S. Department of Energy (USDOE 1990). Internal

dose factors that relate EDE to given quantities of inhaled and ingested

radionuclides have been published by USDOE (1988b) and the U.S. Environmental

Protection Agency (USEPA 1988).

3.3.5 Other Tvpes of Dose Estimates

In assessing radionuclide intakesand exposure to external radiation,

the exposure period for chronic emissions is generally defined on an annual

basis for regulatory purposes, lt may also be evaluated for the entire life

of a facility. In evaluations of existing facilities,the external exposure

due to environmentalbuild-up from past emissions may also be included in the

dose calculation. The exposure period For an acute release is assumed to be

the entire duration of the release unless evacuation or other protective

measures are being considered. Radionuclide-specificdose conversion factors

for external exposure have also been published by USDOE (1988a)and USEPA

(1988).

A quantity generally referred to as "cumulativedose" is also sometimes

used in prospectiveevaluations to account for continuing exposure to residual

long-lived radionuclidesthat accumulate in the environment as the result of

chronic emission sources. Cumulativedose includes future doses that are

projected to occur as a result of external exposure to, and ingestionand/or

inhalation of, residual radionuclidesthat were deposited in the environment

during previous years plus the dose that is projected to occur from the

radionuclidesemitted during the year being evaluated, lt is generally

evaluated for a 50- or 70-year period.

In addition to the EDE, other methods of computing doses are sometimes

used for specializedpurposes. Annual doses from both external exposure and

internally deposited radionuclidesare sometimesestimated to reflect the

actual dose received during a calendar year from all applicable pathways. In

this case, the internal dose is assigned to the years in which it will

actually occur, rather than to the year of intake.
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3.3.6 References

InternationalCommission on RadiologicalProtection (ICRP). 1977. "ICRP
Publication 26, Recommendationsof the InternationalCommission on
Radiological Protection." Annals of the ICRP, Vol. I, No. 3, Pergamon Press,
New York.

InternationalCommission on RadiologicalProtection (ICRP). 1984. "ICRP
Publication42, A Compilation of the Major Concepts and Quantities in use by
ICRP." Annals of the ICRP, Vol. 14, No. 4, Pergamon Press, New York.

U.S. Department of Energy (USDOE). 1988a. External Dose-Rate Conversion
Factors for Calculationof Dose to the Public. DOE/EH-O070,DOE Assistant
Secretary for Environment,Safety and Health, Washington, D.C.

U.S. Department of Energy (USDOE). 1988b. Internal Dose Conversion Factors
for Calculationof Dose to the Public. DOE/EH-O071,DOE Assistant Secretary
for Environment,Safety and Health, Washington,D.C.

U.S. Department of Energy (USDOE). 1990. Radiation Protection of the Public
and the Environment. DOE Order 5400.5, DOE Assistant Secretary for
Environment,Safety and Health, Washington, D.C.

U.S. EnvironmentalProtection Agency (USEPA). 1988. Limitinq Values of
Radionuclide Intake and Air Concentrationand Dose Conversion Factors for
Inhalation,Submersion,and Inqestion. FederalGuidance Report No. 11.
EPA/520/I-88-020,EPA Office of Radiation Programs,Washington, D.C.

Report: RECONNENDEDENVIRONNENTALDOSE CALCULATIONNETHODSAND FL_NFORD-SPECIFICPARAMETERS (PNL-3777Rev 2) g
Section: 3.3 TYPESOF ENVIRONNENTALRADIATIONDOSEESTIMATES
Section 3.3 Revision Number: 0 [HEDOP\PNL-3777.RV2\33-TERDE.933] Section 3.3 Rev 0
Revision Date: Narch 1993 Page 5 of 6



THIS PAGE BLANKINTENTIONALLY

Report: RECOMNENIpEDENVIRONNENTAI,DO_;[CAL_UI,AT_.ONHETHOD_ ANl)HANFORD-SPI_CIFICPARAMETERS(PNL-3717Rev 2)
Sectlon: 3.3 TYPES,OF{NVIRONHENTAI_RADIATIONDOSEESTIHATI_S
Sectton 3.3 Revtston Number: 0 [HEDOP\PNL-3777.RV2\33-TERDE.933] Section 3.3 Rev 0
Revision Date: I_rch 1993 Page 6 of 6



3.4 RECEPTOR LOCATIONS FOR ENVIRONMENTALRELEASES

Models for plume dispersion and depletion and ground- and surface-water

transport are combined with estimated release rates to predict the

concentrationof a given material in the environmentalmedia at the location

of a receptor or other point of interest. For most regulatory purposes, it is

necessary to determine the location of the maximally exposed individual (MEI)

for an actual or potential source of environmental release. In other

instances it is desirable to estimate potential collective doses to an entire

exposed population. In these instances,the environmental levels are

generally calculated for a grid surroundingthe source, and the result for

each location is applied to the population living in that region.

The MEI is generally defined as a hypotheticalperson whose location and

lifestyle result in maximum exposure from all credible pathways. This

individual is typically a resident just outside the boundary of the Hanford

Site whose food is produced at that location. However, for some applications,

such as for certain regulatory compliance reports, locations such as

businesses and schools should also be considered. In most instances, the

location of this individual is determined by comparing the predicted

concentrationsof radionuclidesor other hazardous materials in air for all 16

compass directions at the nearest receptor in each direction. The location

may vary depending on the meteorologicalconditions and resulting atmospheric

dispersion characteristicsduring the period being evaluated. In addition,

exposure via ground- and surface-waterroutes must also be considered.

3.4.1 Chronic Releases

With the exception of U.S. EnvironmentalProtectionAgency (USEPA)-

mandated dose assessments,for prospectiveevaluations of an atmospheric

release, the receptor in all sectors should be located at the Site boundary

using long-term average meteorologicaldata. However, USEPA-mandateddose

assessmentsmust identify the location(s)that represents the highest

effective dose equivalent to any member of the public at any offsite point

where a residence, school, business,or office exists and must be performed

using USEPA-mandatedcodes.
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Retrospectiveanalyses should use actual receptors in the appropriate

sector and joint frequency data for the period being evaluated if that

information is available. This is true for USEPA-mandateddose assessments,

which presently only address atmosphericreleases, as well as for other types

of evaluations. When considering multiple sources, such as for all the

operational areas at Hanford, calculationsfor each location must be combined

to produce a composite dose for the MEI. Furthermore,to produce a

representativecomposite of the MEI for the entire Site, other applicable

routes of exposure (e.g., surface and ground water) must also be considered.

3.4.2 A_;uteReleases

The MEI for acute releases is not necessarily in the same location as

those for chronic emissions. Meteorologicaldata for the period of interest

and probabilitylevels appropriate for the purpose of the analysis should be

used for evaluating acute releases of material to the atmosphere. Locations

other than a permanent offsite residence should also be evaluated for short-

term releases. Accessible points on or adjacent to the Hanford Site that

could be occupied by a member of the public during an accident should also be

considered. Examples of these include public highways near or within the Site

boundaries and the Columbia River. The potential exposure to onsite workers

at adjacent facilities is also evaluated for some types of accident analyses.

Because the atmospheric plume disperses vertically and horizontallyafter

leaving an elevated stack, the location of the maximum downwind concentration

at ground level may be some distance from the release point. Therefore, if

the nearest receptor in a given direction is closer than I km from an elevated

release, several distances between the nearest receptor location and I km

should be evaluated to ensure that the point of maximum air concentration has

been identified.

The potential exposure to an individualthat could result from the acute

release of material to surface water must also be evaluated as discussed

previously. Acute releases to the ground water, which normally take a

considerable amount of time to reach the receptor, can usually be disregarded

for near-termMEI-related evaluations. However, such releases should be

considered for long-term performanceassessments.
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3.4.3 Maximally ExPosedIndividual Locations

The locations of the MEI for major operational facilities at Hanford, as

listed in Appendix H.7, were determined for receptors at the boundary of the

Hanford Site using the updated Joint frequency data sets provided in Appendix

H.3.2 and are appropriate for use in prospective estimates for Hanford

facilities at the listed areas. Receptor locations for retrospective

estimates at specific facilities should be determined on a case-by-case basis,

especially for USEPA-mandateddose assessments,using input appropriate to the

facility and time period being considered.
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4.0 HEDOP-APPROVEDENVIRONMENTALAND HEALTH DOSE ASSESSMENT CODES

The current requirementsfor calculating potential radiation doses that

could result from releases of radioactivematerial from U.S. Department of

Energy (DOE) facilities are contained in DOE order 5400.5, "Radiation

Protection of the Public and the Environ_,ent"(USDOE 1990). As part of this

order, DOE has adopted the dosimetry system recommendedby the International

Commission on RadiologicalProtection (ICRP) in its PublicationsNo. 26 (ICRP

1977) and 30 (ICRP IgTga, 1979b, ]980, 1981a, Ig81b, Ig82a, and 1982b). The

ICRP recommendationshave been incorporatedinto updated versions of existing

environmentalpathway analysis models for use on the Hanford Site. Other

governmentalagencies may require the use of other methods for specific dose

calculations.

The codes and methods that have been approved by the Hanford

EnvironmentalDose Overview Panel (HEDOP) for particular applicationson the

Hanford Site are described in the following sections.

Other environmentaltransport and dosimetry models and their associated

computer codes are being considered for use in radiologicaland

nonradiologicalrisk assessments in conjunctionwith the cleanup and/or

closure of hazardous waste sites on the Hanford Site (USDOE 1991). Some of

these codes may be mandated for use at Hanford by the Hanford Federal Facility

Agreement and Consent Order, more commonly known as the "Tri-Party Agreement"

(WashingtonState Department of Ecology 1989). Descriptionsof these and any

other applicable codes will be added to this document if HEDOP reviews and

approves them.
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4.1 THE GENII COMPUTER CODE

An environmentalradiation dosimetry model and associated computer code

were developed at PacificNorthwest Laboratory (PNL) to incorporatethe

internal radiation dosir,letrymodels as recommended by the International

Commission on RadiologicalProtection (ICRP) in its PublicationsNo. 26 (ICRP

j 1977) and 30 (ICRP 1979a, 1979b, 1980, 1981a, 1981b, 1982a, and 1982b). The

resulting code is an extensive update of the environmental pathway analysis

models that were previously used for a number of years at Hanford (i.e.,

DACRIN, PABLM, ARRRG, FOOD, KRONIC, SUBDOSA, and MAXI). The resulting second

generation of environmentaldosimetry computer codes was compiled as the

Hanford EnvironmentalDosimetry System and is known as the GENII code. lt was

documented in three volumes.

• Volume i, Conceptual Representation (Napieret al. 1988a),
describes the theoreticalconsiderationsof the system, including
conceptual diagrams, mathematicalrepresentationof the solutions,
and descriptions of solution techniques,where appropriate.

• Volume 2, Users' Manual (Napieret al. 1988b), provides code
structure, users' instructions,required system configurations,
and topics related to quality assurance.

• Volume 3, Code Maintenance Manual (Napieret al. 1988c), is
intended for the user who requires knowledgeof code detail,
including code logic diagrams, global dictionary, worksheets,
example hand calculations,and listings of the code and its
associated data libraries.

The GENII code is currentlythe primary environmentaldosimetry code

accepted for use at Hanford by the Hanford EnvironmentalDose Overview Panel

(HEDOP). In situationswhere limitationsof the GENII code preclude its use,

other methods and/or computer codes may be used. Calculationsmade with other

methods and/or codes will be reviewed on a case-by-casebasis by HEDOP. The

Panel does not mandate the use of GENII at Hanford; however, using HEDOP-

approved codes usually expeditesthe HEDOP-mandatedreview process.

; The GENII code includes capabilitiesfor calculating radiation doses

that could result from acute or chronic releases, lt has the option to

calculate annual, committed, or cumulative doses. All or any desired

combination of the major exposure pathways can be included in a given

calculation. Routes of external exposure can include
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• water (swimming, boating, and fishing)

• soil (surface and buried sources)

• air (semi-infinitecloud and finite cloud geometries).

Internalexposure routes include inhalationand ingestionof various food

classes. The release scenarios include

• releases to the air from ground level or elevated sources

• releases to surface-waterbodies

• initial contaminationof the soil or other surfaces.

Source terms can be specified to account for radioactivedecay and the buildup

of progeny that occurs between the time of release and actual exposure, or to

consider the total amount or specified fraction of radioactive materials

released at the source. Measured or postulated levels of radionuclides in the

environmentalmedia (e.g., air, soil, water, foodstuffs)may be entered

directly into the code. The code provides for interfacingwith the output

from other types of codes (e.g., atmosphericdispersion, geohydrology, biotic

transport, and surface-watertransport). Receptors are identified by distance

and direction for offsite individualsand populations,and for individuals

intrudinginto contaminated areas onsite.

The GENII code was developed under stringent quality assurance (QA) "

requirementsbased on the American National Standards Institute's (ANSl)

standard,NQA-I (ASME 1986). The NQA-I requirementswere incorporated into

PNL's Quality Assurance Manual, PNL-MA-70 (PNL 1991). All steps of the code

developmentwere documented and tested by extensive hand calculations. Two

separate external peer reviews of the code were conducted and the

recommendationsof the review committees were incorporatedinto the final

product.

Contact the Executive Secretary of HEDOP for informationon how to gain

access to the GENII code. The name, address, and phone number of the current

ExecutiveSecretary are provided in Appendix C.2.
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4.2 EPA-MANDATEDCODES

As part of the December 1989 amendments to the Clean Air Act (40 CFR 61,

1989) for radionuclideemissions from U.S. Department of Energy (DOE)

facilities (i.e., Subpart H), the U.S. EnvironmentalProtection Agency (EPA)

specifies a public dose limit along with the procedures and codes to be used

to demonstrate compliance with the limit. Under this regulation, all DOE

sites with potential radionuclideair emissions are required to submit annual

reports to EPA describing the site's estimated releases for the previous

calendar year and the potentialdoses received by a maximally exposed member

of the public. The regulationsrequire the use of the AIRDOS-EPA model or

some other "approved"method to estimate the potential dose to the receptor.

The CAP-88,AIRDOS-PC, and, for certain situations, the COMPLY codes have been

approved for use by EPA. The CAP-88 and AIRDOS-PC codes are also used to

support permit applicationsfor constructionor modification of Hanford

facilities. Specific features of these codes are described below.

4.2.1 The CAP-88 Code Packaqe

The CAP-88 code package (Beres 1990) contains an updated version of the

AIRDOS-EPA (Moore et al. 1979) code that was developed originally at Oak Ridge

National Laboratory for EPA. The AIRDOS-EPA code was subsequentlycombined

with auxiliary codes to better facilitate the input of parameters. The CAP-88

code implements a steady-stateGaussian plume-type atmosphericdispersion

model (Gifford 1968; USNRC 1977b) to estimate concentrationsof radionuclides

in air. The environmentaltransport models, as described in the U.S. Nuclear

Regulatory Commission'sRegulatory Guide 1.109 (USNRC 1977a), were coupled to

the code package to calculate potentialdoses received by humans.

Radionuclide-specificdata, which generally correspond to the International

Commission on RadiologicalProtection's(ICRP) internal dosimetry models as

recommended in PublicationNo. 30 (ICRP 1979a, 1979b, 1980, 1981a, 1981b,

1982a, and 1982b), are provided with the code package.

The CAP-88 code is limited to performing radiation dose calculations for

chronic air-emissionscenarios, lt provides the most flexibilityof the EPA-

mandated codes in terms of ability to input site-specificdata; however, it is

also the most difficult and expensive of the codes to operate because it

Q
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operates on a mainframe or minicomputer system and uses a FORTRAN NAMELIST

interface.

The CAP-88 code package is currentlymaintained at Pacific Northwest

Laboratory on a mainframe computer system. Contact the ExecutiveSecretary of

HEDOP for informationon how to gain access to the code package. The name,

address, and phone number of the current Executive Secretary are provided in

Appendix C.2.

Another version of the code, designated "CAP88-PC" (Parks 1992),

operates on a personal computer and has an updated user interface that

simplifies operation. However, it has less flexibilityto include site-

specific informationthan does the mainframe version. Even with site-specific

information,other assumptions incorporatedinto the code may result in over-

or under-estimatesof doses under certain conditions. Copies of the CAP88-PC

code may be obtained by direct request to EPA.

4.2.2 The AIRDOS-PC Code

The AIRDOS-PC code (USEPA 1989a) is a simplified version of the CAP-88

package that was modified to operate on a personal computer, lt contains a

user-friendly interface that facilitatesdata entry and requires a minimum

amount of site-specificinput data. The results from AIRDOS-PC are comparable

to those from the CAP-88 code using the default parameters. However, it has

some major limitations,including the following:

• Its radionuclidelibrary consists of less than 20 radionuclides --
compared to several hundred in CAP-88.

• lt lacks the ability to perform collective dose calculations.

• lt lacks flexibility in accepting site-specific information.

The AIRDOS-PC code is available by direct request to EPA.

4.2.3 The COMPLY Code

The COMPLY code (USEPA 198gb) is a four-level screeningmodel. Each

level requires increasinglydetailed site-specific informationand, in turn,

produces more realistic (i.e., usually less conservative)results. The COMPLY

code runs on a personal computer and does not require all of the site-specific

informationthat is necessary to run the CAP-88 code. lt has a large
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radionuclidelibrary (comparableto CAP-88) and can also address situations in

which the receptor is located nearer the site than is appropriatefor the

AIRDOS codes. Depending on the level at which the code is executed and the

amount of site-specificinformation,results from COMPLY are generally more

conservative (i.e., they produce a higher dose estimate) than do those from

the AIRDOS codes. The primary disadvantageof the code at Hanford is that its

use is restricted to sites where the receptor is within 3 km of all release

points. The COMPLY code is availableby direct request to EPA.

4.2.4 References
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4.3 OTHER CODES

In the future, additionalmodels and computer codes will be considered

by the Hanford EnvironmentalDose Overview Panel (HEDOP) for use in

radiologicaland non-radiologicalenvironmentaland health dose assessmentson

the Hanford Site. Some of the models and codes will undoubtedly be used in

conjunctionwith the cleanup and closure of hazardous waste sites at Hanford.

Discussion of applicable models and codes is presented in a U.S. Department of

Energy publicationentitled "Descriptionof Codes and Models to be Used in

Risk Assessments" (USDOE 1991). Any newly HEDOP-approvedcodes will be added

to updated versions of this section and Appendix F of this document.

4.3.1 References

U.S. Department of Energy (USDOE). 1991. Description of Codes and Models to
be Used in Risk Assessment. DOE/RL-91-44,U.S. Department of Energy Richland
Field Office, Richland, Washington.
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5.0 PERSPECT]_VI_ON ENVIRONMENTALDOSES

In many typesof documents,it may be appropriateto includeinformation

that providesperspectiveon the degreeof risk associatedwith releasesof

hazardousmaterialsfrom variousoperations.One commonlyused methodis to

comparethe estimateddose that couldresultfrom a givenoperationto that

receivedby an averagememberof the publicfrom naturalbackgroundand other

anthropogenicsourcesof radiation.The averageradiationexposureto a

memberof the U.S. populationfrom naturaland artificialsourcesas listedin

Table5.1 was takenfrom the NationalCouncilon RadiationProtectionand

Measurements'PublicationNo. 93 (NCRP1987). Theseexposurelevelsare

assumedto be representativeof the populationsurroundingthe HanfordSite.

However,some componentsof the naturalbackgrounddose (radonin particular)

vary substantiallyfrom regionto region.

TABLE5.1. RadiationDosesto an AverageMemberof the U. S. Population
from Naturaland ArtificialSources(fromNCRP 1987)

AnnualEffectiveDose Equivalent(a)
Sources _mSv/vear _mrem/Year

NaturalBackground:
CosmicRadiation 0.3 30.
TerrestrialRadiation 0.3 30.
InternallyDepositedRadionuclides 0.4 40.
InhaledRadonProgeny 2.0 200.

AnthropoqenicSources:
MedicalX-Rays 0.39 39.
NuclearMedicine O.14 14.
ConsumerProducts O.I I0.
Occupational 0.01 1.0
FalIout <0.O01 <0.I
NuclearFuelCycle 0.0004 0.04
MiscelIaneous O.0004 O.04

TOTAL 3.6 360.

(a) Annualeffectivedose equivalent(EDE)includesthe externaldose
receivedduringthe year plus the 50-yearcommitteddose that is
projectedto occuras the resultof any radionuclidesthat were
depositedin the body duringthe year.

]I
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Alternatively,an estimateof risk to an individualor populationfrom a

givenexposuremay be calculatedfor variousadverseconsequencessuch as

cancerinductionor geneticeffects. Theserisksmay be comparedwith the

risksfrom othersourcesin the populationunderconsideration.

5.1 SOURCESOF NATURALBACKGROUNORADIATION

Naturalbackgroundradiationcomesfromfour majorsources

• cosmicradiation(mainlyhigh-energyparticles)

• terrestrialradiationfromnaturallyoccurringradionuclidesin soil

• inhalationof naturallyoccurringairborneradionuclides(largely
progenyof radon)

• naturallyoccurringradionuclidesthat are residentin the body
(primarily_K).

As shownin Table5.1, inhaledradonprogenyaccountfor abouttwo-thirdsof

the totalexposurefrom naturalsources. The remainderis aboutevenly

dividedamongthe othersources.

5.2 ANTHROPOGENICSOURCESOF RADIATION

The most significantexposuresfrom anthropogenicsourcesare from

medicaland dentalapplications(e.g.,X-raysand nuclearmedicineprocedures)

and consumerproducts. Miscellaneousetherminorsourcessuch as occupational

exposure,falloutfrom nuclearweaponstesting,and nuclearfuel cycle

facilitiesaccountfor a relativelysmallfractionof the total.

5.3 ESTIMATESOF RISK FROM RADIATIONDOSES

Projectedradiationdosescan be used to predictthe risk of fatal

cancerand otherhealtheffectsusingappropriaterisk conversionfactors.

Risk conversionfactorshave been publishedby variousnationaland

internationalorganizations(NRC1990;ICRP1990;UNSCEAR1988;USEPA 1989).

The risk factoras recommendedby the InternationalCommissionon

RadiologicalProtection(ICRP)in PublicationNo. 60 (ICRP1990)for the

generalpopulationis 5 fatalcancersper 100 Sv (5 per 10,000rem) for

chronic,whole-bodyexposuresto low dosesat low dose ratesfor low-LET

(i.e.,linearenergytransfer)radiation.The valueis 4 fatalcancersper
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100 Sv for workers. The difference is primarily attributableto the presence

of children in the general population, lt should be noted that th_ risk for

acute exposures (i.e., doses received within minutes to hours) is estimated in

"BEIR V" (NRC 1990) to be about a factor of two larger than that for chronic

exposures (i.e., approximately9 fatal cancers per 100 Sv) for the general

population. The chronic exposure values, as summarized in Table 5.2, were

used to develop the radiationdose and other associated limits (e.g.,

allowable limits of intake,derived air concentration)in 10 CFR Part 20

(1991).

The risk factors may be used to determine potential risks to the

population from radionuclides released to the environment based upon the

calculated radiation doses to the target population. These risks can then be

compared to other types of risks to which the population is exposed. Examples

of risks from other types of activities, as summarized by Woodruff and Hanf
(1992), are presented in Table 5.3.

TABLE 5.2. Lifetime Fatal Cancer Risk Factors from Whole-Body Exposure
to Low-LET Radiation (from ICRP 1990 and NRC 1990)

_ Fatal Cancers Per
Type of Exposure Sv rem

C_hhronic(Lonq-Term'Exposur_(')._

General Public 5 x 10.2 5 x 10.4

Workers 4 x 10.2 4 x 10.4

A_cute(Doses Received Within Minutes to Hours).

General Public g x 10.2 9 x 10.4

Workers 8 x 10.2 8 x 10.4

(a) lt should be noted that acute as well as chronic
releases to the environmentare normally considered
to result in chronic_.
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TABLE 5.3. Estimated Risk from Various Activities and Exposures as Summarized
from Woodruff and Hanf (1992)

Risk of Fatality
Activity and Correspond_nqConsequence Per Person_aJ

Accident from riding in or driving 483 km 2 x I0-8(b)
(300 miles) in a car

Home accidents I x I0-4(b)

Liver cancer/cirrhosisfrom drinking 355 ml I x I0-s
(12 oz) of beer or 118 ml (4 oz) of wine
per day

Accidents from pleasure boating 6 x I0-B(b)

Accidents from sport/recreationalfirearms I X 10-s(b)

Lung/heart/otherdiseases from smoking I pack 4 x I0-3
(20 cigarettes) per day

Gastrointestinal-tractcancer from eating 49 kg i x 10.6
(90 Ib) of charcoal-broiledsteaks

Trace chloroform cancer from drinking 3 x 10.6
chlorinated tap water

Accident from flying round trip as a passenger 8 x I0-6(b)
on a cross-countrytrip

(a) As noted in Woodruff and Hanf (1992), "these values are
generally accepted approximationswith varying levels of
uncertainty;there can be significantvariation[s]as a result
of differences in individuallifestyle and biological factors
(Ames et al. 1987; Atallah 1980; Dinman 1980; Wilson and Crouch
1987; Travis and Hester 1990)."

(b) As noted in Woodruff and Hanf (1992),these represent real
actuarial values. The other values are predicted from
statisticalmodels.
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APPENDIX A

DOCUMENT REQUEST FORM

To receive a copy of Recommended EnvironmentalDose Calculation Methods

and Hanford-SpecificParameters (PNL-3777Rev 2) and to be placed on the

distributionlist to receive updated sections of the report, please copy and

complete the following form and send it to the ExecutiveSecretary of the

Hanford EnvironmentalOverview Panel. The name, mailing address, and phone

number of the current Executive Secretary is provided in Appendix C.2.

Please type or print

Name:

Organization:
(e.g., HEHF, PNL, USDOE, WHC)

Mailing Address (MSIN):

Phone Number:

On Hanford Local Area Network? (Yes/No):

Other electronic mail system:

(Signature)

Comments:
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Department of Energy,o_ , •

_, ,_ I1'_ r_ • IQ" IRaCnaanOOpefalJon$ Office.e_,

,o,o.,,0R_chlan¢l. Washington 99352

JUN 2, 5 1_0

Contractors, Richland, Washington

Director

Pacific Northwest Laboratory

President

Hanford Environmental Health Foundation

President

Westinghouse Hanford Company

Gentlemen:

HANFORD ENVIRONMENTAL DOSE OVERVIEW PANEL (HEDOP) CHARTER

This letter apprises you of the formalization of a Hanford Environmental
Dose Overview Panel and your responsibility to appoint up to four members %0
the panel by July 16, 1990. The enclosed charter specifies the panel's
purpose, scope, authority, responsibilities,and membership.

In the past, the consistency and accuracy of environmental dose calculations
were reviewed and approved through PNL's Dose Overview Project. However,
several instances have occurred recently identifying inconsistencies in dose
calculations among Hanford contractors. Therefore, in order to ensure that
apPropriate.environmentaland health dose assessment methods used at Hanford
are Zechnically consistent and to increase communication among the Hanford
ddntractors regarding these assessments, this panel has been formalized.

According to the charter, the panel will consist of up to 12 voting members,
an executive secretary, and a DOE-RL representative. Each of the voting •
members shall have one vote. The voting members of HEDOP shall consist of
up to four representatives each from Westinghouse Hanford Company, Hanford
Environmental Health Foundation, and Pacific Northwest Laboratory. The
representatives shall have expertise in various environmental assessment
subjects (e.g., toxicology, environmental transport, and health physics).
Please provide me with the names of up to four representatives from your
respective organizations to serve as panel members for the first term byJuly 16, 1990.
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JUN 2 5 1990
Contractors -2-

Should you have any questions regarding this subject, please contact
Mr. Randall F. Brich of my staff at 376-9031.

Sincerely,

an, Acting Director
SED:RFB Safety and Environment Division

Enclosure

cc w/enel: S. E. Dietert, HEHF
J. T. A. Roberts, PIlL
D. E. Simpson, WHC
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HANFORD ENVIRONMENTALDOSE OVERVIEW PANEL

CHARTER

!7 May 1990

I. PURPOSE

The Hanford EnvironmentalDose Overview Panel (HEDOP) serves as the
technical representativefor the U.S. Department of Energy's Richland
Operations Office (DOE-RL) for matters related to environmental and health
dose assessments of operations and facilities on the Hanford Site.
Environmentaland health dose assessments may include:

• the use of various types of models to project the environmental
transport of potentially harmful materials,

• the development of exposure and/or dose estimates, and
• application of health risk conversion factors.

The purpose of the Panel is to:

• ensure that appropriate radiological and nonradiological
environmental and health dose assessment methodsare used at Hanford,

• ensure that all Hanford-relatedenvironmental and health dose
assessmentsare technically consistent, and

• foster communication among the Hanford contractors regarding
environmental and health dose assessments.

II. SCOPE

The scope of HEDOP covers all environmental and health dose assessments
of potential or actual exposure to onsite and offsite receptors that
involve the environmental transport of potentially harmful material that
could be or has been released from a Hanford operation or facility.
Environmental and health dose assessments performed for locations other
than Hanford are outside the scope of HEDOP.

III. MEMBERSHIP

The Panel shall consist of up to twelve (12) voting members, an Executive
Secretary, and a DOE-RL Representative. Each of the voting members shall
have one vote. The voting members of HEDOP shall consist of up to four
(4) representativesfrom each of the following contractors (listed by
area of responsibilityon the Hanford Site):

• occupationalmedicine and environmental health services,
• operations and engineering, and
• research and development.

HEDOPCharier (17 May 1990 Version) RGS(HDOP):CHTHEDOP.FIN
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The Executive Secretary and the DOE-RL Representativeshall be non-voting
members of HEDOP. The manager of the Dose Overview Project shall serve
as the Executive Secretary.

Annual Establishment of HEDOP

A new Panel shall be established by July I of each year, concurrent with
the appoi.,tmentof new HEDOP members.

Appointment of Voting Members

Individuals shall be appointed to the Panel by their respective
contractors by June I to replace a member whose term expires that year.
Outgoing members may be re-appointed. Contractors should select
individualsthat are knowledgeable in environmental and health assessment
dose methods and represent the various pertinent functions performed by
that contractor (e.g., emergency preparedness, safety analysis,
environmental assessment, environmental monitoring and surveillance,
performance assessment).

Terms of Voting Members

The term for each voting member shall be four (4) years beginning the
first of July. The terms of the voting members shall be staggered such
that one position from each contractor is renewed each year (i.e., up to
one fourth of the voting membership could be replaced each year). In the
event that a member must be replaced prior to completing a term, the
responsible contractor shall promptly appoint an individual to serve the
remainder of the unexpired term.

Election of Chairperson

A Chairperson shall be elected from the eligible voting Panel members
before July I of each year. Eligible members are those whose memberships
will not expire when the new Panel is established on July I. The
Chairperson shall serve a one-year term beginning July I.

IV. RESPONSIBILITIES

Hanford Environmental Dose Overview Panel

At least one half of the voting members of the Panel are needed to
constitute a quorum. Measures voted upon will be accepted with a majority
of a quorum voting in favor.

The Panel may revise the Charter based on a two thirds (2/3) majority
vote of the voting members. The revised Charter must be submitted by
the Chairperson to the DOE-RL Representativefor concurrence.
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The Panel shall:

• provide recommendationsto DOE-RL regarding technical issues related
to environmentaland health dose assessments at Hanford,

• establish criteria for selecting methods (i.e., models, codes,
related input parameters, and calculationalprocedures) used to
conduct environmental and health dose assessments that pertain to
Hanford operations or facilities,

• review and maintain a list of HEDOP-approvedcodes and related
Hanford-specificinput parameters that may be used routinely to
conduct environmental and health dose assessments that pertain to
Hanford operations or facilities,

• annually provide a document to Hanford contractors and DOE-RL that
- lists the codes and related Hanford-specificinput parameters

that are approved by the Panel, and
- details the procedures for securing HEDOP approval for all

environmental and health dose assessments that pertain to
Hanford operations or facilities,

• designate code custodians to
- maintain the HEDOP-approved version of the various codes and

related Hanford-specific input parameters, and
- make the codes available to Hanford users,

• establish and terminate ad hoc working groups to address specific
issues,

• establish minimum qualificationsrequired for individuals to serve
as Panel-ApprovedReviewers,

• determine if individualsnominated by Panel members or Hanford
contractors are qualified to serve as Panel-Approved Reviewers,

• annually evaluate the qualificationsof individuals designated to
serve as Panel-ApprovedReviewers,

• assure that periodic reviews of HEDOP-mandatedoperations of the
Hanford contractors are performed,

• annually review the operations of the Panel,
• elect a Chairperson of the Panel by July I of each year, and
• meet at least once each quarter.

Hanford Contractors

Hanford contractors shall:

• assure that all applicable environmental and health dose assessments
are reviewed according to the requirement of HEDOP,

• provide resources for HEDOP-ApprovedReviewers to review all
contractor-developedenvironmental and health dose assessments
related to Hanford operations or facilities,

• maintain documented reviews to demonstrate compliance with HEDOP
requirements,

• designate contractor personnel to serve on the Panel, and
• provide resources for contractor personnel to serveas Panelmembers.
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Executive Secretary

The Executive Secretary shall provide administrative and technical support
to the Panel. The ExecutiveSecretary shall:

• act as the point of contact with DOE-RL,
• coordinate the ad hoc working groups,
• coordinate requests from Hanford contractors,
• coordinate input to the Panel Chairperson on agenda items for HEDOP

meetings,
• provide a written version of the meeting minutes along with an

executive summary of the minutes to the Chairperson for approval,
• distribute the meeting minutes to Panel members and other interested

Hanford personnel,
• maintain a distributionlist of selected Hanford personnel that

should receive an executive summary of the minutes of the Panel
meetings and other pertinent information related to HEDOP,

• distribute the executive summary,
• provide a central filing and tracking system for HEDOP activities,

and
• coordinate updates to the formal HEDOP policy and procedures

document.

Panel Chairperson

The Panel Chairperson shall ensure that the operations of the Panel are
in compliance with the HEDOP Charter. The Chairperson shall:

• call and conduct meetings,
• with input from the Executive Secretary, prepare the agenda for the

Panel meetings,
• select an individual to chair each ad hoc working group,
• ensure that the ad hoc working groups are properly staffed,
• approve the minutes and executive summary of each Panel meeting,
• call for Hanford contractors to appoint individuals to replace Panel

members whose terms expire or who leave the Panel for some other
reason, and

• call for the election of a Chairperson prior to July I of eachyear.

Panel-ApprovedReviewers

Panel-Approvedreviewers shall conduct documented reviews of all
,_ applicable environmentaland health dose assessments for:

• consistency with HEDOP-approvedmethods,
• technical validity if other than HEDOP-approvedmethods were used,

and

• appropriate level of documentation.
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DOE-RL Representative

The DOE-RL Representativeshall serve as the spokesman for DOE-RL and
provide input to the Panel on DOE policies. All recommendationsfurnished
to DOEoRL by HEDOP shall be provided through the DOE-RL Representative.

V. ORGANIZATION

The functional and organizationalrelationships of HEDOP, Hanford
contractors, DOE-RL, and the Dose Overview Project are shown in the
attached figure.
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VI. APPROVAL

This Charter was prepared and approved by the members of the Hanford
Dose Overview Panel.

; -.

R. Gene Schreckhise, Chairperson DateI

_et S. Davis / D_te

Donna E. Luca_ " //_/D/at2_/_ _0

Bruce A. Napier Dat_

Paul D. littmann Oat_

VII. CONCURRENCE

R. F. Brich, DOE-RL Representative _ate"
Safety and EnvironmentDivision
U. S. Department of Energy
Richland Operations Office
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DOE-RL Representative Funding

I
II

Hanford HEDOP Hanford Executive DosellEnvironmental Overview
Contractors Members llDoseOverview Secretary Project

"11 Panel , =,,
L"

i , 11,_
Funding HEDOP- Ad Hoc Ongoing

Approved Working and
Reviewers Groups Special

Activities
Examples:

Other Information Exchange Toxicology Examples.
Hanford Meteorology Code
Forums Health Physics Maintenance

Subsurface HEDOP FiIe
Examples: Transport Maintenance
Hanford Personnel Dosimetry Update Codes
Advisory Committee

Radidtion Protection Forum
Hanford Safety Analysis Forum
Hanford EnvironmentalDose
ReconstructionProject

Functional and OrganizationalRelationships of
the Hanford EnvironmentalDose Overview Panel
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APPENDIX C.1

CURRENT HEDOP-APPROVEDREVIEWERS

Name Work Location Phone # MSIN

Pacific Northwest Laborator.y:

Tracy A. Ikenberry Rm 30/RTL BIdg/RCHNArea 375-2338 K3-54

William E. Kennedy, Jr. Rm 25/RTL BIdg/RCHNArea 375-3849 K3-54

Bruce A. Napier Rm 36/RTL BIdg/RCHN Area 375-3896 K3-54

Kathleen Rhoads Rm 40/RTL BIdg/RCHN Area 375-6832 K3-54

R. Gene Schreckhise Rm 38/RTL BIdg/RCHN Area 375-3941 K3-54

Joseph K. Soldat Rm 34/RTL BIdg/RCHN Area 375-3942 K3-54

Monte J. Sula Rm 3147/337 Bldg/300 Area 376-0605 P7-78

WestinqhouseHanford Company:

Janet S. Davis Rm 602/4706 Bldg/400 Area 376-9284 NI-19

David A. Himes Rm 607/4706 Bldg/400 Area 376-8190 NI-19

Paul D. Rittmann Rm 7A/345 Hills BIdg/RCHNArea 376-8715 H4-14

Rick J. Van Vleet Rm 20/450 Hills BIdg/RCHNArea 376-2613 H6-31
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APPENDIX C.2

HANFORD ENVIRONMENTALDOSE OVERVIEW PANEL MEMBERS FOR 1992/1993

Term Expires
Name 30 June Work/TechnicalArea Phone # MS

HEHF:

Ramesh Dowray 1993 Occupationalmedicine 376-7186 HI-02
Thomas W. Henn 1994 Occupationalmedicine 376-6137 HI-02
Mitzi L. Dentler 1995 Industrialhygiene, 372-0532 HI-52

toxicology
Burton B. Milburn 1996 Industrialhygiene, safety 376-7040 B2-75

engineering

PNL"

J. Van Ramsdell, Jr. 1993 Atmospheric sciences 376-8626 K6-03
Charles T. Kincaid(a) 1994 Soil physics and groundwater 376-8324 K6-77

hydrology
Bruce A. Napier 1995 Environmentalhealth physics, 375-3896 K3-54

primary author of GENII
Michael Yurconic 1996 Laboratory safety, industrial 376-9644 P7-78

hygiene and risk assessment

WHC-

Janet S. Davis 1993 Radiologicalsafety analysis 376-9284 NI-19
Paul D. Rittmann 1994 Environmentaltechnology, 376-8715 H4-14

health physics
Robert H. Ruben 1995 Health physics 376-4181 L8-20
A. Ray Johnson 1992 Environmentalprotection 372-3056 H6-30

DOE-RL Representative(b)"

Randall F. Brich -- Health physics 376-9031 A5-55

Executive Secretary(b)"

R. Gene Schreckhise -- Hanford Environmental 375-3941 K3-54
DosimetryCoordination
Project Manager,
environmentalhealth physics

(a) Chair for 1992/1993term

(b) Non-voting positions on the Panel
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APPENDIX D

HEDOP-MANDATEDREVIEW REQUIREMENTSAND PROCEDURES

The following section, taken from the Policy Manual(a)of the Hanford

EnvironmentalDose Overview Panel, describes the procedures for securing a

HEDOP-mandatedreview. The requirementsof the review, along with a check-off

list that may be used for the review, are included.

A HEDOP-ApprovedReviewer,the Chairperson,or the Executive Secretary

of the Panel should be contacted to initiatethe review. Their names,

addresses, and telephone numbers are provided in Appendix C.2.

(a) Policy Manual of the Hanford EnvironmentalDose Overview Panel, dated
September 25, 1991.
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HANFORDENVIRONMENTALDOSEOVERVIEWPANEL(HEDOP) Section 4
POLICY MANUAL Page 1 of 4
Section Title: CALCULATIONREVIEWS Date 9/25/91

Approved by" Original signed by Janet S. Davis
Janet S. Davis, HEDOP Chairperson

Purpose

The purpose of this policy is to provide guidelines for the calculation review
process for environmentaland health dose assessmentsof operations and
facilities on the Hanford Site. HEDOP reviews are performed to assure that

(i) appropriatemethods are used, (2) all Hanford-relatedenvironmentaland
health dose assessmentsare technicallyconsistent, and (3) communication
occurs among the Hanford contractors regarding these assessments.

Policy / Requirements

I. Analyses requiring HEDOP reviews may be submitted to the HEDOP
Chairperson or to an individualHEDOP-ApprovedReviewer. A list of the
current HEDOP Chairpersonand HEDOP-ApprovedReviewers may be obtained
from the HEDOP Executive Secretary (R.G. Schreckhise,PNL; K3-54, 375-
3941, cc:Mail).

2. The HEDOP review is an overview, as implied by the Panel name (Hanford
EnvironmentalDose Overview Panel), although technical issues may also
be addressed as part of the review. The HEDOP reviewer shall verify
that:

a. A technically accurate,defensible and appropriatecode was used
(i.e., the code is consistentwith HEDOP recommendationsin PNL-
3777 IRevision2).

b. Appropriate receptor locations were evaluated.

c. Appropriate pathways were evaluated for each receptor.

d. Appropriate models (finiteplume, semi-infinitecloud,
building wake, etc.) were used.

e. Data and parameters appropriate for the Hanford Site were used, and
the analysis is otherwise consistent with HEDOP recommendationsin
PNL-3777 Revision 2.

f. Model adjustmentsexternal to the computer program were justified
and performed correctly (for example, adjustments to the chi/Q
value for airborne releases with a duration between those assumed
for the acute and chronic air transportmodels).

g. A detailed technical review and approval of the environmental
transport and dose calculationportion of the analysis has been
performed.
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HANFORDENVIRONMENTALDOSEOVERVIEWPANEL(HEDOP) Section 4
POLICY MANUAL Page 2 of 4
Section Title: CALCULATIONREVIEWS Date 9/25/91

0
The HEDOP reviewer shall also determine if detailed technical reviews
have been performed on the scenario and release determinationsprior to
approval by HEDOP. lt is highly desirable that these reviews be
conducted, but since they are outside the scope of HEDOP
responsibilities,HEDOP approval of analyses without these reviews will
not be withheld. However, absence of these reviews wiil be noted in the
HEDOP review documentation.

The form provided at the end of this policy shall be used to document
HEDOP review and approval. Review calculations,comments and/or notes
shall be attached to the review documentationas appropriate.

3. All environmentaltransport and dose calculationportions of analyses
shall have received a detailed technical review and approval prior to
submittal for HEDOP review, unless the HEDOP-ApprovedReviewer is being
requested to perform the detailed technical review in addition to the
HEDOP review.

4. Documentationof assessmentssubmittedfor HEDOP review shall include:

a. Complete documentation of the assessment.

b. Complete computer code input and output, if used (may be in either
electronic or hard copy form).

c. Documentationof detailed technical reviews and approvals (see item
2.g, the paragraph following item 2.g, and item 3 above).

5. HEDOP-ApprovedReviewers are responsiblefor reviewing only those
analyses within their area of expertise (e.g., those with only limited
experience with nonradiologicalrelease calculationswill not approve
nonradiologicalrelease calculations). If a reviewer discovers portions
of the work lie outside his/her expertise, the reviewer shall try to
find another HEDOP-ApprovedReviewer with the appropriateexpertise.

In cases where a HEDOP-ApprovedReviewer cannot be found, a HEDOP-
Approved Reviewer may request that an evaluation be conducted by a
knowledgeableperson who is not a HEDOP-ApprovedReviewer. The HEDOP-
Approved Reviewer who requested the outside evaluation would approve or
reject the analysis based on input from and discussions with the
knowledgeablereviewer.

6. HEDOP-ApprovedReviewers shall report their HEDOP review activities to
the Panel quarterly. The report shall include reviews resulting in
approval and rejection, reviews currently underway, and issues and
comments and correspondingresolutions.

0
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HANFORDENVIRONMENTALDOSEOVERVIEWPANEL(HEDOP) Section 4
POLICY MANUAL Page 3 of 4
Section Title: CALCULATIONREVIEWS Date 9/25/91

,,,

7. The completed HEDOP review checklist (on the following page) should
become an integral part of the document reviewed.

8. HEDOP-ApprovedReviewers shall provide copies of completed checklists to
the Panel representativewho maintains HEDOP files for the contractor
preparing the document.

4@
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HANFORDENVIRONMENTALDOSEOVERVIEWPANEL (HEDOP) Section 4
POLICY MANUAL Page 4 of 4
Section Title: CALCULATIONREVIEWS Date 9/25/91

HEDOP REVIEW CHECKLIST
for

Radielogicaland NonradiologicalRelease Calculations

Document reviewed (include title or description of calculation,document
number, author, and date, as applicable):

Submitted by: Date Submitted:

Scope of Review:

YES NO* N/A

[ ] [ ] [ ] I. A detailed technical review and approval of the
environmentaltransport ,anddose calculation portion of
the analysis has been performed and documented.

[ ] [ ] [ ] 2. Detailed technical review(s)and approval(s)of scenario
and release determinationshave been performed and
documented.

[ ] [ ] [ ] 3. HEDOP-approvedcode(s)were used.[ ] [ ] [ ] 4. Receptor locationswere selected according to HEDOP
recommendations.

[ ] [ ] [ ] 5. All applicable environmentalpathways and code options
were included and are appropriate for the calculations.

[ ] [ ] [ ] 6. Hanford site data were used.
[ ] [ ] [ ] 7. Model adjustments external to the computer program were

justified and performed correctly.
[ ] [ ] [ ] 8. The analysis is consistent with HEDOP recommendations.
[ ] [ ] 9. Supportingnotes, calculations,comments, comment

resolutions,or other information is attached. (Use the
"Page I of X" page numbering format and sign and date
each added page.)

[ ] [ ] 10. Approval is granted on behalf of the Hanford
EnvironmentalDose Overview Panel.

* All "NO" responses must be explained and use of nonstandardmethods
justified.

HEDOP-ApprovedReviewer (PrintedName and Signature) Date

COMMENTS (add additional signed and dated pages if necessary):
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APPENDIX E

HEDOP CODE APPROVAL POLICY

The following section, taken from the Policy Manual(a)of the Hanford

EnvironmentalDose Overview Panel, describes the procedures for securing HEDOP

approval of a code to be used for evaluating environmentaland health dose

assessmentsrelated to operations and/or facilitieson the Hanford Site. The

use of HEDOP-approvedcodes is not required by the Panel. However, the use of

codes and associated parameters that have been approved by the Panel usually

expedites the HEDOP-mandatedreview process° The codes that have been

approved by HEDOP are listed in Appendix F.

(a) Policy Manual of the Hanford EnvironmentalDose Overview Panel, dated
September 25, 1991.

Appendix E Revision Number: 0 [HEDOP\PNL-3777.RV2\APE-CAPR.933] Appendix E Rev 0
Revision Date: Hatch 1993 Page 3 of 12



HANFORD ENVIRONMENTALDOSE OVERVIEW PANEL (HEDOP) Section 6
POLICY MANUAL Page I of 8
Section Title: SOFTWARE APPROVAL Date g/25/91

Approved by" Original signed by _anet $. Davis
Janet S. Davis, HEDOP Chairperson

The purpose of this policy is to specify the criteria and methed for the
Hanford Environmenta_lDose Overview Panel, (HEDOP or Panel), to evaluate and
approve software that has been technically reviewed and quality assured for
application in the conduct of environmentaland health dose assessments of
existing and/or proposed Hanford Site facilities and/or operations.

Through this policy, the HEDOP-mandatedreview and approval of dose
calculationswill be expedited by elimipatingthe need for detailed software
review during calculation reviews. Application of the policy will lead to th_
approval of software and to the creation of a suite of HEDOP approved software
for Hanford Site application.

Approval by HEDOP simply means acceptanceof software for use at the Hanford
Site. This approval for use may be based on its prior acceptance or approval
by technical peers elsewhere or by its use in other government agencies,
(e.g., the U.S. EnvironmentalProtectionAgency, or the State of Washington's
Departmentsof Health or Ecology), and therefore, should not necessarily be
interpretedas Hanford Site approval or acceptance of the technical basis
embodied in the software.

.Ob.iectives

The objectives of the software approval policy are to"

• determine if appropriate quality assura_-_ceprocedures exist and have
been followed, and if the code has been fully documented and reviewed by
qualified QA auditors and independenttechnical reviewers. This is done
to ensure that a quality product is being considered for approval by the
Panel.

• ensure that necessary protocols are in place and honored so as to inform
the Panel of discovered problems or errors in the software and their
resolution.

• determine if the software is capable of accepting Hanford-specificdata
where such data are deemed essential by HEDOP for the satisfactory
simulation of Hanford Site cases. In addition, the policy is designed
to reveal whether specific software options should be employed or
disabled to appropriatelyrepresent Hanford Site conceptual models.

• ensure that engineering or scientific software under consideration is
evaluated in an impartialand consistent Fashion.
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Policy / Requirements

I. SCOPE OF HEDOP REVIEW AND APPROVAL: The software approval policy
applies to both commercial and public domain software that fall under
the software quality assurance requirementsof the Richland office of
the Department of Energy. The software of interest is that used i_ the
conduct of environmentaland health dose assessmentsof existing and/or
proposed Hanford Site facilities and/or operations. Software used
solely for generation of presentationsor a finished report, e.g., word
processors, is excluded.

2. APPLYING FOR SOFTWARE APPRr_VAL: Contractorsor individualsdesiring to
have new or revised software reviewed and approved shall give a
presentationand provide a written summary to the Panel addressingthe
issues outlined below under the policies for approval of new, (i.e.,
initial),or revised software.

3. RECORDS OF SOFTWARE REVIEW AND APPROVAL: Upon submittal of software for
review, a file containing all correspondence,records of presentation,
and Panel actionswill be created and maintained. This record shall be
maintained in accordance with the records maintenance requirementsof
the Hanford EnvironmentalDosimetry CoordinationProject. The Panel
will complete the Checklist for HEDOP Software Approval (providedat the
end of this policy) and it will become part of the record.

4. INTERNAL TESTING AND BENCHMARK CASES FOR SOFTWARE REVIEW: To ensure an
impartial and consistent evaluation,the software approval policy
requires that the Panel, through an ad hoc Working Group assigned to
evaluate the software, specify internal testing and benchmark cases that
are based primarily on the intended end-use of software at Hanford.
These testing and benchmark cases shall be retained on file by the
Hanford EnvironmentalDosimetry CoordinationProject. The cases shall,
at a minimum, exercise the software options and the range of variables
likely to be encountered in applicationsof software to Hanford Site
situations. The cases will be designed to reveal the use of Hanford-
specific data, and identify the need for Hanford-specificsoftware
options. The ad hoc Working Group will specify performancemeasures and
associated criteria for the cases to ensure an impartial and consistent
evaluation.

Rather than create these internal testing and benchmark cases, the ad
hoc Working Group may adopt cases proposed for this purpose by the
applicant or custodian of the software. The performance measures and
criteria adopted by the ad hoc Working Group should be peer-accepted
measures of software performance. The performance measures, taken
together with the criteria, should provide a repeatablemeans of
impartiallyevaluating software with regard to its application to
Hanford Site facilities.
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5. APPROVAL OF SOFTWARE: If all criteria are met, a formal approval of the
software, with all Panel modeling preferences identified,will be issued
to the Contractor oY'individual. A disclaimer indicating HEDOP approval
and Panel modeling preferenceswill be provided by the Panel. In order
Lo alert HEDOP-ApprovedReviewers of the status of software used in
calculations, this disclaimer is to be placed on the cover page of draft
material submitted for HEDOP review.

6. CONDITIONAL APPROVAL OR REJECTIONOF SOFTWARE: If any criterion is not
met, the Panel may take one of the following four actions:

a. ConditionalApproval: If use of the software is mandated by the
Department of Energy or another federal or state agency, then
aspects of the review and approval policy that are viewed as
ill,)gicaland uneconomicalto complete because they would not
influence software approval, (e.g., an independenttechnical peer
review, or internal test and benchmark case simulations),may not
be required by the Panel. Because one or more criteria has not
been met, the approval would be conditional. As in the case of the
unconditionalapproval (Item 5 above), a disclaimer indicating
conditionalapproval and Panel modeling preferenceswill be
provided by the Panel. In order to alert HEDOP-ApprovedReviewers
of the status of software used in calculations,this disclaimer is
to be placed on the cover page of draft material submitted for
HEDOP review.

b. Recommendationto Approve upon Revision: The Panel may reject
software with a recommendationfor specific revisions prior ta a
subsequent expedited review and approval. In such cases, the Panel
will identify needed (I) revisions to the software, (2) internal
test or benchmark cases, or (3) supplementaldocumentation.
Specific actions necessary to obtain approval through an
abbreviatedreview process will be outlined, and deadlines for
further considerationwill be stipulated.

c. Rejection with Recommendationfor Major Revisions" The Panel
may reject software with recommendationsfor major revisions
to the software or its documentation,or simulationsof
internal test and benchmark cases, or adoption of necessary
quality assuranceprotocols. Upon completion of recommended
revisions, simulations,or protocols, the Contractor or
individual should resubmit the software for complete review by
HEDOP.

d. Rejection without Recommendation" The Panel may reject without
detailed recommendationsfor revision or resubmittal. Such an
action would be appropriate if there was inadequate justification
for the proposed software, it simply duplicated existing approved
software,and it provided no new or improved capability.
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7. HEDOP-APPROVEDSOFTWARE SUMMARY: A Iist of approved software and a
listing or statement of the following items for each shall be maintained
by the Executive Secretary of the Panel:

a. software status (approved,conditionallyapproved, rejected),
b. software design purpose,
c. underlying theory,
d. primary assumptions and major limitations,
e. past applications(includingreferences),
f. availabledocumentation (includingreferences),and
g. code custodian (address,telephone, facsimile,etc.)

InitialApproval of Software

The policy for HEDOP evaluation and initial approval of software is provided
below. An impartial and consistentevaluation will be achieved by following
the steps A through E outlined below and reviewingthe adequacy of software
justification,quality assurance, general t_chnical basis, Hanford-specific
applications,and software control procedures. The checklist summarizes the
issues raised and uses the same capital letter designations as below:

A. Justification: The introductionof new software must be justified to
the Panel. The justificationcan be based on one or a variety of
scientific,regulatory, and/or economic reasons.

B. Quality Assurance Review: The design, development,documentation,
control, and maintenance of the software shall have been reviewed and
accepted within a software quality assurance program consistent with
quality assuranceguidance from DOE Field'Office,Richland (RL).

C. General Technical Expert Review: The software shall have been reviewed
by qualified independenttechnical experts. These technical experts
shall have determined whether the software was correctly formulated,
encoded, verified, benchmarked,and validated.

D. HEDOP Technical Expert Review: Simulations,submitted by the applicant
employing the candidate software on internal test and benchmark cases
stipulated by the Panel, (i.e., its ad hoc Working Group), shall be
reviewed by Panel-designatedtechnical experts. These experts shall
determine whether satisfactoryperformancehas been achieved by the
candidate software,whether Hanford-specificdata can be employed, and
whether Hanford-specificoptions should be required by the Panel.

This step in the review may be satisfied under item C when the internal
test and benchmark cases, and the Panel-designatedtechnical experts are
both included as part of the General Technical Expert Certification.
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0
E. HEDOP Notificationof Software Chanqes: The software shall be

controlled under software control procedures by the code custodian such
that HEDOP and the user community will be immediately notified of:

a. problem or error identification,
b. problem or error resolution,
c. interim software corrections,
d. formal approval and re-releaseof the software,
e. changes to the HEDOP user community list, and
f. changes in code custodianship.

The Panel will notify HEDOP-ApprovedReviewers of the changed status of
a code (or of portions of the code affected) pending resubmittal of the
software for testing and re-evaluationby the HEDOP. The code custodian
will retain responsibilityfor notificationof all users of software
errors and corrections in accordancewith established software control
procedures.

Approval of Software Revisions

The policy for evaluation and approval of a software revision is provided
below. An impartial and consistent evaluation of the software revision will
be achieved by following the steps A through E outlined below and reviewing
the adequacy of software revision justification,quality assurance, general
technical basis, Hanford-specificapplications,and software control
procedures. The checklist summarizesthe issues raised and uses the same
capital letter designations:

A. Justification" The introductionof r6visions to HEDOP approved software
must be justified to the Panel. The justificationcan be based on one
or a variety of reasons; however, it is anticipated such revisions will
occur as result of correctionsto observed software errors, or as normal
upgrades or updates to software.

B. Qualitj_Assurance Review: The design, development, and documentation of
the revision to the software, and the control and maintenance of the
previously approved software shall have been reviewed and accepted
within a software quality assuranceprogram consistent with quality
assurance guidance from RL.

C. General Technical Expert Review: The revised software shall have been
reviewed by qualified independenttechnical experts. These technical
experts shall have determined whether the revision was correctly
formulated,encoded, verified, benchmarked,and validated.

D. HEDOP Technical Expert Review: Simulations,submittedby the applicant,
employing the revised software on the internal test and benchmark cases
stipulated by the Panel (i.e., its ad hoc Working Group) and retained on
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file by the Hanford EnvironmentalDosimetry CoordinationProject, shall
be reviewed by Panel-designatedtechnicalexperts. The applicant
shalldescribein narrative form and quantitativelydemonstrate the type
of simulationsimpacted by the changes to the software. At a minimum,
the impacts of software changes shall be demonstrated by presenting the
differences between results generated using old and new versions of the
software. The Panel-designatedtechnical experts shall determine
whether satisfactoryperformance has been achieved by the revised
software,whether Hanford-specificdata can still be employed, and
whether Panel-requiredHanford-specificsoftware options still apply.

This step in the review may be satisfied under Item C if the internal
test and benchmarkcases and the Panel-designatedtechnicalexperts are
both included as part of the General Technical Expert Certification.

E. HEDOP Notificationof Software Changes: The revised software shall have
been controlled under software control procedures by the code custodian
such that HEDOP and th_ user communitywere immediatelynotified of the
need for revision. The procedures and protocols followed by the code
custodian shall be reviewed to ensure they have met HEDOP requirements.
Specifically,the written record of HEDOP notificationregarding the
following items will be reviewed:

a. problem or error identification,
b. problem or error resolution,
c. interim correctionsand a-discussionof impacts of revisions, and
d. formal approval and re-release of the software.

Report: RECOMMENDEDENVIRONMENTALDOSE CALCULATIONMETHODSAND HANFORD-SPECIFICPARAMETERS(PNL-3777Rev 2)
Appendix: E HEDOP CODE APPROVAL POLICY

Appendix E Revision Number: 0 [HEDOP\PNL-3777.RV2\APE-CAPR.933] Appendix E Rev 0
Revision Date: )larch 1993 Page 9 of 12



HANFORDENVIRONMENTALDOSEOVERVIEWPANEL(HEDOP) Section 6
POLICY MANUAL Page 7 of 8
Section Title: SOFTWAREAPPROVAL DaLe 9/25/91

CHECKLIST FOR HEDOP SOFTWARE APPROVAL Page I of 2

Software Evaluated"

Documentation"

Software Custodian"

YES NO NA (Explanationsare required)
A. [ ] [ ] [ ] Justification. Is the justificationfor adding or

revising this software appropriateand clearly
documented?

Summary"

B. [ ] [ ] [ ] (}ualit.yAssurance Review. Has the software or its
revision been designed, developed, documented,
controlled,and maintained under quality assurance
protocols in keepingwith QA guidance from DOE Field
Office, Richland?

Summary"

C. [ ] [ ] [ ] General Technical Expert Review. Have independent
technical experts found the subject software or its
revision has been correctly formulated,encoded,
verified, benchmarked,and validated?

Summary"

D. [ ] [ ] [ ] HEDOP Technical Expert Review. Have independent
technical experts identifiedby the Panel reviewed and
found the software or its revision properly simulates
internal test and benchmark cases stipulated by the
Panel?

Summary"
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CHECKLIST FOR HEDOP SOFTWARE APPROVAL Page 2 of 2

E. [ ] [ ] [ ] HEDOP Software Control Procedures/Records. Are software
control procedures in place, or have they been followed,
such that HEDOP and the user community will be or were
immediatelynotified of: coding errors, problems, their
resolution, interimcorrections,potential impacts, and
re-release of the software?

Summary:

HEDOP Decision"

Chairperson,Hanford EnvironmentalDose Overview Panel Date
(Printed name and signature)
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CURRENTHEDOP-APPROVEDCODES
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APPENDIX F.I

CURRENT HEDOP-APPROVEDCODES

The Hanford EnvironmentalDose Overview Panel (HEDOP)has approved the

following codes for use at Hanford to conduct environmentaland health dose

assessments:

• GENII - Version 1.485 - This version, along with the associated
parameters,was approved by HEDOP at the March 5, 1990, meeting of
the Panel. The GENII code is documented in Napier et al.
(1988a-c).

• AIRDOS-EPA - The C/P-88 (Beres 1990) and AIRDOS-PC (USEPA 1989)
versions of the AIROOS-EPA code were approved for use by HEDOP at
the May 16, 1991. meeting of the Panel. (A copy of the Section
from the HEDOP Policy Manual(_ entitled "Guidance for Using EPA-
Approved Computer Codes for EnvironmentalDose Calculationsat
Hanford" is provided in Appendix F.I.) The Panel noted that even
though the AIRDOS-EPA codes may not realisticallyrepresent the
environmentalconditions at Hanford, they are required by 40 CFR
61 (1989) and, therefore, should be used as required.
Furthermore,HEDOP also recommendedto the U.S. Department of
Energy's Richland Field Office that when a version of AIRDOS-EPA
is used as required by regulations,each evaluation should also be
accompaniedby an evaluation using the HEDOP-approvedversion of
GENII.

Contact the Executive Secretary of HEDOP for informationon how to gain access

to the above codes. The name, address, and phone number of the current

Executive Secretary are provided in Appendix C.2.

F.I.1 REFERENCES

40 CFR 61. 1989. U.S. EnvironmentalProtectionAgency, "National Emission
Standards for HazardousAir Pollutants;Radionuclides;Final Rule and Notice
of Reconsideration." U.S. Code of Federal Requlations.

Beres, D. A. 1990. The Clean Air Act Assessment Packaqe-1988 (CAP-88). A
Dose and Risk Assessment Methodoloqy for RadionuclideEmissions to Air. Vol.
I, User's Manual. U.S. EnvironmentalProtectionAgency, Office of Radiation
Programs, Washington,D.C.

('_)Policy Manual of the Hanford EnvironmentalDose Overview Panel, dated
September 25, 1991.

I Report: RECOMMENDEDENVIRONMENTALDOSECALCULATIONMETHODSAND HANFORD-SPECIFICPARAMETERS(PNL-3777 Rev 2)

Append|x: F. 1 CURRENTHEDOP-APPROVEDCODES
Appendix F.1 Revision Number: 0 [HEDOP\PNL-3777.RV2_APF1-APC.933] Appendix F.1 Rev 0
Revision Date: March 1993 Page 3 of 4



Napier, B. A., D. L. Strenge, R. A. Peloquin, and J. V. Ramsdell. 1988a.
GENII - The Hanford EnvironmentalRadiationDosimetry Software.System,
Volume I" Conceptual Representation. PNL-6584 Vol. I, Pacific Northwest
Laboratory, Richland,Washington.

Napier, B A., D. L. Strenge, R. A. Peloquin, and J. V. Ramsdell. 1988b.
GENII - The Hanford EnvironmentalRadiationDosimetr.ySoftware System,
Volume 2" Users' Manual. PNL-6584 Vol. 2, Pacific Northwest Laboratory,
Richland, Washington.

Napier, B. A., D. L. Strenge, R. A. Peloquin, and J. V. Ramsdell. 1988c.
GENII - The Hanford EnvironmentalRadiation Dosimetry Software S.vstem,
Volume 3" Code Maintenance Manual PN[L6584 Vol. 3, Pacific Northwest
Laboratory,Richland, Washington.

U.S. EnvironmentalProtection Agency (USEPA). 1989. User's Guide for AIRDOS-
PC. Version 3.0. EPA/520/6-89-035,EPA Office of Radiation Programs, Las
Vegas, Nevada.

d
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APPENDIXF.2

HEDOPGUIDANCEFOR USINGEPA-MANDATEDCODESAT HANFORD
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APPENDIX F.2

HEDOP GUIDANCE FOR USING EPA-MANDATEDCODES AT HANFORD

Guidance provided by the Hanford EnvironmentalDose Overview Panel

(HEDOP)on the use of versions of the AIRDOSE-EPAcode, as listed in the

Po!_icvManual(a)oF the Panel, is presented below.

(a) Policy Manual of the Hanford EnvironmentalDose Overview Panel, dated
September 25, 1991.
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COMPUTER CODES FOR ENVIRONMENTALDOSE
CALCULATIONSAT HANFORD

Approved by" Oriqinal siqned by Janet S. Davis
Janet S. Davis, HEDOP Chairperson

Summary

U.S. EnvironmentalProtection Agency (EPA)-mandatedcompliance computer codes
should be used for environmentaldose calculationsat Hanford only to the
extent required by EPA, Washington State - Department of Health (WDOH), and
U.S. Department Of Energy regulations (DOE), unless their use is specifically
approved by the Hanford EnvironmentalDose Overview Panel (HEDOP). The EPA
codes are national compliance dose codes that use generic parameters which may
not be representativeof environmentalexposure conditions at Hanford. The
HEDOP has developed a disclaimer statement that should be used in any document
referencingor using an EPA-mandatedcompliance dose code.

Background

The EPA _,_ the WDOH have _a_tablishedrequirementspertaining to radioactive
emissions from facilities. The requirementsplace a limit on the offsite
dose resu;ting from annual emissions of radioactivematerials from a facility
and 1'equireagency approvals for constructionof new or modificationof
existing sources. The agencies further require that compliance evaluations of
offsite dose be performed using methods that are approved by the EPA.

The HEDOP has establishedthe computer code GENII as a recommendedmethod for
calculationof environmentalradiation doses that might result from the
release of radioactive materials from Hanford operations; however, GENII has
not been approved by the EPA. Therefore, compliance assessments required by
the EPA and WDOH cannot be performed using GENII. As a result, the HEDOP has
establishedguidelines fo: using EPA compliance codes for all environmental
dose calculationsthat fall under its purview. The purpose of the guidelines
is to assist Hanford users in applying the codes in a consistent and
appropriatemanner.

(a) U.S. EnvironmentalProtectionAgency, 40 CFR Part 61, "l_lational'Emission
Standards for Hazardous Air Pollutants (NESHAPS)".

Washington State Department of Health, WAC 402 - 80, "Monitoringand
Enforcementof Air Quality and Emission Standards for Radionuclides".
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COMPUTER CODES F09 ENVIRONMENTALDOSE
CALCULATIONSAT HANFORD

Guidance for Use of EPA Compliance Codes

This guidance pertains to use of EPA compliance codes for all applications
that fall under the purview of the HEDOP. Two basic types of compliance
assessments are performed:

I. Prospective compliance evaluations:

Calculationsbased on assumed projectedemissions to support
notification/approvalefforts for new constructionor modification
to existing facilities as required by EPA and WDOH.

2. Retrospectivecompliance assessments:

Calculationsperformedto assess compliance of past air emissions
with EPA's and/or WDOH's emission standards.

Requirements

The following provides general requirementsfor use of EPA compliance codes as
well as specific requirementsbased on whether the code is used for
prospectiveor retrospectivecompliance assessment.

General Requirements:

i. EPA compliance codes (eg., AIRDOS-PC, CAP-88), be used only in the
following circumstances:

- if required by the EPA and/or WDOH for compliance evaluationsor
assessments,

- if required by DOE,

- if the applicationis specificallyapproved by HEDOP.

2. Documents that referenceor includediscussion of Hanford environmental
dose calculationsperformed using an EPA compliance method shall include
the following statement:

"Note: < computer code > is a mandated compliance assessment
method that may not provide realistic estimates of environmental
doses for Hanford applications."

3. Each environmentaldose calculation,performedusing an EPA compliance
code, shall be reviewed by a HEDOP-approvedreviewer.
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COMPUTERCODESFOR ENVIRONMENTALDOSE
CALCULATIONSAT HANFORD W

Requirements for RetrospectiveAssessments:

I. Retrospectivedose calculationsshall be performed using CAP-88 with
Hanford site specific input parameters to maximize the appropriateness
of the calculated dose.

2. A concurrent retrospectivedose calculation shall also be performed
using GENII. To the extent possible, site specific input parameters and
data should be consistent between the two codes.

3. All documentationof retrospectivedose calculationsperformed using
CAP-88 shall also state the GENII calculated dose.

4. The compliance dose calculation shall represent the highest effective
CAP-88 dose equivalent to any member of the public at any offsite point
where a residence, school, business,or office exists. All applicable
pathways considered by CAP-88 must be included.

Requirementsfor ProspectiveAssessments:

I. Prospectivedose calculationsmay be performed using any applicable EPA-
approved compliance code.

2. Where the code permits modificationof default input parameters to
accommodate site specific conditions,use of this capability is left to
the discretion of the user. Hanford specific input parameters must
conform to recommendationsof the HEDOP.

3. Prospectivedose calculationsdo not require that a concurrent
calculation be performed using GENII. However, sufficient information
should be maintained for each prospective dose calculation so that a
GENII calculation can be performed at a later date.

4. The receptor for calculationof offsite dose should be the offsite
locationwhere a residence, school, business, or office is or could be
located that results in the maximum calculated dose as a result of the
release quantity associatedwith the proposed activity. All pathways
considered by the compliance code used for the calculationmust be
included.
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APPENDIX G.I

HANFORD SITE DESCRIPTION

Most of the following informationon the environmentaldescription of

the Hanford Site was taken from Woodruff and Hanf (1992). Additional

informationabout the Site is also provided in Cushing (1992).

G.I.1 SITE ENVIRONMENT

The Hanford Site lies within the semiarid Pasco Basin of the Columbia

Plateau in south central Washington state (see Figure G.I.1). The Columbia

River flows eastward through the northern part of the Site and then turns

south, forming part of the eastern boundary. The Site occupies an area of

about 1,450 km2. This relatively large area, with restricted public access,

provides a buffer for the locations on the Site that have been used for the

production of nuclear materials, waste storage and disposal, and energy

research and development. About 6% of the land area has been disturbed and is

actively used. Land areas to the west, north, and east of the Site are

principally range and irrigatedfarm lands. The cities of Richland,

Kennewick, and Pasco (i.e., the Tri-Cities)constitute the nearest population

center and are located south and southeast of the Site. Smaller communities

are also located in the counties surroundingthe Site (i.e., Adams, Benton,

Franklin,Grant, Walla Walla, and Yakima counties). Current estimates of the

number of people living within 80 km of the major operational areas on the

Hanford Site are presented in Appendix G.2.

G.I.2 LAND USE

The Hanford Site consists of four major operational areas:

• The six 100 Areas, borderingon the right bank (south shore) of
the Columbia River, are the sites of the g retired plutonium
production reactors. The 100 Areas occupy about 11 km_.

• The 200-West and 200-East Areas are located about in the middle of

the Site on a plateau approximately8 and 11 km, respectively,
south of the Columbia River. These areas historicallyhave been
dedicated to fuel reprocessingand waste management and disposal
activities. The 200 Areas cover about 16 km2.e
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Figure 6.1.1 Hanford Site
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• The 300 Area, locatedjust north of the city of Richland, is the
site of research and development activities, lt occupies about
2 km2.

• The 400 Area, located about 15 km northwestof the city of
Richland, is the site of a test breeder reactor system, lt
occupies about 2 km2.

The area along the south-westernboundary of the Site is designated as the

Arid Lands Ecology Reserve. The western portion of the Site located north of

the Columbia River is designated as the U.S. Fish and Wildlife Service Saddle

Mountain National Wildlife Refuge; the portion on the east is the Washington

State Department of Game Reserve. These three areas total about 655 km2.

Land use surrounding the site includes urban and industrialdevelopment,

irrigatedand dryland farming, and grazing. In 1989, wheat represented the

largest single crop in terms of area planted in Benton and Franklin Counties

(i.e., 87,412 ha). Corn, alfalfa, potatoes, asparagus, apples, cherries, and

grapes are other major crops. More than 20 processors in Benton and Franklin

Counties process food products, including potato products, canned fruits and

vegetables,wine, and animal feed.

G.I.3 CLIMATE AND METEOROLOGY

The Cascade Mountains beyond Yakima to the west greatly influencethe

climate of the Hanford Site. This range creates a rain shadow effect and also

serves as a source of cold air drainage,which has a considerableeffect on

the wind regime.

The prevailing wind direction on the 200 Area plateau is from the

northwest in all months of the year. The secondarywind direction is from the

southwest. Summariesof wind direction indicate that winds from the northwest

quadrant occur more often during the winter and summer. During the spring and

fall, the frequencyof southwesterlywinds increaseswith a corresponding

decrease in northwest flow. Monthly average wind speeds are lowest during the

winter months (averaging 10 to 11 km h-I)and highest during the summer

(averaging 14 to 16 km h-l). Wind speeds that are well above average are

usually associated with southwesterlywinds. However, the summertime drainage

winds are generally northwesterlyand frequently reach 50 km h-I. These winds

are most prevalent over the northern portion of the Site.
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Diurnal and monthly averages and extremes of temperature,dew point, and

humidity are given by Stone et al. (1983). The record maximum temperature is

46 °C, and the record minimum temperature is -32.8 °C. For the period 1912

through 1980, the average monthly temperaturesranged from a low of -1.5 °C in

January to a high of 24.7 °C in July. During the winter, the highest monthly

average temperatureat the Hanford MeteorologicalStation (HMS) was 6.9 °C,

and the record lowest was -5.9 °C; both occurred during February. During the

summer, the record maximum monthly average temperaturewas 27.9 °C (in July),

and the record lowest was 17.2 °C (in June). The annual average relative

humidity at HMS is 54%. lt is highest during the winter months, averaging

about 75%, and lowest during the summer, averaging about 35%. Average annual

precipitationat HMS is 16 cm. Most of the precipitationoccurs during the

winter, with nearly half of the annual amount occurring in the mo_ths of

November through February.

Atmospheric dispersion is a function of wind speed, duration and

direction, atmospheric stability, and mixing depth. Dispersion conditions are

generally good if winds are moderate to strong, the atmosphere is of neutral

or unstable stratification,and there is a deep mixing layer. Good dispersion

conditions associated with neutral and unstable stratificationexist about 57%

of the time during the summer. Less favorabledispersion conditions may occur

when the wind speed is light and the mixing layer is shallow. These

conditions are most common during the winter, when moderately to extremely

stable stratificationexists about 66% of the time. Occasionally there are

extended periods of poor dispersion conditions, primarilyduring winter

months, that are associatedwith stagnant air in stationaryhigh-pressure

systems.

G.I.4 GEOLOGY

Principal geologic units beneath the Hanford Site include, in ascending

order, the Columbia River Basalt Group, the Ringold Formation, and a series of

deposits informally referred to as the Hanford formation. These units are

covered locally by a few meters or less of recent alluvial or windblown

deposits. Older geologic units have been deformed into a series of roughly

east-west trending folds.
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The Columbia River Basalt Group is composedof numerous basaltic lava

flows. River and lake sediments of the Ringold Formation contain a wide range

of sediment types, with beds ranging from weakly cemented coarse sandy gravel

to compacted silt and clay. Within the Pasco Basin, the Hanford formation

consists of mostly coarse gravel and sand that overlie the eroded surface of

the Ringold Formation, but in places the Hanford formation directly overlies

basalt. Near the 200 West Area, the Ringold and Hanford formations are

separated by a well-developed buried soil (Plio-Pleistocene unit) and fine-

grained wind deposits (early "Palouse" soil) (Last et al. 1989). Hajek (1966)

lists and describes 15 different soil types on the Site, varying from sand to

silty and sandy loam.

G.1.5 GROUND-WATERHYDROLOGY

Both confined and unconfined aquifers are present beneath the Hanford

Site. The confined aquifers, where ground water is under pressure greater

than that of the atmosphere, are found primarily within the Columbia River

basalts. In general, the unconfined or water-table aquifer is located in the

Ringold Formation and glaciofluvial sediments, as well as somemore recent

alluvial sediments in areas adjacent to the Columbia River (Gephart et al.

1979). This relatively shallow aquifer has been affected by waste-water

disposal at Hanford (Graham et al. 1981). Therefore, the unconfined aquifer

is the most thoroughly monitored aquifer beneath the Site.

The unconfined aquifer is bounded below by either the basalt surface or,

in places, the relatively impervious clays and silts of the Ringold Formation.

The water table defines the upper boundary of the unconfined aquifer.

Laterally, the aquifer is bounded by the basalt ridges that surround the basin

and by the Yakima and Columbia rivers. The basalt Pidges have a low

permeability and act as a barrier to lateral flow of ground water (Gephart et

al. 1979) where they rise above the water table. The saturated thickness of

the unconfined aquifer is greater than 61 m in some areas of the Hanford Site

and pinches out along the flanks of the basalt ridges. Depth from the ground

surface to the water table ranges from less than 0.3 m at the Columbia River

to more than 106 m in the center of the Site.
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Rechargeto the unconfined aquifer originates from several sources

(Grahamet al. 1981). Natural recharge occurs from precipitation at higher
elevations and runoff from intermittent streams, such as Cold Creek and Dry

Creek on the western margin of the Site. The unconfined aquifer is recharged

by the Yakima River as it flows near the southwest boundary of the Hanford

Site. The Columbia River recharges the unconfined aquifer during high stages

when river water is transferred to the aquifer along the river bank. The

unconfined aquifer receives little, if any, recharge from precipitation

directly on vegetated areas of the Hanfor_ Site because of a high rate of

evapotransptratton by the vegetation.

Large-scale artificial recharge occurs from offsite agricultural

irrigation and liquid-waste disposal tn the operating areas. Recharge from

irrigation in the Cold Creek Valley enters the Hanford Site as ground-water

flow across the western boundary. Rechargeto ground water across the

Columbia River from the Hanford Site is primarily from irrigation and

irrigation canal leakage.

The operational discharge of water has created ground-water moundsnear

each of the major waste-water disposal facilities in the 200 Areas. These

moundshave altered the aquifer's local flow pattern, which is generally from

the recharge areas in the west to the discharge areas (primarily the Columbia

River) in the east. Water levels in the unconfined aquifer have changed

continually during Site operations becauseof variations in the volume of

waste water discharged. Consequently, the movementof ground water and its

associated constituents has also changedwith time.

Ground-water moundingalso occurs in the lO0 and 300 Areas. Ground-

water moundingin these areas is not as signifi6ant as in the 200 Areas

because of differences in discharge volumesand subsurface geology. In the

lO0 and 300 Areas, water levels are also greatly influenced by river stage.

As significant quantities of liquid effluents are discharged to the

ground at Hanford facilities, these effluents percolate downwardthrough the

unsaturated zone to the water table. As effluents movethrough the

unsaturated zone, adsorption onto soil particles, chemical precipitation, and

ion exchangeattenuate or delay the movementof someradionuclides (e.g., Sr,
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Cs, and Pu). These corJstituentsmove through the soil column at varying rates

and eventually enter the ground water. Other ions, such as nitrate, and

radionuclides,such as H, Tc, and I, are not as readily retained by the soil

and move downgradient in the same direction as, and at a rate nearly equal to,

the flow of ground water. When the liqllideffluents reach the ground water,

their concentrationsare reduced by dilution. As these constituentsmove with

the ground water, radionuclideand chemical concentrationsare further reduced

by spreading (dispersion),and radionuclideconcentrationsare reduced by

radioactivedecay.

G.I.6 SURFACE-WATERHYDROLOGY

The Columbia River is the dominant surface water body on the Site. The

Columbia, which originates in the mountains of eastern British Columbia,

Canada, drains a total area of approximately70,800 kmz enroute to the Pacific

Ocean. Flow of the Columbia River is regulated by 11 dams within the United

States, 7 upstream and 4 downstream of the Site. Priest Rapids is the nearest

dam upstream of the Site, and McNary is the nearest dam downstream. The

Hanford Reach of the Columbia River extends from Priest Rapids Dam to the head

of Lake Wallula (created by McNary Dam), near Richland. This Reach is the

last stretch of the Columbia River in the United States above Bonneville Dam

that remains unimpounded. The width of the river varies from approximately

300 m to 1,000 m within the"Hanford Site.

Flows in the Hanford Reach fluctuate significantlybecause of the

relatively small storage capacities and the operationalpractices at upstream

dams. Flow rate of the Columbia River through the Site is regulated primarily

by Priest Rapids Dam. Flow rate of the Columbia River through the Site is

regulated primarily by Priest Rapids Dam. Typical daily flows range from

1,000 m3 s"Ito 7,000 m3 s"I,with peak spring run-off flows of up to
-I

12,600 m3 s _. The minimum regulated flow is 1,020 m3 s-I. Typical annual

average flows at Priest Rapids Dam are 2,800 m3 sI to 3,400 m3 sI. Monthly

mean flows typically peak from April through June and are lowest from

September through October.

The temperature of the Columbia River varies seasonally. Minimum

temperaturesare observed during January and February, and maximum

mlReport: RECONNENDEDENVIRONMENTALDOSECALCULAT,!ONNETHODSAND HANFORD-SPECIFICPARANETERS(PNL-3lll Rev 2)

Appendix: G.I HANFORDSITE DESCRIPTION

Appendix G.l Revision Ntmber: O [HEDOP\PNL-37/l.R¥2\APGI-HSD.933] Appendix G.I Rev O
RevisionDate: March 1993 Page 9 of 12



temperaturestypically occur during August and September. Mean monthly

temperaturesfor the river range from approximately3 °C to about 20 °C during

a year. Solar radiation,water storagemanagement practices at upstream dams,

and water flow rate dictate, to a large extent, the thermal characteristicsof

the Columbia River along the Hanford Reach.

The Columbia River has been developed extensively for hydroelectric

power, flood control, navigation, irrigation,and municipal and industrial

water supplies. In addition, the Hanford Reach is used for a variety of

recreationalactivities, including fishing, hunting, boating, water skiing,

and swimming. The state of Washington has classified the stretch of the

Columbia River from the Washington-Oregonborder to Grand Coulee Dam (which

includesthe Hanford Reach) as Class A (Excellent)and has establishedwater

quality criteria and water use guidelines that are appropriate for this class

designation.

G.I.7 {COLOGICAL CHARACTERISTICS

The Hanford Site is a relatively large, undisturbedarea that contains

numerous plant and animal species adapted to the region's semiarid

environment. The vegetation mosaic of the Site consists of eight major plant

communities: I) sagebrush/bluebunchwheatgrass, 2) sagebrush/cheatgrassor

sagebrush/Sandberg'sbluegrass, 3) sagebrush-bitterbrush/cheatgrass,4)

greasewood/cheatgrass-saltgrass,5)winterfat/Sandberg'sbluegrass, 6) thyme

buckwheat/Sandberg'sbluegrass, 7) cheatgrass-tumblemustard, and 8) willow.

More than 240 species of plants have been identifiedon the Hanford Site

(USERDA 1975).

More than 300 species of terrestrialand aquatic insects, 12 species of

reptiles and amphibians, 44 species of fish, 187 species of birds, and about

39 species of mammals have been found on the Hanford Site (Cushing 1992).

Deer and elk are the major large mammals on the Site; coyotr.sare plentiful,

and the Great Basin pocket mouse is the most abundant mammal. Waterfowl are

numerous on the Columbia River, and the bald eagle is a regular winter visitor

along the river. Salmon and steelhead are the fish species of most interest.

There are two types of natural aquatic habitats on the Hanford Site -- one is

the Columbia River, and the other is provided by the small spring-Fed streams
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and seeps located mainly on the Arid Lands Ecology Reserve located along the

eastern side of RattlesnakeMountain. These include RattlesnakeSprings, Dry

Creek, and Snively Springs. West Lake, a small natural pond, is located north

of the 200-East Area. Several artificialwater bodies, both ponds and

ditches, have been formed as a result of waste-water disposal practices

associatedwith the operation of the reactors and separation facilities;these

water bodies form established aquatic ecosystems complete with representative

flora and fauna (Emery and McShane 1980).
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APPENDIX G.2

e
RESIDENTIAL POPULATION DISTRIBUTIONSWITHIN 80 KM OF THE HANFORD SITE AREAS

The number of residents living within specified areas (i.e., 100, 200,

300 and 400 Areas) of the Hanford Site are presented in the following tables

(i.e., G.2.1-4). The values were taken from Beck et al.(a)and are based on

the 1990 census.

(a) Beck, D. M., M. J. Scott, M. D. Davis, S. F. Shindle, B. A. Napier, A.
G. Thurman, D. B. Pittenger, and N. C. Batishko. 1991. Hanford Area
1990 Populationand 50-Year Projections. PNL-7803, Pacific Northwest
Laboratory, Richland,Washington.

I Report: RECONHENDEDENVIRONHENTALDOSE CALCULATIONNETHODSAND HANFORD-SPECIFICPARAHETERS (PNL-3777Rev 2)

Appendix: G.2 RESIDENTIALPOPULATIONDISTRIBUTIONSWITHIN 80 I(14OF THE HANFORD SITE AREAS

UAppendix G.2 Revision Number: 0 [HEDOP\PNL-3711.RV2_APG2-POP.933] Appendix G.2 Rev 0
Revision Date: Harch 1993 Page 3 of 6

|







THIS PAGE BLANKINTENTIONALLY

Report: RECOMMENDEDENVIRONMENTALDOSECALCULATIONMETHODSAND HANFORD-SPECIFICPARAMETERS(PNL-3777 Rev 2)
Appendix: G.2 RESIDENTIALPOPULATIONDISTRIBUTIONSWITHIN 80 KN OF THE HANFORDSITE AREAS
Appendix G.2 Revision Number: 0 [HEDOP\PNL-377/.RV2\APG2-POP.933] Appendix G.2 Rev 0
Revision Date: March 1993 Page 6 of 6



APPENDIXH.I

ATMOSPHERICDISPERSIONMODELINGAT HANFORD

I Report: RECOMMENDEDENVIRONMENTALDOSE CALCULATIONMETHODS AND HANFORD-SPECIFICPARAMETERS (PNL-3777Rev 2)

Appendix: H.1 ATMOSPHERICDISPERSIONMODELINGAT HANFORD
Appendix H.1 Revision Number: O [HEDOP\PNL-3777.RV2\APHI-ADN.933] Appendix H.I Rev O
Revision Date: Narch 1993 Page I of 8



THIS PAGEBLANKINTENTIONALLY

Report: REC_..ENDEDENVIRO.-m_..ENTALDOSECALCULATIONHETHOI)SkNI) HANFORD-SPECIFICPARAMETERS(PNL-3777 Rev 2)

Appendix: H.I ATNOSPHERICDISPERSIONNODELIN6AT HANFORD
Appendix H.1 Revision N,,aber: 0 [HEDOP\PNL-3777.RV2\APHI-ADIq.933] Append|x H.1 Rev 0
Revts|on Date: Harch 1993 Page 2 of 8



APPENDIX H.I

ATMOSPHERIC DISPERSION MODELING AT HANFORD

Modeling atmospheric dispersion at Hanford is based on the joint

frequencyof occurrence of wind direction,wind speed, and atmospheric

stability. The sources of meteorologicaldata used to generate joint

frequency tables are

• wind and temperaturedata from the Hanford MeteorologicalStation
(HMS), which is located just east of the 200 West Area

• wind data from the remote meteorologicalstations located on the
Site that are collected via a telemetry system

• surface weather observationsmade by thr weather forecasting staff
at HMS.

H.I.! JOINT FREQUENCY DISTRIBUTIONS

To assemble joint frequency tabIGs (see Appendix H.3 for the most

recently compiled joint frequencydistributions),wind directions are first

distributed into 18 classes. The first 16 classes correspond to the compass

points N, NNE, NE, etc. The other two classes are "variable" and "calm."

Prior to computing the joint frequencyvalues, the entries in the variable and

calm classes are distributed in the lowest wind speed class in proportion to

the occurrence of direction in that class. Eight wind speed classes are used

as defined in Table H.I.1.

TABLE H.I.I Wind Speed Classifications

Wind Speed (m sec"I)
Classification Range .. Median

I <I.8 0.89
2 1.8- 3.6 2.7
3 3.6 - 5.8 4.7
4 5.8 - 8.5 7.2
5 8.5- 11. 9.8
6' 11. - 14. 13.
7 14. - 17. 16.
8 >17. 19.

I|
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Frequenciesof occurrence of wind speeds and directions are summarized

as functions of the 7 atmospheric stabilityclasses shown in Table H.I.2.

Prior to March 1983, atmospheric stabilitieswere determined at HMS using the

Pasquill-Giffor_-Turner(Gifford 1968; Turner 1969) approach based on sky

cover and/or wind speed. Since then, they have been determined using the

temperaturegradient method as described in the U.S. Nuclear Regulatory

Commission'sRegulatory Guide 1.23 (USNRC 1974).

The stability as observed at HMS is assumed to be representativefor all

locations on the Hanford Site. This assumption is reasonable for estimating

_/Q' as long as climatologicalmodels are used. However in the event of an

actual release, the assumption must be re-evaluatedin the context of the

actual meteorologicalconditions during and after the release.

Separate joint frequency distributionshave been compiled for surface

and elevated (i.e., 89-m) releases. Both distributions at HMS were determined

using observed data directly. For surface releases at other locations, the

local surface wind data and the HMS atmosphericstability data were used to

generate the distributions. Finally, for elevated releases for other

locations, the distributionswere generated from

• the local wind direction

• a wind speed estimated from the local wind speed

• a correction factor determined from the vertical profile of the
wind data collected on the tower at HMS along with the HMS
stability data.

The wind speed correction factor is based on the assumption that the wind

TABLE H.I.2 Atmospheric Stability Classifications(from USNRC 1974)

StabiIity PasquiIl
Classification CBtegorv

Extremely unstable A
Moderately unstable B
Slightly unstable C
Neutral D
'Slightlystable E
Moderately stable F
Extremely stable G
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speed profile can be adequately representedby a power law. The correction

further assumes that the wind speed shears at HMS are representativefor the

entire Hanford Site.

Atmospheric dispersion factors have been calculated for both chronic and

acute releases using the joint frequency distributions. The models used for

the computations are based on the Gaussian plume diffusion model (Gifford

1968). A sector-averagemodel was used for chronic release _/Q' estimates.

Estimates of E/Q were made for acute releases using a Gaussian plume model

assuming that the receptor is located at the center of the plume. For all

computations, it was assumed that the ground reflected the plume without

depleting it.

H.I.2 CHRONIC RELEASES

For chronic releases, the sector-averagemodel, described by Gifford

(1968) and in USNRC's Regulatory Guide 1.111 (USNRC 1977), is shown below:

0 z X U Oz]

where, _/Q' -joint frequency value (sec m"3)

az - the vertical diffusion coefficient (m)

x = the downwind distance (m)

u - the wind speed (m sec"I)

he = the effective release height (m)

F = the frequencyof occurrence of a joint wind direction, wind
speed, and stability class from the joint frequency table.

The constant, 2.032, comes from the constants in the Gaussian plume equation

and the relationshipbetween sector width and downwind distance.

Diffusion coefficientsare functions of atmosphericstability and

distance from the source. The wind speed is an average for the wind speed

class and should be the wind speed at the effective release height. This is

the reason for developing separate joint frequencytables for sHrface and

elevated releases. As a result of the double summationover atmospheric
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stability and wind speed, the chronic release_/Q' values are functions only

of wind direction and distance from the source. They have dimensions of
-3

sec m .

The diffusion coefficients used in the_/Q' computations were developed

by Briggs (1973) to represent diffusion over open country. They are based on

diffusion data from a variety of locations and, in that respect, are more

representativethan the familiar Pasquill-Giffordcurves. In addition, the

coefficientsare defined mathematicallyrather than graphically as are the

Pasquill-Giffordcurves.

H.I.3 ACUTE RELEASES

For acute releases, the items of interest are specific points on the

one-hour average E/Q frequencydistribution (i.e., values of E/Q that are

exceeded no more than 0.5, I, 5, 10 or 50% of the time). When used to compute

E/Q values for this purpose, the sector-averagemodel resembles the equation

above, except that F does not appear and the double summation does not take

place. Values of E/Q are computed and stored as functionsof wind direction,

wind speed, atmospheric stability and distance. These values are then paired

with the corresponding frequencies in the joint frequencytable. For each

wind direction and distance, the frequenciesare adjusted to give 100% in each

direction, the paired values are arranged in order according to the magnitude

of E/Q, and the required points in the frequencydistributionare determined

by interpolation.

A centerline Gaussian plume model has also been used to estimate E/Q for

acute releases. The equation for this model is shown below:

exoE/Q = x a, ay u

where a = the horizontal diffusion coefficient (m).
y

The other variables remain as previously defined. The constant, I, has been

adjusted to account for the differences between the sector-averageand

centerline models.
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APPENDIX H.2

IMPLEMENTATIONAND USE OF THE ATMOSPHERICDISPERSION MODELS IN GENII

The GENII computer code (Napier et al. 1988a-c) incorporatesa straight-

line Gaussian plume atmosphericdispersion model for estimating downwind

concentrationsof radionuclidesfollowingrelease to the atmosphere. The

model as implementedin the code is capable of simulating a variety of release

conditions, including acute or chronic emissions, variable release height,

momentum or buoyant plume rise, and building wake effects, lhe atmospheric

transport model also interactswith the external dosimetry model to produce

estimates of the air submersion dose from either a finite or semi-infinite

plume. The followingexplanation of the operation of these models is provided

as a concise practicalguide for implementingthe options provided in the code

and, in some cases, to supplement informationprovided in the code

documentation.

H.2.1 CHRONIC RELEASE OPTIONS

Several options are available in the GENII code for evaluating

atmosphericdispersion of chronic emissions from a point source. Th.ecode

evaluates atmospheric transport using atmosphericdispersion factors (i.e.,

_/Q'). The _/Q' values represent the projected average concentrationof

radionuclides in air at a downwind location normalized by the rate in which

the radionuclidesare released from the source (e.g., Bq m-3divided by

Bq sec-l). Therefore, the units of _/Q' are sec m-3.

The code has the flexibilityto either accept pre-calculated_/Q'

values, or to calculate them from meteorologicalinformation in the form of

joint frequency distributionsof wind direction,wind speed, and atmospheric

stability. (Joint frequency distributionsfor the Hanford Site, based on 1983

through 1991 meteorologicalobservations,are tabulated in Appendix H.3.) If

the _/Q' values are calculated from joint frequencydata, the code assumes

annual average atmosphericconditions and a uniform radionucliderelease rate

from the source.

li
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For population dose calculations,the population-weighted_/Q' values

are used to represent collective exposure resulting from the dispersed

atmospheric emissions in the region surrounding the source. The population-

weighted _/Q' represents the average_/Q' for a given location multiplied by

the number of individuals in the correspondingsector for which that level of

exposure applies. Therefore, the units of population-weighted_/Q' are

person sec m-3. In practice, the population-weighted_/Q' is generally

calculated by dividing a circular area around the source into a grid of 16

compass directions by a number of distances out to 80 km (approximately50

miles) from the source. The population residing in each sector of the

circular grid is determined, and the _/Q' is calculated for a location

correspondingto the center of each sector. The population-weighted_/Q' is

the sum of the products of population and _/Q' for each sector.

For a chronic release population dose calculation,the GENII code will

calculate the population-weighted_/Q' values if the population data and

meteorological information,in the form of either a _/Q' grid or a joint

frequencydata set, are provided. Populationand meteorologicaldata are

supplied to the code via text files formatted as described in the code

documentation. For the population and _/Q' grids, the circular area within

80 km of the source is divided into a series of up to 10 concentric rings.

The population within the 80-km area is then distributed among these rings in

each of the 16 compass directions to produce an array containing 160 values.

If a _/Q' grid is supplied by the user, the distances and directions must

correspond to those used for the population grid. The code will calculate the

_/Q' grid if joint frequencydata are provided. The user will be requested to

supply additional informationabout the source, includingthe release height

and other stack parameters needed to calculate plume rise, if applicable. If

either population distributionsor meteorologicaldata are unavailable,the

GENII code will also accept a precalculatedpopulation-weighted_/Q'. If

precalculated_/Q' values are used, the code cannot account for radioactive

decay of short-livedradionuclides in transit from the source to the receptor.

Distances for the 10 concentric rings in the _/Q' and population grids

are supplied to the code via the DEFAULT.IN file, which may be modified using

a text editor. For a population calculation,the distance values in the
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DEFAULT.IN file are assumed to correspond to the midpoints of each of the 10

radial rings, and the _/Q' values are calculated for those distances. For

example, the population residing between 10 and 20 miles from the source in a

northerly direction is evaluated in the code as if the entire population in

that sector were located at a point 15 miles north of the source.

For an individual dose calculation,the code will also accept a

precalculated_/Q' value. The user may also specify the location of an

individualreceptor in terms of distance and direction from the source, in

which case the code calculates the-_/Q' for that location. This option

requires the user to supply meteorologicalinformationabout the source

location in the form of either joint frequency data or a set of pre-calculated

_/Q' values for the circular grid surrounding the source. If a precalculated

_/Q' value or grid is used to determine the receptor air concentration,decay

of radionuclides in transit cannot be accounted for by the code.

If a population distributionand meteorologicalinformationare both

available, the code can also determine the location where individual exposures

would be the highest. The code determines which occupied segment of the

e circular grid has the highest corresponding_/Q' and places the individual at

that location. However, if the grid distances in the DEFAULT.IN file

correspond to sector midpoints, a nonconservativedose estimate may result

because an individualcould theoreticallyreside nearer to the source than the

midpoint of the sector. When using this option to select the maximum

individuallocation, a more conservativeapproach would be to reset the

default distances to represent the near boundary of the sector rather than the

midpoint.

H.2.2 ACUTE RELEASE OPTIONS

The acute exposure models in the GENII code were developed primarily to

provide prospective estimates of potentialaccident consequencesfor facility

siting and safety evaluation purposes. The code was not intended for use as

an emergency response tool, and its application in that manner is not

recommended. From the user's standpoint,the acute atmosphericdispersion

options in GENII operate in a similar manner to those for a chronic release.

However, there are some theoreticaland operationaldifferences of which the

ii
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user should be aware. For a scenario involving an acute atmosphericrelease,

exposure is calculated in terms of a time-integratedair concentrationfor a

finite period rather than the long-term equilibrium air concentrationused for

the chronic case. Although the acute atmosphericdispersion factor has the

same units as the annual average_/Q' calculated for a chronic scenario, the

method used to calculate it differs, and the factor is referred to as E/Q.

The E/Q is based on the total activity of a radionuclidereleased per event,

rather than a continuous average release rate, and atmosphericconditions are

chosen to estimate a concentrationof radionuclides in air that would not be

exceeded at the receptor location for a specified fraction of the time.

Options within the GENII code include calculation of an acute E/Q that

would not be exceeded more than 50%, 25%, 10%, 5%, or 0.5% of the time in a

particular downwind direction. This option is set within th_ DEFAULT.IN data

file, and the initial default setting is 5%. The 5% E/Q has traditionally

been used for safety evaluations and environmentalimpact statements to

estimate the consequencesof low- to moderate- severity accidents. However,

for accident calculations,some regulatory requirements, such as U.S.

Department of Energy Order 6430.IA (USDOE 1989), may specify the use of the

0.5% E/Q in a single directionor the 5% E/Q in all directions, whichever is

greater. For these estimates, the default value for E/Q should be reset to

0.5% to obtain the E/Q for a single direction. The 5% value for all

directions is not calculated by the GENII code, and must be determined

independently.

In an acute scenario, the release is assumed to be of sufficientlyshort

duration that the specifiedmeteorologicconditions remain constant

throughout. In reality, such a situationwould generally be limited to a

period of a few hours, after which changes in wind direction and atmospheric

stabilitywould cause greater dispersion of the plume. For releases that are

substantiallylonger than a few hours, but which cannot be considered chronic

(e.g., those lasting a few days to weeks), a manual interpolationmethod can

be used to estimate an E/Q value intermediatebetween the acute and chronic

values calculated by the code. This can be performed graphically by creating

a log-log plot of the atmosphericdispersion factor versus release time, where

the acute E/Q calculated by the code corresponds to a 2-hour release time, and
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the chronic_/Q' correspondsto a l-year release. If the two points are

connected by a straight line on the logarithmicplot, the E/Q value for an

intermediaterelease time can be read directly from the graph. Alternatively,

the E/Q value for a release of intermediateduration may be calculated using

the following equation, which is a mathematicalrepresentationof the graphic

method:

x/Q_ = exp{[ In (x/Qc/)- in (E/Qa)
In (8766) -in [2[ ][In (Ti) -in (2)] + in (E/Qa)}

where, x/Q'i --dispersion factor at intermediatetime i (sec m-3)

= annual average dispersion factor for an one-year release
x/Q'c (sec m-s)

E/Qa = acute dispersion factor for a two-hour release (sec m-3)

Ti --duration of intermediaterelease (h).

Please note that this method is o,ly an approximation,and may be

significantlyin error at times very near either end of the time spectrum

(i.e., two hours or one year). A model to estimate E/Qs for various time

periods using hourly wind data was under development in the Atmospheric

Sciences Department of Pacific Northwest Laboratory at the time this report

was issued.

The GENII code has two options for calculatingdispersion factors

following an acute release. The E/Q or population-weightedE/Q values may be

supplied directly by the user or the code can be requested to calculate

appropriatevalues for user-specifiedreceptor locations using either a joint

frequency data set or _/Q' grid. In the case of a population scenario, a

population data file will also be requested. When joint frequency data are

used for the disper_sioncalculation,the code requires additional information

about release conditions, including releaseheight and, if applicable,

additional facility parameters for the plume rise and building wake models.

Because atmospheric conditions are assumed to remain constant during an acute

release, the populationdose is only estimated for a single downwind

direction, rather than for the entire circular grid surroundingthe source as
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in a chronic case. Also, the code cannot identify the location of the

maximally exposed individualor population sector for an acute release

scenario -- these must be predeterminedby the user. Exposure of the

receptor(s) to the plume is based on a user-providedvalue expressed as a

fraction of the total plume passage time, assuming a uniform release rate. If

the release rate is markedly nonuniform, as from a pressurizedcontainer, it

would be preferable to divide the release into a number of phases and perform

a separate dispersion and dose calculation for each phase of the release.

H.2.3 OPTIONAL MODELS

When the GENII code is requested to calculate dispersion factors for

atmosphericreleases using joint frequency data in either chronic or acute

cases, the user will be requested to supply additional information about

release conditions. The downwind concentrationof radionuclidesfollowing an

atmospheric release is a function of the height at which the release occurs,

the atmosphericconditions during the release period, the interactionof the

plume with nearby structures,and the distance and direction to the downwind

receptor. Atmospheric conditions are determined by the code using joint

frequencydata. The receptor location(s)may be specified by the methods

described previously for particular scenarios. The effective release height

and the effect of adjacent structuresmay be determined using special models

for plume rise and building wake effects within the code, respectively, at the

user's option.

Plume rise models are used within the code to calculate an effective

stack height when the airborne effluent from a facility has an upward momentum

that carries it higher than the physical exit point of the stack or vent

before the plume is dispersed in a horizontal direction. This effect may

result from forces such as the momentum of a high velocity effluent stream or

the thermal buoyancy of an effluent stream that exits the stack at a

temperature substantiallyhigher than the ambient temperature. As a

conservativeestimate for acute scenarios, or when the facility parameters are

not known, the physical release height is often used as the effective release

height. If the operating parameters of the facility exhaust system are known,

this informationmay be used by plume rise models within the code to calculate

I|
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the effective release height for transport purposes. The effective release

height is a combination of physical release height and plume rise.

Two models for plume rise are available in the GENII code to estimate

the effects of effluent momentum or thermal buoyancy, either individuallyor

in combination. Implementationof these models is described in the code

documentation (Napieret al. Ig88a-c). If the user selects either plume rise

model, the code will request facility informationsuch as the release height,

stack dimensions, effluent flow rate, and effluent temperature. A pre-

calculated effective release height may also be supplied to the code if

available.

A building wake model is available in the GENII code to evaluate the

increaseddispersion that results from turbulence caused by a structure in

close proximity to the effluent release point. The building wake model is

appropriate for situations where effluents exit the facility From a stack or

vent that is less than about 2.5 times the building height, or where there are

other nearby structures of comparable height. The building wake model, as

implementedin GENII, is an empiricalcorrection factor that actually

incorporatescorrectionsfor short-term (i.e., one-hour) plume meander in

addition to the building wake correction. The building wake effect is

maximized at a wind speed of about 4 m sec"I,whereas the plume meander

component becomes more importantat very low wind speeds. If the building

wake model in GENII is not implemented,an external correction for plume

meander may be applied according to U.S. Nuclear Regulatory Commission

recommendations (USNRC 1983). However, the external correction factor for

plume meander should only be used for acute releases, and should not be used

in addition to the building wake model. Informationrequired by the code to

perform calculationsusing the building wake model includes the building

height and its vertical cross-sectionperpendicularto the prevailing wind

direction. In practice, the minimum cross section is typically used to

produce a conservativeestimate where the building orientationwith respect to

wind direction cannot be predicted. The GENII code only implementsthe

building wake model for acute r_leases where the receptor is located within 10

km of the source; it is relatively insignificantunder other conditions.
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H.2.4 ATMOSPHERIC DISPERSION AND AIR SUBMERSION MOP_L INTERACTIONS

The atmosphericdispersion model within the GENII code estimates

concentrationsof radionuclides in air at downwind receptor locations for use

within the exposure pathway models that ultimately calculate radiationdose.

The dispersion model also interactswith the external air submersion dose

model by providing an estimate of plume size in the lateral and vertical

dimensions. Plume size and other characteristicsof radionuclides in the

cloud determine the external dose to a person submerged in it. For most

purposes, the plume is sufficientlylarge that it can be modeled as if the

receptor were at the center of a "semi-infinite"cloud. However, that

condition does not hold true if the receptor is near the source, where the

plume size is limited or where the center of the plume from an elevated

release may be above the receptor. These two situations are implemented in

the code as the "Infinite Plume" and "Finite Plume" models. If the receptor

is near the source, assuming the receptor is at the center of a semi-infinite

plume, the code can over- or under-estimatethe air submersion dose depending

on the relative size and location of the plume. In this case, use of the

finite plume is recommendedto account for the plume size or to account for

external irradiationof the receptor by radionuclidescontained in an elevated

plume. However, it should be noted the code can produce over-estimatesof the

air submersion dose because building wake and/or plume meander are not

accounted for in the finite plume model.

The finite plume option should not be used where the receptor is more

than 5-10 km from the source, depending on the atmospheric conditions in a

particular scenario, because this model does not account for reflection of the

plume by the atmosphericmixing layer when the plume becomes very large. The

infinite plume model assumes uniform mixing of radionuclides in the atmosphere

between the ground and the mixing layer after the vertical dimension of the

plume becomes equal to the mixing layer height. The finite plume model allows

the plume to expand indefinitelyas it travels downwind from the source. Use

of the model will underestimatethe air submersion dose at distanceswhere the

plume height is greater than the mixing layer height. If the user has a

question as to which model is appropriatefor a given scenario',both models

should be run to determine which results in a higher air submersion dose. In
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practice, this distinction is only importantwhen air submersion is an

importantcomponent of the dose from all pathways considered in the scenario.

lt should also be noted that joint frequencydata must be available to

determine meteorologicalconditions for the scenario under consideration if

the finite plume option is to be used. The Finite plume dimensions cannot be

determined if a _/Q' value or grid is provided by the user rather than having

the code perform the air transport calculations.

H.2.5 R_EFERENCES

Napier, B. A., D. L. Strenge, R. A. Peloquin, and J. V. Ramsdell. 1988a.
GENII_- T_heHanford I_nvironmenta!Radiation Dosimetry Software System,
Vo]ume !:- Conceptual Representation. PNL-6584 Vol. I, Pacific Northwest
Laboratory, Richland, Washington.

Napier, B. A., D. L. Strenge, R. A. Peloquin, and J. V. Ramsdell. 1988b.
GENII - The Hanford EnvironmentalRadiation Dosimetry Software System,
Volume 2" Users' Manual. PNL-6584 Vol. 2, Pacific Northwest Laboratory,
Richland, Washington.

Napier, B. A., D. L. Strenge, R. A. Peloquin, and J. V. Ramsdell. 1988c.
GENII- T_heHanford EnvironmentalRadiation Dosimetry Software System,
Volume 3- Code Maintenance Manual. PNL-6584 Vol. 3, Pacific Northwest
Laboratory, Richland, Washington.

U.S. Department of Energy (USDOE). 1989. General Desiqn Criteria. USDOE
Order 6430.1A (Issued 4-6-8g), Washington, D.C.

U.S. Nuclear Regulatory Commission (USNRC). 1983. Atmospheric Dispersion
Models for PotentialAccident ConsequenceAssessments at NuclearPower Plants.
Regulatory Guide 1.145, Revision I (updated),Office of Nuclear Regulatory
Research, Washington, D.C.

,,,,,__ ,,,.,,, ,,, ,,,

Report: _ECONNENDEDENVIRONNENTALDOSECALCULATIONNETHODS"ANDHANFORD-SPECIFICPARAMETERS(PNL-3777 Rev 2)
Appendix: H.2 INPLENENTATIONANDUSEOF THE.ATHOSPHERICDISPERSIONHODELSIN GENII
Appendix H.2 Revision Number: 0 [HEDOP\PNL-3777.RV2_APH2-IUA.933] Appendix H.2 Rev 0
Revision Date: March 1993 Page 11 of 12

,,.-- _ _ ,, ,



THIS PAGE BLANKINTENTIONALLY

Report: RECOMMENDEDENVIRONMENTALDOSECALCU.LAT.IONM.E.T..140.D.,SANDHANFORD-SPECIFICPA_. ETERS (PNL-3777 Rev 2)
Appendix: H.2 IMPLEMENTATIONANDUSE OF THEATMOSPHERICDISPERSIONMODELSIN GENII
Appendix H.2 Revision Number: O [HEDOP_PNL-3777.RV2_APH2-IUA.933] Appendix H.2 Rev 0
Revision Date: March 1993 Page 12 of 12

_,I ,,



APPENDIXH.3

HANFORDAREA METEOROLOGICALINFORMATION

BASEDON 1983THROUGH1991OBSERVATIONS

Report: RECOMMENDEDENVIRONMENTALDOS[ CALC.ULAT!ONHE-[HODSAND HANFOR,D,-SPEC,IFIC PARANETERS (PflL-3lllRev 2)
Appendix: H.3 HANFORDAREA METEOROL,OG..ICAL,.INFORMATIONBASED.ON 1983 THROUGH 1991 OBSERVATIONS
Appendix H.3 Revision Number: 0 [HEDOP\PNL-377/.RVZ_APH3-JFD.933] Appendix H.3 Rev 0
Revision Date: March 1993 Page 1 of 16



THIS PAGE BLANKINTENTIONALLY

e

e
i eport: RECOflNENDEDENYIRONNENTALDOSE CALCULATIONMETHODS AND HANFORD-SPECIFICPARAMETERS(PNL-3777Rev 2)Appendix: H.3 HANFORDAREA NETEOROLOGICALINFORMATIONBASED ON 1983 THROUGH 1991 OBSERVATIONS

LHcDOP_P,L-J77,.R,Z_AP,'_-_FD.93_] Ap_ndi v H.3 Rev 0

Appendix H.3 Revision Nun_ler: 0 r. r _ . _ "e u u 1 _) ^

Revision Date: Narch 1993 Page 2 of 16



APPENDIX H.3

HANFORD AREA METEOROLOGICALINFORMATION

BASED ON 1983 THROUGH 1991 OBSERVATIONS

A description of the procedures used to develop the joint frequency

distributions listed in Tables H.3.1-12 is presented in Appendix H.I. These

tables are based on Hanford meteorologicalinformationaveraged for the years

1983 through 1991. The values are presented as percentaqe of the time that

the wind is blowing towards the direction listed (e.g., S, SSW, SW, ...) for

the given Midpoint Wind Speed Class and Pasquill Category. The corresponding

wind speed ranges and descriptionof the Pasquill stability classifications

are presented in Tables H.I.1 and H.I.2, respectively.

H.3.1 GUIDELINES FOR USING JOINT FREQUENCY DATA WITH THE GENII CODF

When using one of the atmosphericdispersion options in the GENII code

with joint frequency data such as provided in this appendix, it is important

to use the data set that most closely represents the conditions under which

the release is postulated to occur. In all cases, use the data set that

corresponds most closely to the release height and location on the Hanford

Site (e.g., 100, 200 East, 200 West, 300 or 400 Areas). Within limits, the

code automaticallycorrects wind speeds to account for the difference between

the release height and the height at which the joint frequency data were

actually taken. However, the code will produce an error if the data set was

taken at a height very different from the release height (e.g., joint

frequency data collected at 89 m to evaluate a ground-levelrelease).

The period over which the release occurred should also be taken into

considerationwhen selecting the appropriatejoint frequency data. For

prospective evaluations (e.g., those used for permitting or safety analyses

purposes), a multi-year-averageddata set is recommendedto provide

representativeatmosphericconditions that would be expected to occur in the

future for both chronic and acute releases. F_r retrospectiveanalyses (e.g.,

compliance evaluations),data sets that pertain to the period of interest are

more appropriate.
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The GENII code custodian(a)can provide multi-year summaries for several

release heights at the major Hanford operating areas. Annual-averageddata

are also available for recent years. Special data sets for other locations

and time periods can also be obtained from personnel in Pacific Northwest

Laboratory'sAtmospheric Sciences Department.

H.3.2 HANFORD-AREAJOINT FREQUENCYTABLES BASED ON 1983 THROUGH 1991
METEOROLOGICAL INFORMATION

The joint frequency values for the Hanford Areas, based on

meteorologicalinformationaveraged for the years 1983 through 1991, are

summarized in the following tables.

'(a)The Executive Secretaryof the Hanford EnvironmentalDose Overview Panel.
can provide the name, address, and phone number of the current GENII
code custodian. The name, address, and phone number of the current

Executive Secretary are provided in Appendix C.2. 0
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TABLE H.3.1. Joint Frequency Distributionsfor the I00 N Area -- 101 Tower -- 1983-1991Data

Midpoint Wind
Speed Class Pasquill Percentaqeof Time Wind Blows from the 100 N Area Towards the Direction Indicated

(m sec-I) Cateqory Sw SS.._WWSW WS__.WW_ WN_._WWNW NN;/ _ NN___EEN_EE EN.__[EE_.._ES__.EES._EESS._EE

0.89 A 0 34 0.14 0.14 0.13 0.27 0.17 0 13 0.11 0.17 0.11 0.13 0 19 0 35 0.32 0.34 0.30
B 0 12 0.06 0.07 0.05 0.14 0.10 0 09 0.08 0.07 0.06 0.08 0 08 0 13 0.11 0.12 0.11
C 0 15 0.07 0.08 0.10 0.13 0.11 0 10 0.07 0.11 0.07 0.07 0 10 0 11 0.11 0.11 0.10
D 0 71 0.42 0.38 0.45 1,03 0.89 0 70 0,53 0.75 0.51 0.59 0 57 0 90 0.64 0.62 0.57
E 0 60 0.37 0.42 0.48 0.98 0.68 0 54 0.44 0.56 0.42 0.51 0 61 0 86 0.67 0.54 0.52
F 0 57 0.32 0.41 0.46 0.88 0.51 0 42 0.25 0.35 0.29 0.40 0 63 0 92 0.67 0.58 0.52
G 0 25 0.17 0.18 0.22 0.36 0.18 0 15 0,11 0.15 0.13 0.22 0 35 0 63 0.41 0.32 0.28

2.7 A 0,60 0.42 0.32 0.14 0.32 0.28 0 25 0.17 0 16 0.14 0.33 0 45 O 73 0.48 0.40 0.43
B 0.13 0,12 0.08 0.05 0.13 0,11 0 10 0 07 0 06 0.03 0.08 0 14 0 20 0.09 0.11 0.09
C 0.11 0.09 0.09 O.OB 0.12 0,10 0 10 0 07 O 05 0.03 0.08 0 11 0 18 0.09 0.08 0.09
D 0.60 0,47 0.37 0.37 0.72 0,71 0 65 0 39 O 39 0.32 0.52 I 05 I 33 0.68 0.50 0.41
E 0.33 0,23 0.28 0.42 0.86 0.63 0 48 0 32 0 33 0.24 0.50 i 18 i 97 0.76 0.38 0.22
F 0.18 0,14 0.16 0.41 0.84 0.38 0 23 0 16 0 14 0.16 0.28 0 68 I 08 0.49 0.28 0.16
G 0.05 0.05 0.08 0.19 0.32 0.13 0 09 0 05 0 05 0.06 0.13 0 29 0 59 0.18 0.09 0.04

4.7 A 0,15 0.24 0.13 0.04 0.08 0.08 0 13 0 06 0 07 0.10 0.23 0 29 0 48 0.35 0.19 0.09
B 0.03 0.06 0.05 0.02 0.03 0.03 0 03 0 02 0 03 0.02 0.06 O 07 0 13 0.09 0.04 0.02
C 0.03 0.06 0.03 0.01 0.03 0.02 0 04 0 03 0 02 0.03 0.06 0 05 0 11 0,07 0.04 0.02
D 0.19 0.21 0.17 0.07 0.09 0.16 0 26 0 16 0 12 0.20 0.33 0 56 I 17 0.59 0.19 0.12
E 0.14 0.13 0.09 0.05 0.09 0.08 0 22 0 13 0 12 0.13 0.26 0 68 i 79 0.72 0.17 0.09
F 0.08 0.07 0.03 0.05 0.06 0.04 0 07 0 04 0 02 0.02 0.06 0 25 0 33 0.13 0.04 0.05
G 0.02 0.01 O.OO 0.01 0.04 0.02 0 01 0 01 0 01 0.01 0.01 0 06 O 06 0.02 0.01 0,01

7.2 A 0.05 0.09 0.07 0.02 0.01 0.01 0 03 0.02 0.02 0.05 0.14 0 12 0 28 0 34 0.17 0.03
B 0 03 0,05 0.02 0.00 O.O0 0.00 0 01 0,01 0.01 0.01 0.06 0 03 0 09 0 09 0.04 0.01
C 0 01 0.02 0.02 0.00 O.O0 0.00 0 01 0.01 0.01 0.01 0.05 0 03 0 06 0 07 0.03 0,01
D 0 09 0.13 0.05 0.02 0.01 0,02 0 05 0.05 0.05 0.10 0.28 0 19 0 56 0 61 0.20 0.05
E 0 10 0.10 0.04 0.02 0.00 0.01 0 03 0.03 0.03 0.07 0.11 O 15 0 65 0 56 0.13 0.04
F 0 02 0.05 0.01 0.01 0.00 0.01 0 O0 0.01 0.00 0.00 0.01 0 03 0 06 0 02 0.01 0.02
G 0 O00.OO 0.00 0.00 0.00 0.00 0 O0 0.00 0.00 O.O0 0.00 0 01 0 01 0 O0 0.00 0.00

9.8 A 0 01 0 03 0 02 O.O0 0.00 0 O0 0 O0 0.00 0.00 0.02 0.07 0 05 0 08 0 16 0.10 0.00
B 0 01 0 01 0 01 O.O0 0.00 0 O0 0 O0 0.00 0.00 0.01 0.03 0 02 0 03 O 05 0.03 0.00
C 0 01 0 01 0 01 0.00 0.00 0 O0 0 O00.OO 0.01 0.01 0.01 0 01 0 01 0 05 0.02 0.00
D 0 05 0 06 0 02 0.01 0.00 0 OO 0 O0 0.01 0.01 0.08 0.12 O 09 0 13 0 25 0.14 0.01
E 0 05 0 05 0 03 0.01 0.00 0 O0 0 OO O.OO 0.01 0.03 0.05 0 04 0 07 0 14 0.06 0.01
F 0 02 0 02 0 O0 O.O0 0.00 0 O0 0 O0 0.00 O.O0 0.00 0.00 0 O0 0 01 0 01 O.O0 0.00
G 0 O0 000 0 O0 0.00 0.00 0 O0 0 O00.OO O.OO O.O0 0.00 0 O0 0 O0 0 O0 O.O0 O.O0

13. A 0 O0 0 OO 0 OO O.O0 O.O0 0 O0 0 OO O.OO 0.00 O.O0 0.02 0 01 0 01 0 05 0.04 O.O0
B 0 O0 0 01 0 O0 0.00 O.O0 0 O0 0 OO 0.00 O.OO O.O0 0.01 0 OO 0 O0 0 01 0.01 O.O0
C 0 O0 0 00 0 OO O.O0 0.00 O O0 0 O0 O.OO O.O0 0.00 0.01 0 OO 0 O0 0 O0 0.00 0,00

D 0 01 0 04 0 01 0.01 0.00 0 OO 0 O0 0.00 0.01 0.04 0.04 0 02 0 04 0 06 0.02 0.01
E 0 02 0 03 0 04 O.O0 0.00 0 O0 0 O0 0.00 0.00 0.02 0.02 000 0 O0 0 02 0,02 0.01
F 0 O0 0 01 0 O0 O.O0 O.O0 000 0 O00.OO 0.00 O.O0 O.O0 0 O0 0 O0 0 O0 0.00 0.00
G 000 000 0 O0 O.O0 O.O0 000 0 O00.OO 0.00 O.O0 0.00 000 0 O0 0 O0 0.00 O.O0

16. A 0,01 0 01 O.OO 0.00 0 O0 000 0.00 0.00 0.00 0 O0 O.O0 0.00 0.00 O.OO 0.00 0.00
B 0.00 000 0.00 0 O0 O O0 0 00 0.00 0.00 0.00 0 O0 0 O0 0.00 0.00 O.OO 0 O0 0 O0
C 0.01 0 01 0.00 0 O0 0 O0 0 00 O.OO 0.00 O.OO O O0 0 O0 0.00 0.00 0.00 0 O0 0 O0
D 0.03 0 02 0.00 O O0 0 O0 0 O00.OO 0.00 0.00 0 01 O O0 0.00 0.00 0.00 0 O0 0 O0
E 0.03 0 03 0.00 0 O0 0 O0 0 O0 0.00 n.O0 0.00 O 00 0 O0 0.00 0.00 0.00 0 O0 0 O0
F 0.01 0 01 0.00 0 O0 0 O0 000 O.OO 0.00 0.00 O O0 O O0 0.00 0.00 0.00 0 O0 0 O0
G 0.00 0 O00.OO O O0 0 O0 0.00 O.OO O.OO 0.00 O O0 0 O0 0.00 0.00 0.00 0 O0 0 O0

19. A 0.02 0.03 0.00 O O0 0.00 0.00 0.00 O.OO 0.00 O.O0 0.00 0.00 0.00 0.00 O.O0 0 O0
B 0.02 0.02 O.OO 0 O0 0.00 0.00 0.00 O.OO 0.00 O.O0 0.00 O.OO 0.00 0.00 0,00 0 O0
C 0.02 0.03 0.00 O O0 O,O00.OO 0,00 O,OO O.OO 0.00 0.00 O,OO 0.00 0.00 0.00 0 O0
D 0.07 0.09 O.O0 0 O0 0.00 0.00 0.00 0.00 0.00 0.00 O.O00.OO 0.00 O.OO 0.00 0 O0
E 0.07 0.14 0.00 O O0 0.00 0,00 O.OO 0.00 0,00 O.O0 0.00 0.00 0.00 0,00 0.00 0 O0
F 0,03 0.06 O.OO O O0 O.O0 0.00 O,OO 0.00 0.00 O.O0 0.00 0.00 0.00 0.00 0.00 0 O0
G 0.00 0.00 O.O0 O O0 0.00 O.O00.OO 0.00 0.00 O.O0 0.00 0.00 0,00 0.00 0.00 0 O0
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TABLE H.3.2, Joint FrequencyDistributionsfor the I00 N Area -- 611 Tower -- 1983-199lData

Midpoint Wind
Speed Class Pasquill Percentaqeof Time Wind Blows from the I00 N Area Towards the Direction Indicated

(msec "IJ' Cateqory S SSW S_WW WS__.WW_ WNW NW NN_..WWN NNE NE ENE E ESE S_.EESSE

0.89 A 0.32 0.14 0.13 0.12 0.26 0.17 0.12 0.09 0.16 O.lO 0.12 0.17 0.34 0 30 0.32 0,28
B O.IO 0.05 0.07 0.05 0.13 0.I0 0.09 0.08 O.Ol 0.05 0.08 0.08 0.12 0 11 0.11 0,09
C 0.14 0.07 0.07 0.08 0.12 0.10 0.09 0.06 0.10 0.06 0.07 0.09 0.10 0 12 0.10 0.09
D 0.55 0.34 0.29 0.36 0.80 0.67 0.54 0.41 0.56 0.36 0.46 0.43 0.68 0 49 0.46 0.41
E 0.39 0.24 0.27 0.32 0.67 0.42 0.33 0.29 0.40 0.28 0.33 0.36 0.48 O 37 0.32 0.33
F 0.37 0.23 0.26 0.38 0.64 0.34 0.29 0.17 0,25 0,23 0.30 0.42 0.60 O 43 0.39 0.36
G 0.18 0.14 0.14 0.20 0.34 0.16 0.13 0.09 0,13 0.10 0.16 0.25 0.46 0 30 0.26 0.22

2.7 A 0,59 0.34 0.28 0.14 0.33 0.28 0.24 0.16 0,15 0.12 0.29 0.41 0.65 0 46 0.40 0.43
B 0.12 0.11 0.06 0.05 0.13 0.10 0.09 0.05 0.05 0.03 0.05 0.11 0 19 0 08 0 12 0,10
C O.II 0.08 0.09 0.06 0.ii 0.I0 0.09 0.06 0.05 0.04 O.O8 0.09 0 15 0 08 0 08 0.09
D 0.59 0.38 0.35 0.35 0.71 0.69 0.57 0.35 0.36 0.28 0.42 0.70 0 93 0 54 0 48 0.43
E 0.33 0.24 0.30 0.39 0,69 0.53 0.36 0.27 0.29 0.22 0.34 0.58 0 89 0 56 0 37 0.28
F 0.27 0.16 0.20 0.29 0.61 0.32 0.20 0.15 0.17 0.16 0.21 0.44 0 69 0 43 0 32 0.22
G 0.08 0.06 0.09 0.14 0.23 O.lO 0.06 0.05 0.06 0.07 0.11 0.22 0 49 0 20 0 12 0.08

4.7 A 0.18 0.28 0.15 0.03 0.09 0.09 0.13 0.06 0.07 0.09 0.20 0,29 0 48 0 28 0 14 0.10
B 0.04 0.06 0.06 0.02 0.04 0.03 0.04 0.03 0.03 0.02 0.06 0.08 0 11 0 06 0 03 0.03
C 0.04 0.06 0.04 0.03 0.05 0.03 0.05 0.03 0.02 0.02 0.06 0.05 0 10 0 04 0 03 0.02
D 0.22 0.27 0.20 0.12 0.22 0.24 0.30 0.16 0.15 0.18 0.34 0.65 0 97 0 43 0 19 0.16
E 0.17 0.14 0.15 0.16 0.34 0.28 0.30 0.16 0.19 0.16 0.35 0.81 147 0 50 0 23 0.12
F 0.11 0.06 0.08 0.16 0.30 0.19 0.14 0.09 0.07 0.07 0.17 0.40 0 61 0 27 0 14 0.10
G 0.03 0.03 0.02 0.06 0.II 0.05 0.04 0.02 0.03 0.04 0.07 0.16 0 24 0 09 0 05 0.03

7.2 A 0.07 0.12 0.11 0.03 0.02 0.02 0.04 0.03 0.03 0.06 0.17 0.15 0 31 0 32 0 16 0 04
B 0.02 0.04 0.03 0.01 0.00 O.O1 0.01 0.01 0.01 O.O1 0.05 0.05 0 11 0 07 0 03 0 02
C 0.02 0.03 0.02 0.00 O.O1 O.O0 0.02 0.02 0.01 0.03 0.04 0.03 0 08 0 07 0 03 0 O1
D 0.13 0.13 0.II 0.04 0.04 0.06 0.13 O.IO 0.09 0.15 0.25 0.43 0 85 0 48 0 16 0 08
E 0.14 0.10 0.07 0.06 0.10 O.lO 0.15 0.09 O.IO 0,08 0.21 0.64 I 52 0 57 0 14 0 07
F 0.07 0.06 0.04 0.06 0.13 0.04 0.06 0.03 0.03 0,02 0.07 0.26 0 37 0 13 0 04 O 05
G 0.01 0.01 0.01 0.02 0.03 O.Ol O.Ol 0.01 O,Ol O,O0 0.02 0.05 0 I0 0 03 0 Ol O 01

9.8 A 0.03 0.05 0.03 0.01 O.OO 0.01 0.01 0.01 0.01 0.02 0.08 0.08 0 14 0 21 0 13 0 02
B 0.03 0.03 0.01 O.OO O.OO 0.00 0.00 0.01 O.OO 0.01 0.04 0.02 0 04 0 08 0 03 0 O0
C 0.01 0.01 O.Ol O.OO O.O0 0.00 O.O0 0.01 0.01 O.OO 0.02 0.02 0 04 0 06 0 03 0 O0
D 0.07 0.08 0.03 0.01 0.01 0.01 0.04 0.05 0.03 0.08 0.20 0.16 0 49 0 45 0 16 0 03
E 0.06 0.06 0.04 0.02 0.03 0.02 0.06 0.05 0.04 0.07 0.12 0.22 0 77 0 51 0 08 0 03
F 0.03 0.04 0.01 0.02 0.03 0.02 0.02 0.01 0.01 0.01 0.02 0.08 0 13 0 05 0 02 0 01
G O.Ol O,OO O,OO 0.01 0.02 0.01 O.O00.OO 0.00 0.00 0,01 0.03 0 03 00l 0 O0 0 O0

13. A 0.01 0.02 0.01 0.00 O.OO 0.00 0.00 0.00 0.00 0.01 0.06 0.04 0 07 0 13 0 07 O O0
B 0,01 0.02 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.01 0.03 0 02 0 03 0 04 0 03 0 O0
C 0.01 0.01 O.OO 0.00 0.00 0.00 0.00 O.OO 0.00 O.Ol 0.02 O Ol O Ol 0 05 0 02 0 O0
D 0.06 0.07 0.02 0.00 O.OO 0.00 0.01 0.01 0,02 0.08 0.11 0 10 O 21 0 32 0 13 0 02
E 0.07 0.07 0.06 0.03 O.OO 0.00 0.01 0.02 0.01 0.03 0.06 0 08 0 27 0 32 0 11 0 02
F 0.01 0.04 0.01 0.01 0.01 0.01 0.01 0.01 0.00 O.O0 0.00 0 03 0 04 0 02 0 Ol 0 Ol
G 0.00 O.OO 0.00 O.OO O.OO 0.00 0.00 0.00 0,00 0.00 0.00 0 01 0 02 0 O0 000 0 O0

16. A 0.01 0.01 0.00 O.OO O.OO 0.00 O.OO 0.00 O.OO O.00 0.03 0.01 0 02 0 05 0 03 0 O0
B 0.00 0.00 O.OO O.O0 O.OO 0.00 0.00 O.OO 0.00 0.00 0.01 O.OO 0 O0 0 01 0 O0 0 O0
C 0.01 0.01 0.00 O.O0 O.OO O.OO 0.00 O.OO 0.00 O.O0 0.01 O.Ol 0 O0 0 O0 0 O0 O O0
D 0.02 0.04 0.01 0.01 O.OO O.O0 O.O0 0.00 0.01 0.05 0.07 0.03 0 06 0 11 0 06 0 01
E 0.04 0.04 0.03 0.01 O.O0 OoO0 0.00 0.01 0.01 0,03 0.03 0.02 0 07 0 09 0 04 O 01
F 0.01 0.02 0.01 0.01 0.01 O.OO O.O0 O.OO O,O0 0,00 O,OO O.OO 0 01 0 01 0 01 O OO
6 0.00 0.00 O.O00.O0 O.OO O.OO O.O00.OO 0.00 O.O00.OO O.OO 0 O0 0 O0 0 O0 O O0

19. A 0.02 0.03 O.OO 0.00 O.OO O.OO O.O0 0.00 0.00 O.O0 O.OO 0.01 0 OO 0 O0 0 Ol 0.00
B 0,01 0.02 0.00 0.00 O.OO 0.00 O.OO 0.00 O,O0 O.O0 0.00 O.OO 0 OO 0 O0 0 O0 0.00
C 0.01 0.02 O.OO O.OO O.OO 0.00 O.OO 0.00 0,00 0.00 0.01 0.00 0 O0 O O0 0 O0 0.00
D 0.05 0.07 O,Ol O.O1 O.OO 0.00 0.00 O.OO 0.01 0.03 0.02 0.01 O 03 0 03 0 O1 0.01
E 0.06 0.09 0.02 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.01 0 02 0 03 0 03 0,01
F 0.03 0.03 0.00 O.OO 0.00 0.00 0.00 0.00 O.O0 0.00 O.OO 0.01 0 01 0 Ol 0 O0 0.00
G O.OO 0.00 0.00 0.00 0.00 0.00 0.00 O.O0 O.O0 O.O0 O.OO O.O0 O 00 O O0 O OO 0.00
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TABLE H.3.3. Joint FrequencyDistributionsfor the I00 N Area -- 89-m Tower -- 1983-1991Data

Midpoint Wind
Speed Class Pasquill Percentaqeof Time Wind Blows from the 100 N Area Towardsthe Direction Indicated

(m sec-I) Cateqory Sm SS__WWS_.WWWS__WW_ WNW NW NNW N NN.._EEN_.EEEN_._EEE ES__.EES._EESS__EE

0.89 A O 31 0.13 0.13 0 13 0 24 0 18 0 11 0 09 0 15 0 10 O 12 0.18 0 32 0.30 0.32 0.27
B 0 10 0.05 0.06 0 05 0 12 0 10 0 09 0 08 0 06 0 05 0 08 0.08 0 12 0.11 0.10 0.09
C O 14 0.06 0.07 O 08 O 11 0 10 0 09 0 06 0 09 0 07 0 07 0.09 0 11 0.11 0.11 0.10
D O 53 0.32 0.27 O 33 0 79 0 65 0 54 0 40 0 54 O 35 0 45 0.43 0 65 0.47 0.45 0.42
E 0 35 0.23 0.25 0 30 0 64 0 37 0 32 0 30 0 38 0 27 0 32 0.36 0 47 0.34 0.31 0.31
F 0 34 0.22 0.25 0 36 0 58 O 31 0 28 0 17 0 25 O 23 0 29 0.43 0 61 0.46 0.39 0.33
G 0 17 0.14 0.14 0 19 0 29 O 16 0 12 0 09 0 13 O 10 O 17 0,26 0 52 0.33 0.26 0.23

2.7 A 0.58 0.33 0.26 0.13 0.33 0 27 0 24 0 15 0 15 0.12 0 28 0.38 0 65 0.45 0.39 0.43
B 0.12 0.11 0.06 0.05 0.],20 09 0 08 0 05 0 05 0.03 0 05 0 10 0 18 0.08 0.12 0.10
C 0.11 0.08 0.08 0.06 0.11 0 10 0 09 0 06 0 05 0.03 0 07 0 09 0 15 0.08 0.08 0.09
D 0.57 0.38 0.33 0.37 0.70 O 67 0 53 0 32 0 36 0.27 0 40 O 63 0 87 0.52 0.46 0,40
E 0.34 0.24 0.30 0.33 0.65 O 50 0 34 0 23 0 29 0.22 0 32 0 52 0 73 0.48 0.35 0.28
F 0.28 0.16 0.19 0.27 0,58 0 31 O 19 0 14 O 14 0.14 0 21 0 41 O 68 0.39 0.29 0,23
G 0.09 0.06 0.09 0.14 0.25 O 10 O 08 O 05 0.06 0.07 O 12 0 24 0 45 0,18 0.11 0,07

4.7 A 0.20 0.29 0.17 0.04 0.09 0 09 O 12 0 07 0.06 0.10 0 20 0 28 0 47 0.28 0.14 0.11
B 0.04 0.05 0.06 0.02 0.05 0 04 O 04 0 03 0.03 0.02 O 06 0 08 0 11 0.06 0.03 0.02
C 0.04 0.06 0.05 0.03 0.05 0 03 0 05 0 03 0.02 0.02 0 05 0 05 0 lO 0.04 0.03 0.02
D 0.25 0.27 0.22 0.12 0.22 0 27 0 30 O 18 0.15 0.16 O 31 0 59 0 87 0.40 0.20 0.17
E 0.20 0.14 0.13 0.20 0.35 0 30 O 30 0 17 0.19 0.15 0 31 0 68 i 24 0.47 0.20 0.11
F 0.11 0.06 0.10 0.17 0.33 O 19 0 13 0 08 0.08 0.07 O 15 0 37 0 56 0.24 0.16 0.11
G 0.03 0.03 0.02 0.07 0.11 0 05 0 03 O 02 0.02 0.03 0 05 0 14 0 22 0.07 0.05 0.03

7.2 A 0.06 0.12 0.11 0.03 0.03 0.02 0.06 0.03 0.03 0.05 0.17 0 15 0.31 0.28 0,14 0.04
B 0,02 0.04 0.03 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.05 0 05 0,10 0.08 0.03 0.02
C 0.02 0.03 0.02 O.OO 0.01 0.01 0,02 0.02 0.01 0.02 0.04 0 03 0.08 0.06 0.03 0.01
D 0.12 0.13 0.11 0.04 0.05 0.07 0.16 0.11 0.10 0.15 0.26 0 47 0.82 0.44 0.15 0.09
E 0.11 0.10 0.08 0.08 0.14 0.13 0.16 0.11 0.11 0.10 0.22 O 66 1.42 0.50 0.15 0.08
F 0.07 0.05 0.04 0.08 0.14 0.07 0.08 0.04 0.03 0.03 0,06 0 23 0.34 0.14 0.05 0.05
G 0.02 0.01 0.01 0.02 0.04 0.02 0.01 0.01 0.01 0.01 0.02 0 05 0.09 0.03 0.01 0.01

9.8 A 0.03 0.06 0.03 0.01 O.OO 0.01 0.02 0.01 0.01 0.03 0.09 0 08 0.15 0.22 0.13 0.02
B 0.03 0.03 0.01 0.00 O.O0 O.O0 O.OO 0.01 0.01 0.01 0.03 O 02 0.05 0.07 0.03 0.00
C 0.01 0.01 0.02 O.O0 O.O0 0.00 O.O0 0.01 O.OO 0.00 0.03 0 02 0.04 0.06 0.03 O.OO
D 0.07 0.08 0.03 0.01 0.02 0.02 0.04 0.05 0.04 0.07 0.19 0 20 0.60 0.43 0.15 0.03
E 0.07 0.06 0.04 0.02 0.03 0.03 0.07 0.04 0.05 0.06 0.14 0 32 0.97 0.47 0.09 0.04
F 0.03 0.04 0.01 0.02 0.06 0.02 0.01 0.01 0.01 0.01 0.03 0 12 0.16 0.07 0.02 0.01
G O.OO O.O00.O0 0.01 0.01 0.01 O.OO 0.00 0.00 0.00 0.01 0 02 0.03 0.01 O.O00.OO

13. A 0.01 0.03 0.02 0.00 O.OO 0.00 0.00 O.OO 0.01 0.02 0.05 0 06 0.08 0.15 0.09 0.00
B 0.01 0.02 0.01 0.00 O.OO 0.00 0.00 O.00 O.OO O.OO 0.03 0 02 0.03 0.04 0.02 O.OO
C 0.01 0.01 O.OO 0.00 0.00 0.00 O.OO O.O0 0.01 0.01 0.02 0 01 0.01 0.05 0.02 O.OO
D 0.06 0.07 0.03 O.O0 O.O0 0.01 0.01 0.02 0.02 0.08 0.14 O 12 0.27 0.38 0.14 0.02
E 0.06 0.06 0.03 0.02 0.03 0.01 0.03 0.03 0.02 0.03 0.08 O 13 0.45 0.40 0.09 0.03
F 0.01 0.04 0.01 0.02 0.02 0.01 0,01 0.00 0.01 0.01 0.01 0 05 0.07 0.03 0.01 0.01
G O,O0 0.01 0.00 0.01 0.01 0.01 0.00 O.OO O.OO O.O0 O.O0 0 01 0.01 0.00 0.00 0.00

16. A 0.01 O.OO O.OO 0.00 0.00 0.00 O.OO O.OO O.O0 O.OO 0.03 0 01 0,03 0.05 0.03 0.00
B O.O0 0.01 O.OO O.OO O.OO 0.00 0.00 0.00 0.00 O.O0 0.01 O 01 0.01 0.02 0.01 O.OO
C 0.01 0.01 O.OO 0.00 O.O0 0.00 O.O0 0.00 0.00 0.01 0.01 0 O0 0.01 0.02 0.01 0.00
0 0.03 0.05 0.01 0.01 0.00 0.00 0.01 O.OO 0.01 0.06 0.08 O 04 0.08 0.17 0.07 0.01
E 0.05 0.05 0.07 0.01 0.00 O.O0 O.O0 0.01 0.01 0.03 0.04 0 05 0.17 0.19 0.06 0.01
F 0,02 0.03 0.01 0.01 0.01 O.O0 0.01 0.00 O.OO O.OO 0.00 0 01 0.02 0.02 0.01 0.01
G 0.00 O.O0 0.00 0.00 O.O0 O.O0 0,00 O.OO O.OO 0.00 O.OO O O0 0.00 0.00 O.O0 O.OO

19. A 0.02 0.03 O.O0 0.00 0.00 O.OO O.OO O O0 0.00 O.OO 0 01 O 01 000 0.01 0.01 0,00
8 0,01 0.02 O.OO 0.00 O.OO O,O00.O0 O O0 0.01 0.00 0 O0 0 O0 000 O.OO O.O00.O0
C 0.01 0.02 0.00 O.OO O.OO 0.00 0.00 O O0 O.OO 0.00 0 01 0 01 0 O0 0.00 O.O0 O.OO
D 0.05 0.08 0.01 0.01 O.O0 O.O0 O.O0 0 00 0.01 0.05 0 04 O 02 0 06 0.07 0.03 0.01
E 0.08 0.10 0.03 0.01 O.O0 O.O0 O.O0 O O0 0.01 0.03 O 03 O 02 0 05 0.07 0.06 0.02
F 0.02 0.05 0.01 0.01 0.01 O.OO O.OO 0 DO 0.00 O.OO 0 00 O 01 0 02 O.O0 0.01 0.01
G 0.01 O.O00.OO O.OO 0.00 0.00 0.00 0.00 0.00 0.00 O O0 0 O0 O DO O.OO O.O00.OO
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TABLE H.3.4, Joint Frequency Distributionsfor the 200 Areas -- 101 Tower -- 1983-1991Data

Midpoint Wind
Speed Class Pasquill Percentaqeof Time Wind Blows from the 200 Areas Towards the Direction Indicated

_m sec-I) Cateqory S SSW S._WWWS__WW_ WNW N_WW NNW N NN_._EEN._EEEN__.EEE ES_,_EES._E SS._EE

0.89 A 0.36 0.20 0.23 0.26 0.40 0.24 0,17 0.10 0.10 0 06 0.06 0.06 0 10 O 10 0.14 0.22
B 0.15 0.13 0.10 0.11 0.16 0.09 0.07 0.03 0.05 0 02 0.01 0.03 0 04 0 05 0.07 0.10
C 0.14 0.10 0.09 0.12 0.14 0.10 0.06 0.04 0.04 0 02 0.02 0.02 0 04 0 04 0.10 0.10
D 0.87 0.58 0.59 0.59 0.77 0.50 0.43 0.32 0.27 0 19 0.21 0,17 0 40 0 44 0.54 0.55
E 0.39 0.26 0.28 0.25 0.46 0.34 0.31 0.30 0.34 0 21 0.25 0.29 0 49 0 44 0.45 0.39
F 0.23 0.13 0.12 0.14 0.31 0.23 0.28 0.26 0.35 O 23 0.22 0.27 0 48 0 36 0.32 0.23
G 0.10 0,04 0.08 0.08 0,13 0.13 0.13 0.14 0.17 0 09 0.10 0.09 0 22 0 14 0.14 0.09

2.7 A 0.69 0.44 0.29 0.32 0.60 0.51 0 45 0.29 0.24 0.12 0.17 0.19 0.25 0.30 0.42 0.48
B 0.21 0.15 0.06 0.08 0,16 0 13 0 13 0.09 0.08 0.04 0.03 0.05 0.07 0.09 0.16 0.16
C 0.19 0.12 0.06 0.09 0.13 0 13 0 19 0.10 0.06 0.02 0.03 0.05 0.08 0.10 0.19 0.15
D 0.84 0.48 0.40 0,33 0.66 0 57 0 75 0.53 0.35 0.18 0.24 0.28 0.69 1.09 1.05 0.77
E 0.32 0.17 0.11 0.13 0.31 0 34 0 47 0.52 0.46 0.21 0.29 0.48 1.58 1.68 1.11 0.39
F 0.13 0,05 0.05 0.05 0,16 0 21 0 39 0.44 0.45 0.21 0.27 0.46 1.60 1.69 0.82 0.25
G 0.04 0.02 0.02 0.03 0.09 0 10 0 20 0.23 0.20 0.08 0.10 0.20 0.82 0.69 0.30 0.08

4.7 A 0 26 O 24 0 10 0.03 0.08 0 10 0 10 0.13 0.12 0.07 0,14 0.34 0.35 0.35 0.40 0.17
B 0 09 0 06 0 03 0.01 0.03 0 03 0 04 0 05 0 03 0.02 0.05 0.07 0.10 0.14 0.12 0.06
C 0 08 0 05 0 03 0.01 0,02 0 02 0 04 0 04 0 05 0.02 0.03 0.06 0.09 0.13 0.12 0,03
D 0 32 0 20 0 09 0.04 0.12 O 11 0 25 O 27 O 24 0.13 0.23 0.39 0.83 1.46 0.84 0.21
E 0 19 0 09 0 04 0.01 0.06 0 06 0 15 0 25 0 22 0.12 0.18 0.39 1.98 2.50 0.75 0.13
F 0 04 0 06 0 01 0.01 0.01 0 02 0 05 O 17 0 14 0.03 0.07 0.20 1.19 1.60 0.32 O,O6
G 0 Ol O.O0 0 O0 0.00 O.OO 0.01 0 Ol 0 09 0 07 0.01 0,02 0.09 0.56 0.84 0.13 0.01

7,2 A 0 07 0.07 0.05 0.01 O.O0 0.00 0.01 0,03 0 04 0.04 0,11 0.25 0.25 0.25 0.33 0 05
B 0 02 0.03 0.01 0.01 O.O00.OO 0.00 0.01 0 02 0.01 0,04 0,08 0.06 0.01 0.09 0 01
C 0 02 0.03 0.01 0.00 0.00 O.OO O.OO 0.01 0 02 0.01 0,02 0.07 0.06 0.07 0,06 0 01
D 0 10 0.10 0.03 0.01 O,O0 0.01 0.03 0.07 0 10 0.11 0,25 0.38 0.58 1.14 0.50 0 05
E 0 07 0.12 0.01 0.00 0.00 0.00 0.01 0.05 0 07 0.08 0.17 0.30 0.65 1.75 0.41 0 02
F 0 03 0.02 0.00 0.00 O.O00.O0 0.00 0.01 0 02 O.OO 0.01 0.02 0,07 0.08 0.03 0 00
6 O O00.OO O.OO 0.00 O.OO O.OO 0.00 0,01 O.OO 0,00 0.00 0.00 O.O00.Ol 0.00 0 O0

9.8 A 0.02 0.02 0.01 O.O0 O.OO 0.00 0.00 0,00 O.DI 0.01 0,05 0.16 0.10 0.11 0.24 0 O0
B 0.01 0.01 O.OO O.O0 0.00 0.00 0.00 O.O0 O.DO O.OO 0,02 0.04 0.02 0.03 0.06 0 O0
C 0.01 0.01 O.OO O.OO 0.00 O.O0 0.00 0.00 0.01 O.OO 0.02 0.05 0.02 0.03 0.05 0 O0
D 0.02 0.04 0.01 O.O0 O.O00.OO 0.00 0.00 0.02 0.07 0.16 0.24 0.13 0,50 0.29 0 01
E 0.01 0.06 0.01 O.O0 0.00 O.O0 0.00 O.O0 0.01 0.05 0.11 0.15 0.06 0,38 0.ii 0 O0
F 0.01 0.01 O.OO O.O0 0.00 O.OO O.O0 0,00 0.01 O.OO 0.00 0.00 0.00 0.00 O.OO 000
6 0.00 O.OO O.OO 0.00 O.OO O.OO 0.00 0.00 O.OO 0.00 0.00 0.00 0.00 0.00 O.OO 0 O0

13. A 0.00 0.01 O.OO 0.00 0.00 O.OO 0.00 0.00 O.OO 0.00 0.02 0.06 0.02 0,02 0 03 0.00
B 0.00 0.00 O.OO 0.00 0.00 O.OO 0.00 0.00 O.OO 0.00 0.01 0.02 0.01 0.00 0 01 0.00
C 0.00 0.01 O.OO 0.00 0.00 O.OO 0.00 O.00 O.OO O.OO 0.02 0,01 0.00 0.01 0 01 0.00
D 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0,00 O.OO 0.02 0.09 0.09 0.03 0.07 0 08 0.00
E 0.01 0.01 0.01 0.00 O.O0 0.00 0.00 0.00 0.00 0.01 0.04 0.02 0.01 0.05 0 03 0.00
F O.OO O.OO O.O0 0.00 O.OO O,OO 0.00 O.O0 O.OO O.OO O.OO 0.00 0.00 O.O0 0 DO 0.00
6 0.00 0.00 O.OO 0.00 O.OO O.OO 0.00 0.00 O.OO 0.00 0.00 0.00 0.00 0.00 000 0.00

16. A 0.01 0.01 O.OO 0.00 O.OO O.OO 0.00 0.00 O.OO 0.00 0.00 0.01 0.00 0.00 0 Ol 0 O0
B 0.00 0.01 0.00 0.00 0.00 O.OO 0.00 0.00 0.00 O.OO 0.00 0.00 0.00 0.00 0 O0 0 O0
C 0.01 0.01 0.00 O.OO 0.00 0.00 0.00 0.00 O.OO 0,00 O.00 0,01 0.00 O.O0 0 O0 0 O0
D 0.01 0.02 O.OO 0.00 O.OO O.O0 0.00 O.00 O.OO O.OO 0.03 0.03 0.02 0.00 0 OO 0 O0
E 0.01 0.02 O.OO 0.00 O.OO 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0 O0 0 O0
F 0.01 0.01 O.OO 0.00 0.00 0.00 0.00 0.00 O,O0 0.00 0.00 0.00 0.00 0.00 0 OO 0 00
G 0.00 O.O0 0.00 0.00 0.00 0.00 0.00 0.00 O.OO O.OO O.OO 0.00 O.O0 0.00 0 DO 0 O0

19. A 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 O.OO 0.00 0.00 0.00 0.00 0.00 O O00.O0
B 0.01 0.01 0.00 O.OO 0.00 0.00 0.00 0.00 0.00 0.00 0 O0 0.00 0 00 0.00 0 O0 0.00
C 0.01 0.02 O.O00.OO 0.00 O.O0 0.00 0.00 O.i)O0,00 0 00 0.00 0 O0 0.00 0 O0 0.00
D 0.04 0.07 0.00 O.OO O.OO 0.00 0.00 0.00 0.00 O.OO 0 00 0.00 0 00 0.00 0 O0 0.00
E 0.07 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.OO 0 O0 0.00 0 00 0.00 0 O0 0.00
F 0.03 0.05 O.OO O.OO 0.00 0,00 O,O0 0.00 O.OO 0.00 0 DO 0.00 0 O0 0.00 O O0 0.00
G 0.00 0.01 0.00 0.00 O.OO 0.00 0.00 0.00 O.OO 0.00 0 00 0.00 0 00 O.OO O O0 0.00
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TABLE H.3.5. Joint FrequencyDistributionsfor the 200 Areas -- 611 Tower -- 1983-1991 Data

Midpoint Wind
Speed Class Pasquill Percentaqeof Time Wind Blows from the 200 Areas Towards the Direction Indicated

(msec- I) _ _ SS__WWS._WWWSW W WN__WWN_WW NN__WW_ NN_..EEN_.EEEN.._EEE ESE S._EESS___EE

0.89 A 0.35 0.18 0.20 0.24 0.38 0.23 0.17 0 09 0.10 0.06 0.05 0.06 0.10 0.10 0.12 0.18
B 0.12 0.10 0.09 0.10 0.13 0.08 0.06 0 03 0.05 0.02 0.01 0.02 0.04 0.05 0.06 0.08
C 0,11 0.08 0.07 0.10 0.13 0.09 0.07 0 04 0.03 0.02 0,02 0.03 0.04 0.03 0.08 0.08
D 0.62 0.42 0.39 0.45 0.60 0.41 0.36 0 27 0.21 0.16 0.17 0.12 0.26 0.32 0.42 0.39
E 0.23 0.16 0.17 0.15 0.31 0.26 0.23 0 27 0.27 0.16 0.16 0.19 0.31 0.28 0.24 0.22
F 0.13 0.08 0.08 0.09 0.19 0.20 0.28 0 31 0.33 0.16 0.16 0.21 0.40 0.29 0.23 0.15
G 0.07 0.03 0.05 0.05 0.12 0.11 0.16 0 21 0.20 0.09 0.09 0.10 0.25 0.14 0.12 0.07

2.7 A 0.60 0.40 0.29 0.33 0.59 0.52 0.42 0 24 0.20 0.11 0.14 0.14 0.20 0.24 0.35 0.43
B 0,18 0.13 0.06 0.09 0.16 0.12 0.11 0 07 0 07 0.03 0.02 0.04 0.06 0.07 0.14 0.13
C 0.18 0.11 0.06 0.10 0.13 0.13 0.15 0 07 0 05 0.02 0.02 0.04 0.05 0.08 0.16 0.15
D 0.81 0.42 0.39 0.32 0.63 0.50 0.62 0 37 0 29 0.13 0.16 0.22 0.42 0.59 0.71 0.68
E 0.26 0.13 0.14 0.13 0.27 0.26 0.25 0 30 0 32 0.14 0.21 0.29 0.58 0.60 0.57 0.28
F 0.15 0.06 0.05 0.04 0.16 0.12 0.20 0 20 0 28 0.16 0.19 0.26 0.64 0.57 0.37 0.17
G 0.04 0.02 0.03 0.03 0.07 0.07 0.10 0 11 0 11 0.06 0.07 0.12 0.46 0.27 0.14 0.06

4.7 A 0.35 0.27 0.11 0 05 0.12 0.10 0.14 0.15 O 14 0 07 0 15 0 29 0 30 0 31 0.34 0.22
B 0.11 0.08 0.03 0 01 0 04 0.05 0.06 0.06 0 03 0 02 0 05 0 06 0 08 0 10 0.11 0.09
C 0.09 0.06 0.04 0 02 0 03 0.02 0.06 0.05 0 05 0 02 0 02 0 03 0 07 0 08 0.12 0.05
D 0.38 0.26 0.14 0 07 0 17 0.16 0.27 0.24 0 20 O 11 0 19 0 25 0 61 0 90 0.79 0.34
E 0.20 0.11 0.05 0 04 0 12 0.13 0.23 0.23 0 23 0 11 0 15 0 31 i 05 0 95 0.65 0.25
F 0.08 0.03 0.02 0 03 0 05 0.09 0.11 0.17 0 19 0 10 0 13 0 27 0 89 0 92 0.44 0.13
G 0,01 0.01 0.01 0 01 0 01 0.02 0.05 0.07 O 06 0 02 0 05 0 10 0 49 0 38 0.15 0.04

7.2 A 0.11 0.11 0.05 0.02 0.01 0.02 0 02 0.06 0.06 0.05 0 10 0 25 0 25 0 26 0.32 0 07
B 0.05 0.04 0 02 0.01 0.01 0.01 0 01 0.02 0.02 0.01 0 03 0 05 0 07 0 10 0.08 0 03
C 0.03 0.03 0 02 0.00 0.01 0.00 0 01 0.02 0.02 0.01 0 02 0 07 0 08 0 11 0.06 0 01
D 0.19 0.13 0 06 0.01 0.03 0.02 0 10 0.20 0.15 0.09 0 20 0 32 0 59 I 11 0.54 O 11
E 0.13 0.08 0 03 0.02 0.04 0.04 0 11 0.17 0.13 0.09 0 15 0 31 i 52 I 67 0.62 0 12
F 0.04 0.03 0 01 0.01 0.03 0.02 0 07 0.10 0.09 0.03 0 06 0 15 0 92 i 03 0.32 0 07
G 0.01 0.00 0 O0 0.00 0.00 0.01 0 01 0.04 0.04 0.01 0.01 0 05 0 28 0 51 0.13 0 01

9.8 A 0 03 0 05 0.04 0.00 0.00 0 O0 0 O0 0.01 0.02 0.02 0.07 0 14 0.15 0.15 0 23 0 02
B 0 01 0 01 0.01 0.00 0.00 0 O0 0 O0 0.00 0.01 0.01 0.03 0 06 0.05 0.04 0 06 0 O0
C 0 02 O 02 0.00 0.00 0.00 0 O0 0 O0 0.01 0.02 0.00 0.01 0 04 0.04 0.04 0 05 0 00
D 0 06 O 06 0.01 0.01 0.00 0 01 0 03 0.06 0.07 0.08 0.16 0 29 0.47 0.81 0 35 0 04
E 0 09 0 09 0.01 0.00 0.01 0 O0 0 OB 0.08 0.08 0.07 0.13 0 24 0.99 i.92 0 41 0 03
F 0 03 0 03 0.00 0.00 0.01 0 O0 0 02 0.05 0.04 0.01 0.02 0 06 0.45 0.72 0 13 0 01
G 0 O0 0 01 0.00 0.00 0.00 0 O0 0 01 0.02 0.01 0.00 0.00 0.02 0.13 0.29 O 04 O O0

13. A 0 01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.04 0.14 0.08 0.09 0.19 0.00
B 0 O0 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.02 0.04 0.02 0.03 0.05 0.00
C 0 O0 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.02 0.04 0.01 0.02 0.04 0.00
D 0 02 0.04 0.01 0.01 0.00 0.00 0.00 0.02 0.04 0.07 0.15 0.23 0.25 0.77 0.37 0.02
E 0 05 0.08 0.02 0.00 0.00 0.00 0.02 0.03 0.03 0.04 0.11 0.19 0.36 1.26 0.30 0.01
F O 02 0.03 0.00 0.00 0.00 0.00 0.01 0.02 0.01 0.00 0.01 0.02 0.12 0.29 0.03 0.01
G 0 O0 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.05 0.13 0.01 0.00

16. A 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.02 0.07 0.02 0.02 0.05 0.00
B 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.OO 0.00 0.01 0.02 0.01 0.01 0.02 0.00
C 0.01 0.01 0.00 0.00 0.00 0o00 0.00 0.00 0.00 0.00 0.02 0.02 0.01 0.01 0.02 0.00
D 0.01 0.04 0.00 0.00 0.00 0.00 0 O0 0.00 0.00 0.04 0.13 0.13 0.04 0.29 0.14 0.00
E 0.01 0.03 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.04 0.07 0.10 0,06 0.30 0.10 0.00
F 0.00 0.02 0.00 0.00 0.00 0.00 O.OO 0.01 0.01 0.00 0.00 0.00 0.01 0.03 O.O0 0.00
G 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03 0.00 0.00

19. A 0.02 0.02 0.00 0.00 0 O0 0.00 0.00 0.00 0.00 0.00 0.01 0.02 O.O0 0.01 0.01 0.00
B 0.01 0.01 0.00 0 00 0 O0 0.00 0.00 0.00 0 O0 0.00 0 01 0.01 0 O0 0.00 0.00 O.O0
C 0.01 0.02 0.00 0 O0 0 O0 0.00 0.00 0.00 0 O0 0.00 0 Ol 0.'01O O0 0.00 0.00 0.00
D 0.03 0.06 0.00 0 O0 0 O0 0.00 0.00 0.00 0 O0 0.02 0 08 0.07 0 04 0.03 0.02 0.00
E 0.02 0.06 0.01 0 O0 0 O0 0.00 0.00 0.01 0 01 0.01 0 04 0.02 0 01 0.03 0.01 0.00
F 0.02 0.03 0.00 0 O0 0 O0 0.00 0.00 0.01 0 00 0.00 0 O0 0.00 0 O0 0.01 0.00 O.O0
G 0.00 0.01 0.00 0 O0 0 O0 0.00 0.00 0.00 0 00 O.OO 0 O0 0.00 0 O0 O.OO 0.00 O.O0
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TABLE H.3.6. Joint FrequencyDistributionsfor the 200 Areas -- 8,q-mTower -- 198,3-1991Data

Midpoint Wind
Speed Class Pasquill Percentageof Time Wind Blows from the 200 Areas Towards the Direction Indicated

(m s_ec"1) _ S SSW SV# WSW _ WN_V#NV# NN_V#N._ NN._._EN_E ENE E ES....EES..EESS_...EE

0.89 A 0,34 0.16 0.19 0.24 0.38 0.23 0.17 0.10 0.10 0.05 0.05 0.06 0.10 O.lO 0 12 0.17
B 0.12 0.09 0.09 0.10 0.13 0.09 0.06 0.02 0.05 0.02 0,01 0.02 0.04 0.05 0 06 0 08
C 0.11 0.09 0.08 O.lO 0.13 0.09 0.07 0.04 0.03 0.02 0.02 0.02 0.05 0.03 0 08 0 07
D 0.62 0.40 0.39 0.45 0,61 0.41 0.36 0.28 0.21 0.16 0.16 0.11 0.25 0.33 0 39 0 39
E 0.22 0.16 0.16 0.15 0.30 0.26 0.25 0.28 0.27 0.15 0.16 0.17 0.30 0.30 0 27 0 22
F 0.13 0.08 0.08 0.09 0.19 0.19 0.25 0.29 0.32 0.15 0.16 0.19 0.41 0.34 0 27 0 15
G 0.07 0.02 0.05 0.05 0.11 0.12 0.16 0.22 0.18 0.08 0.09 0.I0 0.31 0.17 0 13 0 07

2.7 A 0.57 0.39 0.29 0.32 0.57 0.49 0.40 0.23 0.20 0.11 0 13 0.13 0.17 0.23 0.33 0.43
B 0.18 0.14 0.06 0.09 0.16 0 10 0.11 0.07 0.07 0.03 0 02 0 04 0.05 0.07 0.14 0.13
C 0.17 0.11 0.05 0.09 0.12 0 12 0.14 0.07 0.05 0.01 O 02 0 03 0.04 0,08 0.15 0.14
D 0.77 0.42 0.38 0.32 0.59 0 47 0.56 0.35 0.27 0.12 0 15 0 22 0.36 0.56 0.69 0.66
E 0.25 0.13 0.15 0.12 0.25 0 22 0.24 0.29 0.29 0.12 0 17 0 25 0.48 0.55 0.52 0.26
F 0.11 0.06 0.05 0.05 0.14 0 12 0.21 0.19 0.29 0.16 O 16 0 26 0.59 0.59 0.35 0.17
G 0.05 0.02 0.03 0.03 0.07 0 06 0.09 0.10 0.13 0.06 0 07 0 12 0.43 0.31 0.14 0.07

4.7 A 0 38 0.27 0 12 0.05 0.13 0.13 0.15 0.15 0.14 O 06 O 14 0.28 0.27 0.29 0.34 0.24
8 0 11 0.08 0 03 0 O1 0 05 0.06 0.06 0.06 0.03 O 02 0 04 0.06 0.09 O.lO 0.12 0,07
C 0 I0 0.06 0 04 0 02 0 04 0.03 0.06 0.04 0.04 O 02 O 02 0.04 0.07 0.08 0.12 0.06
D O 40 0.26 0 16 0 08 0 19 0.17 0.30 0.25 0.19 0 I0 O 19 0.22 0.55 0.81 0,75 0.34
E 0 19 0.10 O 05 0 05 0 12 0.15 0.19 0.21 0.23 0 12 0 16 0.28 0.86 0.82 0.57 0.24
F O 09 0.04 0 03 O 02 0 06 0.08 0.II 0.18 0.18 0 I0 0 12 0,25 0,80 0.91 0.41 0.12
G O 02 0.01 O Ol 0 Ol 0 02 0.02 0.05 0.07 0.07 0 02 O 04 0.08 0.44 0.52 0.17 0.03

7.2 A 0.11 0.12 0.06 0.02 0.01 0.02 0.03 0.08 0.06 0.06 0.09 0.26 0.25 0.25 0.30 0.08
B 0.04 0.04 0.02 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.03 0.05 0.06 0.09 0,07 0.04
C 0.03 0.02 O.O_ O,Ol 0.01 0,00 O.Ol 0.02 0.03 0.01 0.02 0,06 0.08 0,11 0.07 0.01
D 0.20 0.12 0.05 0.01 0.05 0,04 0.11 0.17 0.16 0.11 0,16 0,29 0.58 0.92 0.54 0,11
E 0.14 0.07 0.03 0.02 0.04 0.06 0.12 0.16 0.15 0.09 0.15 0.30 1.32 1.32 0.57 0.12
F 0.04 0.02 0.01 0.01 0.02 0.02 0.06 0.11 0.10 0.04 0.09 0.17 0.85 0.90 0.31 0.07
6 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.04 0.05 0.01 0.01 0.06 0.32 0.46 0.09 0.01

9,8 A 0.04 0.04 0.03 0.01 0.00 0,00 0.01 0.01 0.02 0.02 0.07 0.14 0.16 0.15 0.23 0.02
B 0.02 0.01 0.01 0.00 O.O0 0.00 0.01 0.01 0.01 O.O1 0.02 0.06 0.04. 0.05 0 07 0.00
C 0.01 0.02 0.01 0.00 0.00 O.O0 0.00 0.01 0.02 0.01 0.01 0.04 0.04 0.04 O 05 0.00
D 0.08 0.07 0.02 0.01 0.01 0.01 0.04 0.09 0.08 0.07 0.18 0.27 0.44 0.79 0 32 0.04
E 0.07 0.08 0.01 0.01 0.01 0.01 0.06 0.08 0.08 0.08 0.12 0.23 1.08 1.49 0 40 0.04
F 0.02 0.02 0.00 0.01 0.01 0.01 0.02 0.04 0.04 0.01 0.02 0.07 0.49 0.62 O 13 0.02
G 0.00 O.O0 0.00 0.00 O.O0 0.00 0.00 0.02 0.01 0.00 0.01 0.02 0,II 0.19 0 03 0.00

13. A 0.01 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.04 0,13 0.09 0 09 0 19 0.00
B 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.04 0 02 0 03 0 05 0.00
C 0.00 0.01 0.00 0.00 O.O0 0.00 0.00 O.OO O.OO 0.00 0.02 0.03 0 02 0 03 O 04 0.00
D 0.03 0.04 0.01 0.01 0.01 0,00 0.02 0.02 0.04 0.08 0.13 0.26 0 33 0 78 0 38 0.02
E 0.07 0.10 0.02 0.00 0.01 0.00 0.04 0.04 0.05 0.04 0,10 0.21 0 64 I 63 0 34 0.02
F 0.02 0.03 0.00 0.00 0.01 0.01 0.02 0.03 0.02 0.00 0.01 0.04 0 23 0 38 O 06 0.01
G 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 O.O0 0.00 0.00 0.00 0 04 0 09 0 01 0.00

16, A 0.00 0.01 0.00 0.00 O.O0 0.00 0 DO O.OO 0.00 0.01 0.02 0.07 0.04 0 03 0 07 0.00
B 0.00 0,00 0.00 0.00 0.00 0.00 0 O0 0.00 0.01 0.00 0.01 0.01 0.01 0 02 0 02 0.00
C 0.01 0.01 0.00 0.00 0.00 0.00 0 O0 O.OO O.OO 0.00 0.02 0.02 O.O0 0 01 0 02 0.00
D 0.01 0.03 0.00 0.00 0.00 0,00 0 01 0.01 0.01 0.04 0.13 0.14 0.09 0 49 O 21 0,01
E 0.03 0.06 0.01 0.00 0.00 0.00 0 01 0.02 0.01 0.03 0.10 0.14 0.17 0 74 O 18 0.00
F 0.02 0.03 0.00 0.00 0.01 0.00 0 00 0.01 0.01 0.00 0.00 0.00 0.06 0 10 O 01 0.00
G O.O0 O.OO 0.00 0.00 0.00 0.00 0 O0 O.OO O.OO 0.00 0.00 0.00 O.Ol 0 02 0 O0 O,OO

19. A 0 02 0 02 0 00 0.00 0.00 0.00 0.00 0.00 0 00 O.OO 0.01 0.03 0.01 0.01 O 02 0 OO
B 0 01 0 01 0 O0 0.00 0.00 0.00 O.O0 0 O0 0 O0 0.00 0.01 0.01 0.01 O.OO O 01 0 O0
C 0 01 0 02 0 O0 0.00 O.O0 O.O0 0.00 0 DO 0 O0 0.00 0.01 0.02 0.00 0.01 O Ol 0 O0
D 0 02 0 06 0 O0 0.00 0.00 O,OO 0.00 0 DO 0 O0 0.03 0.12 0.11 0.08 0.14 0 07 0 O0
E 0 02 0 05 0 01 O.OO 0.00 0.00 0.00 0 02 0 DO 0.03 0.07 0.06 0.04 0,17 0 05 0 O0
F 0 02 0 04 0 O0 0.00 0.00 0.00 0.00 0 01 0 DO 0.00 0.00 0.00 0.01 0.02 0 O0 0 O0
G 0 OO 0 01 0 O0 0.00 0.00 0.00 O.OO 0 OO 0 DO 0.00 O.OO O.O0 0,00 O.O0 O.O0 0 O0
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TABLE H.3.7,,Joint Frequency Distributionsfor the 300 Area -- 101 Tower -- 1983-1991Data

Midpoint Wind
Speed Class Pasquill .........Percentaqeof Time Wind Blows from the 300 Area Towards the Direction Indicated

(m.,,sec-li' Cateqory _ SSW SW WS__.WW_ WNW N_WW NNW N NNE N_.EEENE _ ESE SE SSE

0 89 A 0.10 0.05 0.07 0.09 0.14 0.08 0.08 O.II 0.09 0.05 0.04 0.04 0.03 0 03 0 05 0 07
B 0.08 0.04 0.03 0.03 0.07 0.04 0.04 0.05 0.05 0.04 0.03 0.03 0.04 0 03 0 02 0 06
C 0.07 0.03 0.03 0.05 0.08 0.06 0.06 0.06 0.07 0.03 0.02 0.03 0.04 0 03 0 04 0 05
D 0,41 0.19 0.14 0.15 0.28 0.33 0.32 0.38 0.49 0.33 0.38 0.29 0.38 0 25 0 33 0 43
E 0.36 0.13 0.11 0.11 0.24 0.32 0.40 0.47 0.65 0.40 0.42 0.37 0.52 0 40 0 43 0 42
F 0.30 0.14 0.09 O.Ol 0.20 0.24 0.37 0.41 0.59 0.32 0.33 0.27 0.38 0 34 0 35 0 37
G 0.19 0.07 0.04 0.03 0.I0 0.10 0.16 0.19 0.27 0.13 0.16 0.13 0.20 0 17 0 20 0 19

2 7 A 0.28 0 29 0 34 0.33 0.75 0.45 0.42 0.28 0.23 0.21 0.25 0.19 0.11 0 04 0.06 0 16
B 0 16 0 13 0 11 0.11 0.18 0.15 0.19 0.12 0.11 0.09 0 07 0.06 0.04 0 03 0.03 0 08
C 0 15 0 14 0 08 0.09 0.17 0.18 0.21 0.12 0.12 0.09 0 09 0.05 0,03 0 03 0.06 0 10
0 I 26 0 49 0 32 0.32 0.85 1.04 1.23 0.76 0.89 0.65 0 52 0.38 0.34 0 26 0.50 0 98
E I 25 0 24 0 07 0.08 0.36 1.04 1.46 0.95 1.31 0.60 0 53 0.41 0.46 0 40 0.56 I O0
F 0 79 0 12 0 02 0.01 0.16 0.89 1.50 0.87 0.85 0.39 0 23 0.12 0.18 0 18 0.33 0 66
G 0 39 0 05 0 01 0.00 0.05 0.35 0.70 0.39 0.32 0.12 0 06 0,03 0.06 0 07 0.16 0 31

4 7 A 0.33 0 46 0 28 0.09 0.15 0.18 0.23 0.13 0.27 0.46 0.54 0.33 0.13 0 06 0 08 0 10
B 0.12 0 14 0 06 0.03 0.04 0.06 0,07 0.03 0.11 0.17 0.17 0.11 0.06 0 02 0 02 0 07
C 0.17 0 12 0 07 0.02 0.03 0.06 0.07 0.04 0.10 0.12 0.16 0.10 0.04 O OO 0 05 0 08
D 0.99 0 45 0 29 0.09 0.17 0.22 0.40 0.25 0.57 0.92 0.89 0.53 0.27 0 14 0 42 0 79
E 1.23 0 24 0 06 0.04 0.08 0.28 0.29 0.19 0.61 0.78 0.81 0.58 0.30 0 16 0 39 0 63
F 0.99 0 13 0 02 0.02 0.06 0.26 0.18 0.08 0.31 0.34 0.31 0.13 0.04 0 02 0 06 0 31
G 0.55 0 05 0.00 0.00 0.02 0.14 0.12 0.03 0.11 0.11 0.09 0.04 0.01 0 O0 0 01 0 14

7 2 A 0.17 0.12 0.03 0.00 O.OO 0.00 0.02 0.01 0.08 0.24 0.44 0.37 0.12 0 05 0.08 0 05
B 0.04 0.04 0.01 0.00 O.OO 0.00 0.01 0.00 0.04 0.09 0.11 0.11 0.05 0 01 0 03 0 03
C 0.04 0.02 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.I0 0.15 0.10 0.04 0 01 0.03 0 03
D 0.24 0.13 0.03 0.02 0.01 0,02 0.04 0.02 0.21 0.55 0.72 0.45 0.20 0 06 0.34 0 34
E 0.20 0.07 0.04 0.01 0.01 0.00 0.02 0.01 0.12 0.37 0.53 0.27 0.14 0 05 0.24 0 24
F 0.07 0.04 0.01 0.02 0.00 0.00 0.00 0.00 0.03 0.07 0.13 0.06 0.01 0 O0 0.01 0 05
G 0.03 0.01 0.00 0.00 O.OO 0.00 O.O0 0.00 0.02 0.04 0.05 0.01 O.OO 0 O0 0.00 0 01

9 8 A 0.02 0.01 O.O0 0.00 0.00 0.00 O.O0 0.01 0.02 0.09 0.14 0.11 0.08 0 01 0 03 0 02
B 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03 0.04 0.05 0.03 0 00 0 01 0 02
C 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.05 0.05 0.01 000 0 01 0 O0
D 0.04 0.03 0.00 O.OO 0.00 0.00 0.00 0.00 0.04 0.18 0.29 0.16 0.08 0 01 0 14 0 08
E 0.04 0.08 0.02 0.01 0.00 0.00 0.00 O.OO 0.02 0.11 0.26 0.05 0.03 0 00 0 08 0 06
F 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.04 0.00 0.00 000 0 O0 0 O0
G 0.00 0.00 0.00 0.00 0.00 O.O00.OO 0.00 0.00 0.01 0.02 0.00 0.00 000 0 O0 0 O0

13 A 0.00 0.00 0.00 0.00 O.OO 0.00 0.00 0.00 0.00 0.02 0.05 0.03 0.04 0.00 0 O0 0.00
B 0.00 0.01 0.00 0.00 0.00 0.00 O.O0 0.00 0.00 0.01 0.02 0.01 0.01 0.00 0 O0 0.00
C 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 O.OO O.O0 0.00 0 O0 0.00
D 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.07 0.18 0.06 0.03 0.00 0 04 0.02
E 0.03 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.05 0.14 0.01 0.01 O.OO 0 01 O.OO
F 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0 O0 0.00
G 0.00 0.00 0.00 O.O0 0.00 0.00 0.00 O.OO 0.00 O.OO 0.00 0.00 0.00 0.00 0 O00.OO

16 A 0.00 0.01 0.00 0.00 O.OO 0.00 0.00 0.00 0.00 O.O0 0.02 0.00 0.00 0.00 0.00 0.00
B 0.00 O.Ol 0.00 0.00 0.00 O.O0 O.O0 O.OO 0.00 0.00 0.01 0.00 0.00 O.OO 0.00 0.00
C 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 O.OO 0.00 0.00 0.00 0.00
D 0.04 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.07 0.01 0.01 0.00 0.00 0.00
E 0.03 0.04 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.00 0.00 0.00 0.00 0.00
F 0.03 0.01 0o00 0.00 0.00 0.00 0.00 0.00 0.00 O.O0 0.00 0.00 0.00 O.OO 0.00 0.00
G 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.OO 0.00 0.00 0.00 0.00 0.00 0.00

19. A 0.03 0.05 0.00 0.00 0.00 0.00 O.O0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
.B 0.02 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C 0.02 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
D 0.05 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00
E 0.12 0.15 0.00 0.00 0,00 O.OO 0.00 0.00 O.O0 0.01 0.00 0.00 0.00 0.00 O.OO 0,00
F 0.06 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.OO 0.00 0.00 0.00 O.OO 0.00
6 0.00 0.00 0.00 O.OO O.OO 0.00 0.00 0.00 O.OO 0.00 0.00 0.00 0.00 O.OO 0.00 0.00
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TABLEH,3,8, Joint Frequency Distributions for the 300 Area -- 6]-m Tower -- 1983-1991 Data

M4dpoint Wind
Speed Cla_s Pasquill PeFcentaqe 9f Time Wind Blows from th_ 300 Area Towards the Direction Indicated

(_msee"1) _ S SSW _ WSW kt WNW N__WNNW kt NNE NE ENE ..L ESE SE S_

0.89 A 0.09 0.05 0.07 0.07 0.15 0.08 0 I0 0.12 0.09 0.05 0.04 0.05 0.03 0.02 0.05 0.06
B 0.07 0 03 0.03 0.03 0 07 0.03 0 06 0.05 0.05 0.03 0.03 0.03 0.04 0.03 0.03 0.06
C 0.07 0 02 0.02 0.04 0 06 0.06 0 07 0.05 0.06 0.03 0.02 0.02 0.04 0.03 0.04 0.05
D 0.34 0 16 0.11 0.13 0 26 0.31 0 34 0.34 0.41 0.27 0.29 0.22 0.27 0.17 0.25 0.34
E 0.25 0 08 0.08 0.06 0 18 0.25 0 36 0.28 0.42 0.25 0.26 0.24 0.32 0.23 0.24 0.28
F 0.23 0 10 0.05 0.05 0 14 0.30 0 41 0.35 0.43 0.24 0.22 0.17 0.25 0.21 0.25 0.26
G 0.15 0 06 0.03 0.02 0 08 0.17 0 27 0.22 0.29 0.13 0.14 0.10 0.18 0.11 0.14 0.16

2.7 A 0.20 0,20 0.26 0.28 0.66 0.38 0.35 0.21 0.19 0.17 0,20 0.15 0.08 0.04 0.05 0.13
B 0.12 0.10 0.08 0.10 0.16 0.13 0.14 0.10 0.09 0.09 0,07 0.06 0.04 0.01 0.03 0.06
C 0.12 0,10 0.06 0.08 0.15 0.13 0.17 0.09 0.09 0.07 0,08 0.04 0.03 0.02 0 04 0.08
D 0.83 0.35 0.24 0.23 0.67 0.70 0.85 0.56 0.66 0.49 0.37 0.26 0.24 0.19 0._2 0.61
E 0.52 0,12 0.07 0.09 0.28 0.56 0.68 0.64 0.80 0.41 0,37 0.25 0.37 0.31 0.40 0.49
F 0.37 0.08 0,04 0.02 0.12 0.40 0.68 0.55 0.55 0.28 0.21 0.14 0.20 0.18 0.22 0.35
G 0.20 0,03 0.01 0.01 0.05 0,18 0.29 0,23 0.22 0.10 0.06 0,05 0.07 0.08 0.15 0.19

4,7 A 0.29 0,41 0.31 0.15 0.25 0.26 0,26 0.16 0.27 0.35 0.44 0.23 0.12 0.04 0.04 0 09
B 0.13 0,13 0.07 0.04 0.07 0.07 0.09 0.05 0.09 0,14 0.11 0.08 0.05 0.02 0 01 0 05
C 0.15 0.11 0.07 0.04 0.06 0.09 0.08 0,04 0.10 0.10 0.13 0.07 0.03 0.01 0 03 0 08
D 0.87 0.43 0.26 0.18 0.31 0.40 0.55 0.34 0.55 0.66 0.63 0.38 0.26 0.15 0 36 0 66
E 0.85 0,21 0.06 0.05 0.17 0.54 0.75 0.46 0.82 0.45 0.47 0.35 0.31 0.24 0 31 0 60
F 0.54 0.07 0.02 0.02 0.09 0.40 0.61 0.32 0.48 0.23 0.15 0.11 0.11 0.10 0 16 0 38
6 0.28 0.03 0.00 0.00 0.02 0.16 0.29 0._ 0.16 0.08 0.06 0.03 0.03 0.03 0 08 0 16

7.2 A 0.25 0.25 0.10 0.01 0.02 0.01 0.06 0.03 0.10 0.29 0.46 0.38 0.12 0.06 0.08 0.07
R 0.07 0,07 0.03 0.01 0.01 0.01 0.02 0.01 0.05 0.09 0 12 0.10 0,05 0.02 0.02 0.04
C 0.10 0.07 0.02 0.01 0.01 0.01 0.02 0.02 0.03 0.10 0 13 0.09 0.03 0.01 0.04 0.04
D 0.64 0,26 0.15 0.02 0.03 0.09 0.15 0,12 0.34 0.61 0 70 0.45 0,22 0.11 0.29 0.53
E 0.88 0,16 0.04 0.01 0,05 0.19 0.25 0,19 0.44 0.51 0 53 0.42 0.23 0.15 0.31 0.53
F 0.57 0.07 0.01 0.02 0.03 0.17 0.25 0.13 0.20 0.20 0 20 0.08 0.04 0.04 0.08.0.25
G 0.29 0,04 0.00 0.00 0.01 0.06 0.09 0.04 0.05 0.04 0 04 0.01 0.01 0.01 0.02 0.11

9.8 A 0.06 0.04 0.02 0.01 0.00 0 O0 0.01 0.01 0.04 0.14 0.22 0.20 0 08 0.02 0.06 0.03
B 0.03 0.01 0.00 0.00 0.00 0 O0 0.01 0.00 0,02 0.06 0.05 0 06 0 03 0.01 0.03 0.03
C 0.02 0.02 0.00 0.00 0.00 0 O0 0.00 0.00 0.03 0.05 0.07 0 07 0 03 0.01 0.02 0.02
D 0.19 0.07 0.02 0.01 0.01 0 01 0.03 0.02 0.14 0.34 0.44 0 30 0 15 0.05 0.27 0.31
E 0.44 0.10 0.03 0.02 0.02 0 05 0.07 0.04 0.14 0.32 0.42 0 26 0 15 0.06 0.22 0.29
F 0.34 0.07 0.01 0.01 0.01 0 07 0.07 0.02 0.08 0.09 0.13 0 06 0 02 0.01 0.02 0.12
G 0.18 0.02 0.00 0.00 0.00 0 02 0.03 0.01 0.01 0.03 0.04 0 01 0 01 0.00 0.00 0.04

13. A 0.01 0.01 0 O0 0.00 0.00 0 O0 0 O0 0.01 0.01 0.07 0.10 0.08 0.08 0.02 0.04 0.01
B 0.01 0.02 0 O0 0.00 0.00 0 O0 0 O0 0.00 0 O1 0.03 0.04 0.04 0.04 0.00 0.01 0.02
C 0.01 0.01 0 O0 0.00 0.00 0 O0 0 O0 0.00 0 01 0.02 0.04 0.04 0.01 0.00 0.02 0.01
D 0.06 0.03 0 O0 0.00 0.00 0 O0 0 01 0.01 0 06 0.19 0.27 0.17 O.Ol 0.02 0.19 0.14
E 0.18 0.08 0 01 0.01 0.01 0 02 0 02 0.01 0 06 0.20 0.28 0.14 0.08 0.02 0.19 0.13
F 0.14 0.03 00l 0.01 0.01 0 03 0 02 0.01 0 03 0.05 0.07 0.03 0.01 0.00 0.02 0.03
6 0.08 0,01 0,00 0.00 0.00 0 O0 0 02 0.00 0 O1 0.01 0.03 O.OC 0.00 0.00 0.00 0.01

16. A 00l 0 O0 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.04 0.03 0.03 0.00 0.00 0.00
B 0 O0 0 01 0.00 0.00 0.00 0.00 0.00 0 O0 0.00 0.01 0.01 0.01 0.01 0.00 0.01 0.01
C 0 01 0 O0 0.00 0.00 0.00 0.00 0.00 0 O0 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00
D 0 03 0 02 0.00 0.00 0.00 0.00 0.01 0 O0 0.03 0.09 0.17 0.07 0.04 0.00 0.07 0.04
E 0 04 0 03 0.02 0.01 0.00 0.00 0.00 0 O0 0.02 0.09 0.21 0,05 0.02 0.00 0.04 0.04
F 0 06 0 03 0.01 0.00 0.00 0.00 0.01 0 01 0.01 0.04 0.03 0,00 0.00 0.00 0.00 0.01
6 0 02 0 01 0.00 0.00 0.00 0.00 0.00 0 O0 0.01 0,01 0.01 0.00 0,00 0.00 0.00 0.00

19. A 0 02 0 04 0,00 0,00 0.00 0,00 0.00 0 O0 0.00 0.01 0.04 0.01 0,01 0.00 0.00 0.00
B 0 O1 0 04 0.00 0.00 0.00 0.00 0.00 0 O0 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0,00
C 0 02 0 05 0.00 0.00 0.00 0.00 0.00 0 O0 0.00 0.02 0.03 0.00 0.00 0.00 0.00 0.00
D 0 06 0 07 0.00 0.01 0.00 0.00 0.00 0 O0 0.01 0.09 0.23 0.04 0.03 0.00 0.02 0.02
E 0 08 0 12 0.01 0.01 0.00 0.01 0.01 0 O0 0.01 0.10 0.21 0,02 0.01 0.00 0.01 0.00
F 0 05 0 04 0.01 0.01 0.00 0.00 0.01 0 O0 0.01 0.01 0.04 0.01 0.00 0.00 0.00 0.00
G 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0 01 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.00
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TABLEH,3,9. Joint Frequency Distributions for the 300 Area -- 89-m Tower -- 1983-1991 Data

Mtdpotnt Wind
Speed Class Pasquill ..... Per_;entaqe of Time Wlnd Blqws frm th_ 300 Area T.owardsthe Direction Indicated

(m sec'I) _ s ssw sw wsw _ WN_.._WNW NNW N NN_ N__ ENE _ ESE SE SS.._._.E

0.89 A 0,09 0,05 0.08 0.07 0.17 0.09 0.10 0.12 0.09 0.05 0.04 0,05 0.03 0.02 0.05 0.06
B 0.07 0.04 0.03 0.03 0.07 0.03 0.06 0.05 0.05 0.03 0.03 0.02 0.04 0.03 0.02 0.05
C 0.06 0.02 0.02 0.04 0.06 0.06 0.08 0.06 0.06 0.04 0.03 0.02 0.03 0.03 0.04 0.05
D 0.35 0.16 0.11 0.13 0.25 0.32 0.36 0.33 0.43 0.27 0.28 0.21 0.25 0,17 0.24 0.37
F, 0.24 0.08 0.06 0.05 0.17 0.27 0.35 0.29 0.41 0.23 0.26 0.24 0.28 0.22 0.23 0.26
F 0.24 0.10 0.04 0.05 0.15 0.29 0.40 0.34 0.39 0.25 0.22 0.16 0.26 0.18 0.24 0.28
G 0.18 0.06 0.03 0.02 0.06 0.18 0.27 0.22 0.27 0.14 0.14 0.10 0.17 0.12 0.16 0.18

2.7 A 0.19 0.16 0.25 0.29 0.61 0.36 0.32 0.21 0.20 0.17 0.19 0.13 0.07 0.04 0.05 0.13
B 0.11 0.09 0.08 0.09 0.15 0.13 0.14 0.10 0.08 0.09 0.06 0.06 0.03 0.01 0.03 0.07
C 0.12 0.10 0.07 0.08 0.14 0.12 0.15 0.09 0.09 0.07 0.07 0.04 0.03 0.02 0.05 0.07
D 0.77 0.34 0.22 0.22 0.64 0.64 0.76 0.54 0.61 0.47 0.39 0.24 0.24 0.17 0.29 0.53
E 0.51 0.12 0.07 0.09 0.26 0.49 0.58 0.57 0.68 0.36 0.33 0.20 0.36 0.27 0.33 0.47
F 0.40 0.08 0.05 0.03 0.12 0.35 0.61 0.50 0.53 0.24 0.18 0.14 0.17 0.19 0.23 0.34
G 0.23 0.03 0.01 0.01 0.06 0.17 0.30 0.23 0.19 0.09 0.07 0.05 0.07 0,08 0.14 0.21

4.7 A 0.30 0.42 0.32 0.15 0.28 0.26 O 29 0.16 0.25 0.34 0 43 0.24 0 11 0.05 0 04 0.09
B 0 13 0 13 0.07 0.04 0.08 0 08 0 09 0.05 0.09 0.14 0 12 0.07 0 04 0.02 0 01 0.04
C 0 14 0 12 0.06 0.04 0.07 0 09 0 09 0.05 0.09 0,10 0 14 0.07 0 03 0.01 0 03 0.08
D 0 90 0 41 0.28 0,17 0,33 0 42 0 56 0.33 0.54 0.64 0 60 0.36 0 Z5 0.14 0 35 0.64
F, 0 73 0 19 0,07 0.05 0.18 0 49 0 71 0.47 0.77 0.43 0 42 0.32 0 27 0.26 0 33 0.57
F 0 56 0 07 0.02 0.02 0.09 0 38 0 57 0,31 0.44 0.23 0 17 0.09 0 12 0.11 0 15 0.40
G 0 31 0 04 O.OO 0.00 0.02 0 14 O 26 0.11 0.16 0.07 0 04 0.03 0 02 0.03 0 07 0.16

7.2 A 0.23 0.26 0 09 0.02 0 02 0.02 0.06 0.04 0.11 0.28 0.44 0 33 0 12 0 05 0 08 0.07
B 0.08 0.09 0 0_. 0.01 O 01 0.01 0.02 0.01 0.05 0.09 0.11 0 11 0 05 0 01 0 02 0 04
C 0.11 0.06 0 03 0.01 0 02 0.02 0.03 0.02 0.04 0.10 0.13 0 08 0 02 0 01 0 04 0 04
D 0.58 0.29 0 15 0.03 0 05 0.09 0.20 0.14 0.34 0.57 0.63 0 41 0 21 0 12 0 26 0 52
E 0.86 0.17 0 04 0.01 0 06 0.26 0.34 0.20 0.52 0.50 0.49 0 39 0 27 0 16 0 31 0 52
F 0.55 0.07 0 01 0.01 0 02 0.21 0.29 0.16 0.Z6 0.21 0.18 0 09 0 05 0 04 0 08 0 22
G 0.27 0.03 0 O0 O.OO 0 01 0.05 0.10 0.03 0.06 0.05 0.04 0 02 0 01 0 O0 0 02 0 10

9.8 A 0.07 0.05 0.02 0 01 0.00 0.00 0.02 0 01 0.04 0.15 0.20 0.21 0.08 0.03 0.06 0 04
B 0.03 0.01 O.O0 0 OO 0.00 O.OO 0.01 0 OO 0.02 0 06 0.06 0.05 0.04 0.01 0.02 0 03
C 0.02 0.02 0.01 0 O0 0.00 0.00 0.00 O 01 0.03 0 05 0.06 0.06 0.03 0.01 0.02 0 01
D 0.24 0.08 0.02 0 01 0.01 0.03 0.03 0 04 0.15 0 35 0.45 0.31 0.15 0.05 0.26 0 32
E 0.49 0.09 0.02 0 01 0.02 O.Ol 0.09 0 06 0.18 0 31 0.38 0.26 0.16 0.08 0.21 0 29
F 0.26 0.06 0.00 0 01 0.01 0.07 0.11 0 04 0.08 0 09 0.12 0.04 0.02 0.01 0.04 0 11
G 0.15 0.01 0.00 0 O0 0.00 0.03 0.03 0 Ol 0.02 0 02 0.03 0.01 0.01 0.00 0.00 0.02

13. A 0.02 0.01 O.OO 0.00 O.OO O.O0 0.00 O 01 0 01 0 07 0,13 0.09 0.07 0.01 0.03 0.01
B 0.01 0.01 0.00 O.OO 0.00 0.00 O.OO 0 O0 0 01 0 02 0.04 0.04 0.03 0.00 0.01 0.02
C 0.01 0.01 0.00 0.00 O.OO 0.00 0.00 0 OO 0 01 0 02 0.04 0.04 0.01 O.OO 0.02 0.01
D 0.10 0.03 0.01 0.01 0.01 0.01 0.01 0 01 0 08 0 20 0.28 0.19 0.09 0.03 0.21 0.17
E 0.26 0.08 0.02 0.01 0.01 0.02 0.06 0 03 0 10 0 24 0.32 0.20 0.09 0.02 0.20 0.19
F 0.16 0.03 0.01 0.01 0.01 0.04 0.04 0 02 0 05 0 05 0.08 0.05 0.01 0.01 0.01 0.05
G 0.04 0.02 O.OO 0.00 0.00 0.02 0.02 0 O0 0 01 0 01 0.02 0.01 0.01 0.00 0.00 0.00

16. A 0.01 0.01 O.O0 O.OO 0.00 0.00 O.O0 0 O0 0 OO 0.02 0.05 0.03 0.03 0.00 0.01 0.01
B 0.00 0.01 0.00 O.OO 0.00 0.00 O.O0 0 _0 0 O0 0.01 0.02 0.02 0.01 O.OO 0.01 0.01
C 0.01 0.01,0.00 0.00 0.00 0.00 0.00 0 O0 0 O0 0.01 0.02 0.01 0.01 0.00 0.01 0.01
D 0.03 0.02 0.00 0.00 0.00 0.00 0.01 0 01 0 03 0.10 0.17 0.10 0.04 0.01 0.11 0.07
E 0.07 0.04 0.02 0.01 0.01 0.01 0.02 0 gl 0 03 0.13 0.19 0.06 0.03 0.01 0.09 0.06
F 0.06 0.03 0.01 O.O0 0.01 0.02 0.02 0 01 0 01 0.03 0.04 0.01 0.00 0.00 0.01 0.02
G 0.02 0.00 O.OO 0.00 0.00 0.01 0.01 0 O0 0 01 0.02 0.02 0.00 0.00 0.00 0.00 0.00

19. A 0.02 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.04 0.01 0.02 0.00 0.00 0.00
B 0.01 0.04 0.00 O.OO O.O0 0.00 O.O0 0.00 O.OO 0.01 0.02 0.01 0,00 0.00 0,00 0.00
C 0.02 0.05 0.00 O.OO 0.00.0.00 O.OO 0.00 0.01 0.02 0.04 0.00 0.00 0.00 0.00 0.00
0 0.06 0.07 O.OO 0.01 0.00 0.00 0.01 0.01 0.02 0.15 0.30 0,06 0.04 0.00 0.03 0.03
F' 0.I0 0.14 0.02 0.01 O.O0 0.01 0.01 0,00 0.03 0.14 0.35 0,05 0.02 0.00 0.03 0.02
F 0.07 0.04 0.01 0.01 O.O0 0.01 0.01 0.01 0.02 0.04 0.06 0.01 0.00 O.OO 0.01 0.01
G 0.01 0.01 O.OO 0.00 O.O0 O.O0 0.01 0.01 0.01 0.01 0.02 0.01 0.00 0.00 0.00 0.00

i
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!ABLE H,.3,10. Joint Frequency Otstributions for the 400 Area -- 10t Tower -- 1983-1991 Data

Midpoint Wind
Speed Cla_s Pasquill ..... p_rce,nta¢le of Time Wind B19,wsFrom t.,he400 Area Towards the,, Direc,tion Indicated

(msec "I) Cateaory S _ 5_WW WSW _ WN...._WN..W,WNN_..WW_ NNE _ ENE _LE ES_._EES._EESSE

0.89 A 0.12 0.11 0.08 0.11 0.14 0.15 0.10 O,Ol 0.13 0.08 0.06 0.06 0.08 0.06 0 05 0.07
B 0.06 0.05 0.05 0.05 0.07 0.05 0.04 0,03 0.06 0.03 0.03 0.02 0.03 0,03 0 03 0.03
C 0.06 0.06 0.04 0.05 0.07 0.05 0.07 0,05 0.04 0.04 0.04 0.02 0.05 0,03 0 04 0.04
D 0.44 0.28 0.27 0.23 0.33 0.31 0.29 0.31 0.41 0.31 0.26 0.20 0.29 0.26 0 34 0.34
E 0.34 0.21 0,19 0.15 0.25 0.23 0.20 0,23 0.46 0.32 0.29 0.28 0.38 0.30 0 29 0.34
F 0.31 0.20 0.15 0.13 0,19 0.13 0.16 0.16 0.34 0.23 0.25 0.19 0.26 0.20 0 20 0.20
G 0.18 0.09 0.06 0.05 0.08 0.07 0.07 0.08 0.14 0.12 0.09 0.07 0.14 0.08 0 11 0.10

2.7 A 0.40 0.35 0.36 0.30 0,40 0.40 0.41 0.41 0.70 0.38 0.17 0.12 0.21 0,16 0 17 0.19
B 0.15 0.11 0.11 0.08 0.13 0.08 0,11 0.13 0.19 0.14 0.05 0.05 0.06 0.04 0 08 0.08
C 0.15 0.11 0.10 0,06 0.09 0,08 0.12 0.14 0.22 0.10 0.05 0.03 0.06 0.06 0 08 0.09
D 0,84 0.56 0.47 0.34 0.45 0.37 0.64 0,92 1.21 0.71 0.34 0.23 0.49 0.61 0 82 0.69
E 0.71 0.38 0.28 0.17 0.21 0.25 0.50 0.84 1.3l 0.88 0.53 0.40 0.72 0.73 0 91 0.64
F 0.70 0,48 0.26 0.12 0.15 0.13 0.35 0.64 1.09 0.61 0.39 0.20 0.30 0.33 0 57 0.50
G 0.39 0.27 0.13 0.05 0.05 0.05 0.11 0.25 0.47 0.22 0.14 0.07 0.10 0.17 0 28 0.28

4.7 A 0.44 0.33 0.17 0.08 0.11 0.08 0.11 0,15 0.77 0.68 0.24 0.16 0.23 0 16 0 23 0 20
B 0.15 0.09 0.04 0.02 0.03 0.03 0.04 0,06 0.24 0.24 0.07 0.06 0.04 0 03 0 09 0 07
C 0,10 0,11 0,05 0.02 0.02 0.03 0.04 0.06 0.17 0.21 0,06 0.03 0.06 0 04 0 08 0 10

D 0.46 0.36 0.21 0.09 0.07 0.09 0.22 0.55 1.25 1.08 0.40 0.20 0.38 0 71 I 04 0 59
E 0.27 0.22 0.09 0.04 0.02 0.04 0.21 0.83 1.29 1.02 0.44 0.23 0.44 0 93 i 37 0 56
F 0.22 0.19 0,06 0.02 0.00 0.01 0.14 0.80 0.99 0.58 0.18 0.07 0.09 0 24 0 69 0 40
G 0.10 0.07 0.02 0.00 0.00 0.00 0.06 0,43 0.40 0.18 0.05 0.01 0.01 0 08 0 32 0 21

7.2 A 0.I0 0.09 0.05 0.01 0.00 0.00 0.01 0.02 0.20 0.62 0.34 0.21 0 22 0 13 0.19 0 11
B 0.03 0.04 0.01 0.01 0.00 0.00 0.01 0,01 0.05 0.21 0.07 0.07 0 07 0 04 0.05 .003
C 0,03 0.03 0.01 0.00 0.00 0,00 0.01 0.01 0.05 0.19 0.09 0.06 0 04 0 05 0.04 0 02
D 0.14 0.12 0.04 0.01 0.01 0.01 0.05 0.05 0.38 1.02 0.48 0.22 0 22 0 37 0.56 0 15
E 0.05 0.09 0.04 0.01 0.00 0.01 0.01 O.Ol 0.29 0.72 0,41 0.17 0 15 0 34 0.49 0 14
F 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.06 0.16 0.30 0.09 0.02 0 02 0 02 0.05 0 04
G 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.05 0.09 0.12 0.03 0.01 0 00 0 O0 0.03 0 02

9.8 A 0.01 0.03 0.01 0.01 0.00 0.00 0.00 0.00 0.02 0.13 0.15 0.11 0 09 0 03 0.06 0.01
B 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03 0.05 0.04 0 02 0 01 0.02 0,01
C 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.05 0.02 00l 00l 0.02 0.01
D 0.02 0.05 0.01 0.01 0.00 0.00 0.00 0.00 0.03 0.21 0.28 0.13 0 09 0 12 0.25 0.03
E 0.01 0.09 0.02 0.00 0.00 0.00 0.00 0,00 0.02 0.17 0.21 0.06 0 03 0 07 0.11 0.01
F 0.00 0.01 0.00 0.00 0.00 0,00 0.00 0.00 0.01 0.02 0.03 0.00 0 O0 0 O0 0.00 0.00
6 0.00 0.00 O.OO 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0,01 0.00 0 O0 0 O0 0.00 0.00

13. A 0.00 0.01 0 O0 0.00 0.00 0.00 0 00 0.00 0.00 0.02 0.06 0.03 0 02 0 01 0.01 0.00
B 0.00 0.01 0 O0 0.00 0.00 0.00 0 O0 0.00 0.00 0.01 0,02 0.01 0 O0 0 O0 0.00 0.00
C 0.00 0.01 0 O0 0.00 0.00 0.00 0 O0 0.00 0.00 0.00 0.02 0.01 0 01 0 O0 0.01 0.00
D 0.01 0.05 0 01 0,00 0.00 0.00 0 O0 0.00 0.00 0.07 0,21 0.05 0 02 0 01 0.04 0.01
E 0.00 0.05 00l 0.00 0.00 0.00 0 O0 0.00 0.00 0.06 0,08 0.01 0 O0 0 01 0.02 0,00
F 0.00 0.02 0 O0 0.00 0.00 0.00 0 O0 0.00 0.00 0.00 0.00 0.00 0 O0 0 O0 0.00 0.00
G 0.00 0.00 0 O0 0.00 0.00 0.00 0 O0 0.00 0.00 0.00 0.00 0.00 0 O0 0 O0 0.00 0.00

16. A 0.00 0.01 0 O0 0.00 0.00 0.00 0 O0 0.00 0.00 0.01 0.02 0.00 0 O0 0 O0 0.01 0.00
B 0.00 0.02 0 O0 0.00 0.00 0.00 0 O0 0.00 0.00 0.00 0.00 0.00 0 O0 0 O0 0.00 0.00
C 0.00 0.00 0 00 0.00 0.00 0.00 0 O0 0.00 0.00 0.00 0.01 0.00 0 O0 0 O0 0.00 0.00
D 0.01 0.03 0 O0 0.00 0.00 0.00 0 O0 0.00 0.00 0.02 0.05 0.01 0 02 0 O0 0.00 0.00
E 0.01 0.04 0 01 0.00 0.00 0.00 0 O0 0.00 0.00 0.01 0.03 0.00 0 O0 0 01 0.00 0.00
F 0.00 0.01 0 O0 0.00 0.00 0.00 0 O0 0.00 0.00 0.00 0.00 0.00 0 O0 0 O0 0.00 0.00
G 0.00 0,00 0 O0 0.00 0.00 0.00 0 O0 0.00 0.00 0.00 0.00 0.00 0 O0 0 O0 0.00 0.00

19. A 0.02 0.03 0.00 0.00 0.00 0.00 0 O0 0.00 0.00 0 O0 0.01 0.00 0 00 0 O0 0.00 0.00
B 0.01 0.02 0,00 0.00 0.00 0.00 0 O0 0,00 0.00 0 00 0.00 0.00 0 O0 0 O0 0.00 0.00
C 0.02 0.03 0.00 0.00 0.00 0.00 0 O0 0.00 0.00 0 00 0.00 0.00 0 O0 0 O0 0.00 0.00
D 0.07 0.05 0.00 0.00 0.00 0.00 0 00 0.00 0.00 0 00 0.01 0.00 0 O0 0 O0 0.00 0.00
E 0.09 0.08 0.00 0.00 0.00 0.00 0 O0 0,00 0.00 0 00 0.01 0,00 0 O0 0 O0 0.00 0,00
F 0.04 0.04 0.00 0.00 0.00 0.00 0 O0 0.00 0.00 0 00 0.00 0.00 0 O0 0 O0 0.00 0.00
G 0.01 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0.00 0 O0 0.00 0.00 0 O0 0 O0 0.00 0.00

,i Iiii ......... ii_i i. ii
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TABLE H.3.1!. Joint Frequency Distributionsfor the 400 Area -- 61-m Tower -- 1963-1991 Data

Midpolnt Wind
Speed Class PasquiIl Percenta.qeof Time Wind Blows fro,mthe 400 Area Towards the Direction Indlcated

(m s,ec"1) Cateqory _ SS__WWSV/ WSW W WNW N_WW NNW N NN__.EENE EN__.EE_ ES___EES_EE SS__.EE

0.89 A 0.12 0.10 0.08 0.11 0.14 0,15 0.10 0.08 0.14 0.08 0.05 0.06 0,07 0.05 0.05 0,07
B 0.05 0.05 0.05 0,05 0.06 0.05 0.04 0,03 0,07 0.03 0.02 0.02 0.03 0.02 0.03 0.03
C 0.06 0.04 0.04 0.04 0.06 0.04 0.07 0.05 0,04 0.04 0.03 0.01 0,05 0.03 0,04 0.04
D 0.32 0,23 0.20 0.18 0,25 0,26 0.24 0.28 0.36 0.26 0.19 0,15 0,22 0.19 0.22 0.21
E 0.19 0,14 0.10 0.10 0.13 0.13 0.14 0.19 0.37 0.22 0.18 0.17 0.23 0.19 0.19 0.19
F 0.22 0.14 0.10 0.09 0.13 0.11 0.15 0.20 0.34 0.20 0.20 0.12 0.20 0.14 0.16 0.16
G 0.13 0.08 0.06 0.03 0.06 0.07 0.07 0.18 0.22 0.13 0.09 0.07 0.12 0,09 0.12 0,09

2.7 A 0,32 0.28 0.28 0.28 0.39 0.37 0.37 0.34 0.55 0.32 0.16 0.09 0,17 0 13 0 13 0.15
B 0.12 0.09 0.08 0.06 0.12 0.07 0.10 0.11 0.15 0.12 0.05 0.05 0.05 0 04 0 06 0.07
C 0.13 0.08 0.08 0.05 0.09 0.08 0.10 0.11 0.16 0.08 0.04 0.03 0.05 0 03 0 06 0,08
D 0.58 0.41 0.37 0.26 0.38 0.33 0.46 0.59 0.85 0.49 0.25 0.15 0.33 0 36 0 47 0.41
E 0.32 O.2O 0.19 0.12 0.21 0.21 0.25 0.45 0.68 0.46 0.31 0.24 0.37 0 29 0 38 0.33
F 0.35 0.23 0.15 O.O7 0.12 0.09 0.18 0.36 0.64 0.31 0,23 0.16 0.18 0 18 0 23 0,22
G 0.18 0.12 0.06 0.03 0.04 0.04 0.08 0.20 0.30 0.16 0.10 0,04 0.08 0 I0 0 15 0.16

4.7 A 0.39 0.31 0.21 0.10 0.13 0.13 0.15 0.19 O 77 0 51 0 17 0.13 0.19 0.15 0.16 0 17
B 0 14 0.09 0.06 0.04 0.04 0.04 0 04 0,07 0 20 0 16 0 06 0.04 0.03 0.02 0.06 0 06
C 0 10 0.10 0.06 0.03 0.03 0,03 0 04 0.06 0 16 0 16 0 04 0,02 0.05 0.04 0.06 0 07
D 0 59 0.38 0.26 0.14 0.16 0.14 0 32 0.55 0 97 O 75 0 27 0.15 0.34 0.46 0.63 0 55
E 0 41 0.21 0.15 0.09 0.10 0.11 0 28 0.60 I 02 0 71 0 37 0.27 0.50 0.53 0.60 0 43
F 0 37 0.22 0.11 0.06 0.07 0.06 0 17 0.48 0 73 0 44 O 21 0,11 0.16 0.20 0.37 0 29
(3 0 19 0.11 0.05 0.02 0.02 0.01 0 04 0.19 O 26 0 14 0 06 0.02 0.04 0.07 0.19 0 13

7.2 A 0.22 0.17 0.08 0.02 0.02 0 01 0.03 0.05 0.32 0.63 0.28 0.17 0.23 0.11 0.19 0.15
B 0.07 0.05 0.01 0.01 0.00 0 O0 0.02 0.01 0.10 0.22 0.06 0.05 0,05 0.03 0.07 0.03
C 0.04 0.05 0.02 0.01 0.00 0 Ol 0.02 0.02 0.07 0.18 0.06 0.04 0.03 0.03 0.05 0.04
D 0.27 0.19 0.09 0.04 0.02 0 04 0.10 0,25 0.65 0.86 0.37 0.20 0.29 0.50 0.75 0.40
E 0.27 0.18 0.07 0.02 0.02 0 04 0.15 0.43 0.73 0.74 0.34 0,20 0.39 0.73 0.94 0.44
F 0.21 0.14 0.06 0,02 0.02 0 01 0.09 0.33 0.52 0.39 0.14 0.07 0.09 0.16 0.45 0.26
G 0.13 0.08 0.04 0.01 0.01 0 01 0.03 0.11 0.19 0.13 0,04 0.02 0.01 0.04 0,14 0,13

9.8 A 0.05 0.05 0.03 0.01 0.00 0.00 0.00 0.01 0.08 0.29 0.21 0.12 0.12 0.08 0.12 0.04
B 0.02 0.01 0 01 0.00 0.00 0.00 O.OO O.O0 0.02 0.08 0.04 0.04 0.04 0.02 0 03 0.02
C 0.02 0.02 0 01 0.00 0.00 0.00 0.00 0.01 0.02 0.08 0,06 0.03 0.03 0.03 0 03 0,01
D 0.09 0.08 0 02 0.01 O.O0 0.01 0.03 0.04 0.24 0.58 0.32 0.16 0.19 0.33 0 57 0,14
E 0.10 0.12 0 04 0.01 O.OO 0.01 0.06 0.17 0.37 0.51 0.26 0.13 0.17 0.43 0 73 0.22
F 0.10 0.11 0 03 0.01 0.01 0.00 0.03 0.14 0.21 0.20 0.07 0.02 0.03 0.08 0 23 0,16
G 0,05 0.04 0 02 0.00 0.00 0.00 0.01 0.07 0.09 0.05 0.03 O.O00.O0 0.02 0 10 0.07

13. A 0.01 0.02 0.00 O.O0 O.OO 0.00 O.OO 0.00 0.02 0.09 0.10 0.10 0.08 0 03 0 07 0.01
B O.O0 0.01 O.OO O.OO 0.00 0.00 0.00 O.OO 0.01 0.03 0.04 0.04 0.02 0 01 0 03 0.01
C 0.00 0.01 0.00 O.OO 0.00 0.00 O.O0 0.00 0.01 0.02 0.04 0.02 0.02 O 01 0 02 0.01
D 0.03 0.03 0.01 0.00 0.00 0.00 0.01 0.02 0.07 0.27 0.24 0.12 0.09 0 19 0 32 0.05
E 0.04 0.08 0.03 0.01 0.00 0.00 0.02 0.05 0.13 0.32 0.25 0.10 0.07 0 20 0 33 0.07
F 0.04 0.05 0.02 0.01 0.00 0.00 0.02 0.06 0.08 0.13 0.05 0.01 0.01 0 02 0 10 0,06
G 0.01 0.01 0.00 O.OO O.OO 0.00 0.00 0.02 0.02 0.03 0.01 0.00 O.OO 0 01 0 05 0.04

16. A O.OO O 01 0.00 O O0 0.00 0.00 O.OO O.OO O O0 0.02 0 06 0.03 0.02 O 01 0.01 0 OO
B 0 O0 0 01 0.00 O 00 0 O0 0.00 O.OO O.OO 0 OO 0 01 0 02 0.01 0.00 0 O0 O.O0 0 O0
C 0 O0 0 O0 0.00 0 O0 O 00 0.00 O.OO 0.00 O O0 O 01 0 02 0.01 0.01 O OO 0,01 0 O0
D 0 02 0 03 0.01 0 01 O 00 0.00 O.OO 0.01 0 01 0 11 O 19 0.06 0.03 0 06 0.10 0 01
E 0 01 0 04 0.03 0 DO 0 DO 0.00 0.01 0.02 O 05 0 16 O 16 0.04 0.02 0 04 0.09 0 01
F 0 01 0 03 0.00 000 0 O0 0.00 0.00 0.03 O 04 0 05 O 02 O.OO O 01 000 0,01 0 02
G 0 O0 O OO 0.00 O O0 0 O0 0.00 0.00 0.02 O 02 O 02 0 O0 0.00 C.O0 0 O0 0,02 0 OO

19. A 0 02 0.03 0.00 0.00 0 O0 0 OO 0 O0 O.OO 0.00 0 01 0.05 0.01 0,01 O.OO 0.01 0.00
B 0 O0 0.03 0.00 O.OO 0 O0 0 O0 0 O0 O O0 0.00 0 O0 0.02 0 O0 O.00 O.O0 O.OO O.OO
C 0 Ol 0.02 O.O0 O.OO 0 O0 0 O0 0 DO 0 O0 O.O0 0 O0 0.03 0 O0 0.00 0.00 0.00 0.00
D 0 03 0.09 0.00 O.O0 0 O0 0 O0 000 O OO O.OO 0 09 0.22 0 04 0.03 0.01 0.02 0.00
E 0 03 0.10 0.02 O.O0 0 O0 0 OO 0 OO 0 02 0.02 0 10 0,14 0 02 0.01 0.01 0.01 0.00
F 0 02 0.04 0.01 O.O0 0 O0 0 O0 0 00 0 03 0.03 0 04 0.02 0 O0 0.00 0.00 0.01 0.00
(3 0 O0 0.01 0.00 O.OO 0.00 0 O0 0 O0 0 02 0.02 0 02 0.00 0 O0 0.00 0.00 0.01 0.00

Report: RECOMMENDED ENVIRONMENTALDOSE CALCULATIONMETHODS AND HANFORD-SPECIFICPARAMETERS (PNL-3777Rev 2)
Appendix: H.3 HANFORDAREAMETEOROLOGICALINFORMATIONBASEDON 1983 THROUGH1991 OBSERVATIONS
Appendix H.3 Revision Number: 0 [HEDOP\PNL-3777.RV2_APH3-JFD.933] Appendix H.3 Rev 0
Revision Date: March 1993 Page 15 of 16

,,.



TABLE H.3.12. Joint Frequency Distributionsfor the 400 Area -- 89-m Tower -- 1983-1991Data

Midpoint Wind i
Speed Class Pasquill Percentageof Time Wind Blows from the 400 Area Towards the Direction Indicated

(m sec-I) CateqorY S SS.__ S_W.WWS___WWW WN.._WWN_WW NN.,.WWIN NN_._EENE EN___EE_ ES__.EES_E SS___EE

0.89 A 0.12 0.10 0.08 O 11 0.13 0.15 0 10 0.08 O 14 0 08 0.05 0 05 0.07 0.05 0.05 0.06
B 0.05 0.05 0.05 0 05 0.06 0.05 0 04 0.03 0 07 O 04 0.02 0 02 0.03 0.02 0.03 0.03
C 0.06 0.04 0.03 0 04 0.06 0.04 0 07 0.05 0 05 0 04 0.03 0 O1 0.05 0.03 0.03 0.04
D 0.33 0.22 0.21 0 18 0.23 0.26 0 23 0.30 0 37 0 26 0.20 0 14 0.22 0.19 0.23 0.22
E 0.18 0.15 0.11 0 lO 0.12 0.13 0 14 0.20 0 38 O 23 0.17 0 16 0.23 0.18 0.18 0.18
F 0.25 0.14 0.i0 0 08 0.12 0.09 0 14 0.19 0 35 0 19 0.20 0 11 0.19 0.15 0.17 0.17
G 0.15 0.I0 0.05 O 03 0.05 0.07 O 07 0.19 O 22 0 13 0.09 0 07 0.12 0.i0 0.14 0.12

2.7 A 0,30 0.27 0.25 0.26 0.38 O 35 0.35 0.33 0.51 0.32 0.16 0.10 0.16 0.12 0.12 0.15
B 0 13 0.09 0.08 0.06 0.11 O 07 0.10 0 09 0.14 0.12 0.04 0.04 0.05 0.04 0.06 0.06
C 0 13 0.08 0.08 0.05 .0.10 0 08 0.10 O 11 0.16 0.07 0.04 0,03 0,05 0.03 0.06 0.07
D O 54 G.40 0.34 0.25 0.37 0 30 0,43 0 56 0.81 0.45 0.24 0.14 0.30 0.34 0.42 0.39
E O 30 0.19 0.17 0.11 0.20 0 19 0.24 0 41 0.62 0.39 0.26 0.20 0.28 0.29 0.37 _0.32
F 0 32 0.23 0.12 0.07 0.10 0 11 0.16 0 36 0.60 0.30 0.19 0.14 0,16 0.16 0.26 0.23
G 0 21 0.11 0.07 0.03 0.04 0 03 0.07 O 19 0.26 0.15 0.09 0.04 0.08 0.09 0.17 0.15

4.7 A 0.40 0.31 0.24 0.11 0.15 0.14 0.17 0.19 0.77 0.50 0.17 0.12 0,19 0.15 0.16 0.18
B 0.13 0.09 0.06 0.04 0.04 0.05 0.05 0.08 0.21 0.15 0.06 0.03 0.03 0.02 0.06 0.06
C 0.10 0.10 0.07 0.03 0.04 0.03 0.04 0.06 0.16 0.17 0.05 0.02 0.05 0.03 0.06 0.06
D 0.56 0.38 0.25 0.15 0.18 0.15 0.32 0.49 0.94 0.72 0.24 0.13 0.30 0.39 0.63 0.54

'_ E 0.38 0.19 0.13 0.09 0.11 0.12 0.25 0.52 0.87 0.62 0.35 0.27 0.45 0.45 0.53 0.38
F 0.35 0.18 0.12 0.05 0.07 0,05 0.18 0.43 0.64 0.41 0.22 0.11 0.15 0.21 0.35 0.29
G 0.19 0.13 0.05 0.02 0.03 0.01 0.05 0.18 0.27 0.13 0.07 0.02 0.04 0.07 0.16 0.16

7.2 A 0.23 0.17 0.08 0.03 0.02 0.02 0.03 0.06 0.34 0.59 0.25 0.17 0.21 0.i0 0.18 0.14
B 0.08 0.06 0.02 0.01 0.01 0.00 0.01 0.02 0.11 0.22 0.06 0.06 0.04 0.03 0.06 0.03
C 0,05 0.05 0.02 0.01 O.00 0,02 0.02 0.03 0.07 0.17 0.06 0.03 0.03 0.04 0.05 0.05
D 0.31 0.21 0.10 0.04 0.03 0.05 0.13 0.28 0.63 0.80 0.35 0.18 0.31 0.46 0.65 0.38
E 0.27 0.17 0.08 0.03 0.03 0.04 0.16 0.44 0.78 0.74 0.33 0.20 0.40 0.61 0.82 0.42
F 0.21 0.15 0.06 0.03 0.03 0.02 0.09 0.32 0.55 0.36 0.13 0.08 0.10 0.15 0.41 0.25
G 0.09 0.07 0.03 0.01 0.00 0.01 0.03 0.12 0.20 0.11 0.03 0.01 0.01 0.04 0.17 0.12

9.8 A 0.06 0.06 0.03 0.01 O.O0 0.00 0.01 0,01 0.09 0.30 0.22 0.13 0.13 0.08 O 11 0.04
B 0.02 0.01 0.01 O.OO 0.00 O.OO 0.01 0.00 0.01 0.09 0.03 0.04 0.04 0.02 0 04 0.03
C 0.02 0.02 0.01 O,O0 O,OO 0.00 O.00 0.01 0.02 O.IO 0.06 0.03 0.03 0.03 0 04 0.02
D 0.10 0.06 0.03 0.01 0.01 0.01 0.04 0.07 0.27 0.59 0.28 0.16 0.18 0.34 0 51 0.15
E 0.13 0.10 0.03 0.01 0.01 0.01 O.Ol 0.18 0.39 0.48 0.25 0.13 0.24 0.49 0 66 0.26
F 0,08 0,08 0.03 0.02 0.01 O.OO 0.04 0.13 0.22 0.20 0.08 0.02 0.04 0.08 0 21 0.14
G 0.03 0.02 0.01 O,O0 0.00 O.OO 0.01 0.05 0.06 0.05 0.02 0.01 O.OO 0.03 0 09 0.05

13. A 0.01 0.02 0.01 0.01 O.OO 0.00 0.00 O.OO 0.02 0.11 0.11 0.09 0.08 0.04 0 07 0.01
B O.OO 0.01 0.00 0.00 0.00 000 0.00 0.00 0.01 0.03 0.04 0.04 0.03 0.01 0 03 0.02
C O.OO 0.01 0.00 O.OO O.O0 O.O0 O.O0 0.00 O.Ol 0.02 0.04 0.02 0.01 0.01 0 03 0.01
D 0.05 0.05 0.02 0.01 0.00 O.OO 0.01 0.03 0.11 0.29 0.24 0.14 0.11 0.23 O 40 0.08
E 0.06 0.10 0.04 0.01 0.00 0.00 0.03 0.11 0.19 0.36 0.25 0.12 0.10 0.28 0 50 0.11
F 0.06 0.07 0.03 0.01 O.OO O.OO 0.03 0.11 0.12 0.15 0.05 0.02 0.01 0.03 0 11 0.07
G 0.01 0.01 O.OO O.OO 0.00 O.O0 0.01 0.04 O.O6 0.03 0.01 O.O00.O0 O.O0 0 03 0.02

16. A 0.01 0.01 O.O0 O.O0 0.00 O.OO O.OO O.OO O.O0 0.03 0.06 0.04 0.03 0.02 0 02 O.O0
B 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.01 0.02 0,01 0.00 0.01 00l 0.00
C 0.00 0.00 0.00 0.00 O.O0 0.00 0.00 0.00 0.00 0.01 0.02 0.01 0.01 O.OO 0 01 0.00
D 0.02 0.04 O.Ol O.OO 0.00 O.OO O.OO 0.02 0.03 0.14 0.18 0.06 0.05 0.12 O 19 0.02

- E 0.02 0.06 0.02 0.01 0.00 0.00 0.01 0.03 0.09 0.19 0 17 0.05 0.04 0.10 0 16 0.03
-- F 0.01 0.05 O.Ol O.OO O.OO 0.00 0.01 0.05 0.07 0.07 0.0;_0.01 O.Ol 0.01 O 03 0.02
_- G O.OO O.O0 O.OO O.OO O.O0 0.00 0.00 0.02 0.02 0.03 0.01 O.O0 0.00 0.00 0 01 O.OO

19. A 0.02 0.03 0.00 O.OO O.O0 0.00 0.00 O.OO O.OO 0.01 0.06 0.01 0.01 0.00 0 01 0.00
8 0.00 0.03 0.00 0.00 0.00 u.O0 0.00 0.00 0.00 0.01 0.03 0.00 0.00 0.00 0 O0 0.00
C 0.01 0.02 O.OO O.O0 0.00 O.O0 0.00 0.00 O.OO 0.01 0.04 0.00 0.01 0.00 0 01 0.00
D 0.03 0.08 O.O0 0.01 O.OO 0.00 0.00 0.01 0.01 0.15 0.31 0.07 0.05 0.03 0 (J60.01

_" E 0.03 0.10 0.04 0.00 0.00 0.00 0.01 0.04 0.06 O.?O 0.23 0.03 0.01 0.03 0 05 0.01
F 0.02 0.06 0.01 O.O0 0.00 O.O0 O.Ol 0.04 0.05 0.07 0.05 O.OO O.OO 0.00 00l 0.01
G O.OO O.Ol O,O0 0.00 O.OO O.O0 0.00 0.02 0.03 0.03 O.OO 0.00 0.00 0.00 0 O0 0.00
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APPENDIXH 4

ATMOSPHERICDISPERSIONFACTORS ANNUALSECTORAVERAGED

_/Q' VALUESFOR CHRONICRELEASESFROMTHE HANFORDAREAS

BASEDON 1983THROUGH1991METEOROLOGICALINFORMATION
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APPENDIX H.4

ATMOSPHERIC DISPERSION FACTORS" ANNUAL SECTOR-AVERAGED

_/Q' VALUES FOR CHRONIC RELEASES FROM THE HANFORD AREAS

BASED ON 1983 THROUGH 1991 METEOROLOGICALINFORMATION

Atmospheric dispersion factors for chronic releases from the four major

Hanford Areas are presented in the followingtables (i.e., H.4._-14). The

annual sector-averaged_/Q' values were calculated using the GENII code based

on meteorological informationaveraged over the years 1983 through 1991. A

description of the computation of the secto_-averaged_/Q' values is presented

in Appendix H.I.
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APPENDIXH.5

ATMOSPHERICDISPERSIONFACTORS:

9STH PERCENTILECENTER-LINEE/Q VALUES

FOR ACUTEATMOSPHERICRELEASESFROMTHE HANFORDAREAS

BASEDON 1983THROUGH1991METEOROLOGICALINFORMATION
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APPENDIXH.5

ATMOSPHERICDISPERSIONFACTORS:

95TH PERCENTILECENTER-LINEE/Q VALUES

FORACUTEATMOSPHERICRELEASESFROMTHE HANFORDAREAS

BASEDON 1983THROUGH1991METEOROLOGICALINFORMATION

Atmosphericdispersionfactorsfor acutereleasesfrom the fourmajor

HanfordAreasare presentedin TablesH.5.1-14. The 95th percentilecenter-

line E/Q valueswere calculatedusingthe GENIIcode basedon meteorological

informationaveragedover the years1983 through1991. A descriptionof the

computationof the E/Q valuesis presentedin AppendixH.I. lt shouldbe

notedthat thesevaluesare calculateddifferentlyfrom the all-sector9Sth

percentilevaluesspecifiedin U.S. NuclearRegulatoryCommission

Guide1.145(a}.

(a) U.S. NuclearRegulatoryCommission.1983. AtmosphericDispersion
Modelsfor PotentialAccidentConsequencesAssessmentsat NuclearPower
Plant___.._._s.RegulatoryGuide1.145,RevisionI (updated),Officeof Nuclear
RegulatoryResearch,Washington,D.C.
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APPENDIXH.6

ATMOSPHERICDISPERSIONFACTORS:

99.5THPERCENTILECENTER-LINEE/Q VALUES

FORACUTEATMOSPHERICRELEASESFROMTHE HANFORDAREAS

BASEDON 1983THROUGH1991METEOROLOGICALINFORMATION
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APPENDIX H.6

ATMOSPHERIC DISPERSION FACTORS:

99.5TH PERCENTILE CENTER-LINE E/Q VALUES

FOR ACUTE ATMOSPHERIC RELEASES FROM THE HANFORD AREAS

BASED ON 1983 THROUGH 1991 METEOROLOGICALINFORMATION

Atmospheric dispersion factors for acute releases from the four major

Hanford Areas are presented in Tables H.6.1-14. The 99.5th percentile center-

line E/Q values were calculated using the GENII code based on meteorological

information averaged over the years 1983 through 1991. A description of the

computation of the E/Q values is presented in Appendix H.I. lt should be

noted that these values are calculated differently from the 99.5th percentile

sector values specified in U.S. Nuclear RegulatoryCommission

Guide 1.145(a).

(a) U.S. Nuclear Regulatory Commission. 1983. Atmospheric'Dispersion
Models for PotentialAccident ConsequencesAssessments at Nuclear Power
Plants. Regulatory Guide 1.145, Revision I (updated),Office of Nuclear
Regulatory Research,Washington, D.C.
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APPENDIX H.7

RECEPTOR LOCATIONS FOR MAXIMALLY EXPOSED INDIVIDUAL RESULTING

FROM ATMOSPHERIC RELEASES FROM SPECIFIED HANFORD FACILITIES

Atmospheric dispersion values, based on 1983 through 1987 Hanford

meteorologicalinformation,were used to determine the locations on or around

Hanford that could conceivably have the highest concentrationsof

radionuclidesin air as a result of atmosphericreleases from three major

facilities on the Site. The_/Q' (i.e., for chronic releases) and E/Q values

(i.e., for acute releases)were superimposedon a map of Hanford to determine

the locations adjacent to and/or on the Site at which members of the general

public may reside or be in transit. The "residential"locations include farm

houses or offsite industrial and/or office facilities. The "transient"

locations may includemembers of the general public traveling on State Highway

240 or fishing on the Columbia River. Both acute and chronic release

situations were evaluated.

The atmospheric dispersion factor values for each of the 16 compass

sectors for each major operational area were overlaid on a Hanford map and

examined to determinewhich "residential"or "transient"location had the

highest corresponding_/Q' and E/Q value. This normally is the location that

produces the highest potential radiationdose via the atmosphericroutes.

However, other routes such as the surface and subsurface water pathways may

contribute to the potential dose and, in turn, may affect the location of the

maximally exposed individual (MEI). Therefore, depending on the situation,

all environmentalpathways and all potential sources should be considered

before determiningthe MEI location.

Atmosphericdispersion factors for each sector's nearest location to the

boundary of the Site are presented in Tables H.7.1-3. The locations are

listed as distances (km) and sector (i.e., direction) away from the facility.

Sector-averaged_/Q' values were used for the chronic releases. The 95th

percentile center-line E/Q values were used for the acute releases.
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TABLE H.7.1. Site Boundary Locations and CorrespondingMaximum
Sector-Averaged_/Q' and g5th Percentile Center-Line
E/Q Values for the PUREX Plant (200 East Area)
Based on 1983-1987Joint FrequencyDistributions

Distance CorrespondinqAtmospheric DispersjonFactor (sec m"3)
to Nearest Chronic Releases (_/0') Acute Releases (E/Q)

Site Boundary Release Height Release Height
Sector _ Ground-LeYel _O-m Stek Ground-Level 60-m Stack

N 24.6 1.67E-08 7.85E-Og 8.24E-06 4.75E-06
NNE 23.7 1.3gE-08 5.86E-Og 8.23E-06 4.57E-06
NE 18.1 2.59E-08 g.BIE-Og 1.02E-05 5.18E-06
ENE 15.2 4.82E-08 1.63E-08 1.01E-05 5.1gE-06

E 16.2 7.72E-08" 2.69E-08" g.26E-06 5.08E-06
ESE 20.0 5.72E-08 2.28E-08 4.32E-06 3.22E-06
SE 24.3 3.44E-08 1.71E-08 3.30E-06 2.61E-06

SSE 19.6 2.74E-08 1.30E-08 8.85E-06 4.78E-06
S 19.5 2.44E-08 1.30E-08 9.28E-06 4.68E-06

SSW 16.9 1.62E-08 9.00E-Og 9.g3E-06 5.24E-06
SW 17.6 1.2gE-08 6.80E-Og 1.06E-05" 5.47E-06"

WSW 21.2 9.21E-09 5.03E-09 9.10E-06 4.70E-06
W 20.8 1.54E-08 7.92E-09 9.29E-06 5.43E-06

WNW 21.4 1.60E-08 7.68E-09 9.75E-06 5.12E-06
NW 21.4 1.71E-08 8.77E-09 8.72E-06 5.44E-06

NNW 21.6 1.51E-08 7.35E-Og 8.90E-06 5.47E-06"

(*) Indicates the sector with the highest atmosphericdispersion factor
for the given type of release.
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TABLE H,7.2. Site Boundary Locations and CorrespondingMaximum
Sector-Averaged_/Q' and 9Sth Percentile Center-Line
E/Q Values for PFP (200 West Area) Based on 1983-1987
Joint FrequencyDistributions

Distance CorrespondinqAtmpsphericDispersion Factor (sec m-3)
to Nearest Chronic Releases (_/0') Acute Releases (E/Q)

Site Boundary Release Heiqht Release Heiqht
Sector (km) Ground-Level 60-m Stack Ground-Level 60-m Stack

N 18.0 2.57E-08 1.09E-08 1.21E-05 6.35E-06
NNE 26.3 I.21E-08 5.26E-09 7.24E-06 4.12E-06
NE 27.2 1.49E-08 6.49E-09 6.17E-06 3.41E-06
ENE 24.4 2.52E-08 1.04E-08 5.54E-06 3.04E-06

E 23.8 4.55E-08" 1.85E-08 5.70E-06 3.33E-06
ESE 29.5 3.35E-08 1.51E-08 2.61E-06 2.07E-06
SE 23.8 3.54E-08 1.74E-08 3.39E-06 2.68E-06

SSE 19.5 2.76E-08 1.31E-08 8.90E-06 4.80E-06
S 14. _ 3.82E-08 1.86E-08" 1.38E-05 6.43E-06

SSW 14.5 2.01E-08 1.08E-08 1.21E-05 6.12E-06
SW 14.5 1.69E-08 8.49E-09 1.35E-05 6.60E-06

WSW 12.3 1.98E-08 9.31E-09 1.80E-05 7.86E-06
W 12.1 3.30E-08 1.44E-08 1.83E-05 8.72E-06"

WNW 12.6 3.38E-08 1.38E-08 1.88E-05" 8.24E-06
NW 15.3 2.74E-08 1.25E-08 1.32E-05 7.34E-06
NNW 16.3 2.22E-08 9.84E-09 1.26E-05 7.04E-06

(*) Indicatesthe sector with the highest atmosphericdispersion factor
for the given type of release.
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TABLE H.7.3. Site Boundary Locations and CorrespondingMaximum
Sector-Averaged_/Q' and 95th Percentile Center-Line
E/Q Values for FFTF (400 Area) Based on1983-1987
Joint FrequencyDistributions

Distance
to Nearest CorrespondingAtmosphericDispersion Factor (sec m.3)

Site Boundary Chronic Release (_/0') Acute Release (E/Q)
Sector_ (km) from _o-m Stack _ - from 10-m Stack

N 16.0 6.40E-08 5.74E-06
NNE 12.8 5.83E-08 7.48E-06
NE 8.8 5.44E-08 2.15E-05
ENE 7.2 4.63E-08 3.19E-05
E 6.9 7.95E-08 3.44E-05"

ESE 7.1 8.92E-08 1.85E-05
SE 8.7 9.49E-08 1.27E-05
SSE 9.4 7.20E-08 2.08E-05

S 8.1 1.15E-07" 2.72E-05
SSW 7.6 7.45E-08 3.03E-05
SW 7.5 5.41E-08 3.26E-05
WSW 12.5 I.g2E-08 I.g6E-05
W 20.1 1.40E-08 1.0gE-05
WNW 33.9 6.31E-Og 5.23E-06
NW 38.8 7.03E-Og 3.56E-06
NNW 39.3 1.07E-08 1.78E-06

(*) Indicatesthe sector with the highest atmosphericdispersion factor
for the given type of release.
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APPENDIXI

RECOMMENDEDSCENARIODEFINITIONSFOR ATMOSPHERICAND LIOUIDRELEASES

The scenarios,as recommendedby the HanfordEnvironmentalDose Overview

Panel,to be consideredwhen evaluatingatmosphericreleasesfrom facilities

and operationson the HanfordSite are presentedin TableI.I. The scenarios

for liquidreleasesare presentedin Table1.2.
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APPENDIX J

RECOMMENDED PARAMETERS FOR CALCULATING

POTENTIAL ENVIRONMENTALRADIATION DOSES AT HANFORD

The input parameters described below and listed in the tables at the end

of this appendix are primarily those used in the version of the GENII code

that has been approved by the Hanford EnvironmentalDose Overview Panel (see

Appendix 4.1 for the most current Panel-approvedversion of the GENII code).

Therefore, the Panel also recommends these parameters for use with other

models and/or codes, as applicable,for calculatingthe potential radiation

doses, or other measures of health and/or environmentaleffects, that could

result from environmentalreleases of radioactiveor other hazardous materials

from facilities and/or operationson the Hanford Site. A more detailed

descriptionof the mathematicalrelationshipsand use of the parameters is

presented by Napier et al. (1988).

Some of the tables list the recommended "average"and "maximum"default

values. The "average"default values are those that normally produce the most

realistic potential dose estimates and are normally used for population dose-

type calculations. The "maximum"default values are those that are more

conservativeand typically produce the higher estimates. The "maximum"

default values are normally used for calculationsrelated to the "maximally

exposed individual." Some of the tables list only one value without

specifying "average"or "maximum." A single value usually denotes the most

appropriatevalue, and a "maximum"value may not be germane for the particular

parameter.

An explanation of some of the terms, equations, and relationshipsof the

parameters presented in the tables is included below.

J.1 ATMOSPHERIC TRANSPORT

The parameters associated with the atmospherictransport, deposition,

and resuspensionof materials are summarized in Table J.1.
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J.l.l Atmospheric Dispersion Factors

The joint frequency tables for Hanford-specificmeteorological

observations,averaged for the years 1983 through 1991, are presented in

Appendix H.3. The_/Q' values, for addressing chronic atmospheric releases,

are presented in Appendix H.4. The 95th and 99.5th percentile E/Q values, for

acute atmosphericreleases, are listed in Appendixes H.5 and H.6,

respectively.

J.I.2 Deposition

Default deposition velocity values are presented in Table J.1. Element-

specific values are presented in Table J.g. The development and the use of

the deposition velocity term are described in section J.4.3.5.

J.I.3 Fractional Intercept Values

As shown by Pinder, Ciravolo, and Bowling (1988), the unitless

fractional interception(I) value can be estimated as a function of the

standing biomass of the vegetation:

I = 1.0 - exp[(-C)(Y)(R)]

where C = 1.9 for grasses, leafy vegetables, and grains

C = 3.6 for fruits and other types of vegetation

Y = standing biomass (kg wet m-2)

R = dry-to-wet weight ratio of the vegetation.

J.I.4 Resuspension

The resuspensionfactor as developed by Anspaugh et al. (1975) is

calculated as a function of time following the deposition:

M = [(1.0E-4m-I)exp(-0.15 d2 ti/2)]+ 1.0E-9 m-I

where M = resuspensionfactor (m"I)

t = elapsed days (d) following the deposition.

The value of M decreases from 1.0E-4 m-Ito 1.0E-9 m-Ias the time following

the deposition increases.
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Alternatively, the resuspension factor may be calculated based on the

mass loading of the atmosphere:

M= s/p

where S = mass loading of soil in air (gm "3)

p = soil surface density (g m-2).

J.2 SURFACE-WATERTRANSPORT

The parameters associated with the transport of materials via surface
water are given in Table J.2.

J.3 SUBSURFACE SOURCES

Parameters associatedwith the exposure of subsurface sources of

hazardous materials (e.g., buried waste) to humans and other biota are

presented in Table J.3.

J.4 INGESTIONPATHWAYS

The recommendedvalues of the parameters used to evaluate the ingestion

pathways are described below. The ingestion pathways include

• drinking water

• consumption of aquatic foodstuffs

• consumption of terrestrial food products

• consumption of terrestrial animal products.

J.4.1 Drinkinq Water

Parameters associated with the ingestionof drinking water are presented

in Table J.4. The water treatment cleanup factors, listed by element, are

presented in Table J.9.

J.4.2 Aquatic Foodstuffs

Various parameters associated with the consumptionof aquatic foodstuffs

are presented in Table J.5. The values of the concentrationratios (CR) that

are used to quantify the transfer of material between tropic levels are

presented in Table J.6. Descriptionsof the CR values and the water treatment

e cleanup factors are presented below.

I Repert: RECOMMENDEDENVIRONMENTALDOSECALCULATIONMETHODSANDHANFORD-SPECIFICPARAMETER-_(PNL-3/77 Rev 2)

Appendix: ,,I RECOMMENDEDPARAMETERSFORCALCULATINGPOTENTIALENVIRONMENTALRADIATIONDOSESAT HANFORD
Appendix J Revision N_nber: 0 [HEDOP\PHL-3777.RV2_APJ-PARA.933] Appendix J Rev 0
Revision Date: Narch 1993 Page 5 of 40



J.4.2.1 concentratioqRatios

The concentrationratio (CR) values (i.e., bioaccumulationfactors) used

with the GENII computer code are presented in Table J.6. The CR values have

been updated from those used in the previous generation of Hanford dosimetry

codes. The basic set of values for these parameters, taken from Ng et al.

(1968), has been updated using more recent publicationsas available.

The data libraries have been supplied in the code package as text files

covering 80 different elements. They may be adapted by the user as needed for

specific environmentsor applications. The libraries, as supplied with the

GENII code, should be used for standard applicationsat the Hanford Site. The

use of other values should be justified for the particular situation.

The CR values for freshwater organismswere updated with information

taken from Poston and Klopfer (1986) because they generally represented

realistic rather than overly conservativeestimates. Additional values were

obtained preferentiallyfrom Jackson (1984),where the values were similar to

those reported by the U.S. Nuclear Regulatory Commission (USNRC 1977), Miller

et al. (1980), and Lawson and Smith (1985). Values from the latter reports

were used in some cases where they provided a more conservativeestimate and

there was no other basis for choosing an alternative.

The CR values for marine organismswere based on those reported by

Poston and Templeton (1986),which were judged to provide the most realistic

data for field conditions. Additional estimates for elements not included in

the primary referencewere taken from Poston and Klopfer (1986) and Gomez et

al. (1987).

Concentration ratios are simply a ratio of the observed quantity of an

element or radionuclideper fresh weight of aquatic organism to the

concentrationof the material in the water

CR = Bq/kg Aquatic Product
Bq/L Water

The units of CR are actually L water per kg aquatic product. A given or

projected concentrationof a correspondingelement or compound in water is

multiplied by the particular CR value to provide an estimate of the level in
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the aquatic organism, assuming that the water and organisms are in equilibrium

conditions.

J.4.2.2 Water Treatment Cleanup Factors

Water treatment cleanup factors, such as those reported by Denham and

Soldat (1975), are also listed in Table J.6. The water treatment cleanup

factor der,otes the fractional reduction in the concentrationof an element in

water as a result of water treatment operations. The unitless factor is

calculated by dividing the measured concentrationof material in the post-

treatedwater (e.g., Bq 9°SrL"I) by the pre-treatedwater (e.g., Bq 9°SrL-I).

J.4.3 Terrestrial Food Prodqcts

Parameters associated with the ingestionof terrestrialfood crops are

presented in Table J.7. Parameters associatedwith the ingestion of

terrestrialanimal products are presented in Table J.8. Element-specific

deposition velocities,concentrationratios, equilibrium transfer

coefficients,and leaching factors are presented in Table J.9. An explanation

of the uses, limitations,and descriptionsof the parameters used to address

the consumptionof terrestrial food products listed in Table J.9 follows.

J.4.3.1 Chronic Releases

For a chronic release, one normally assumes that the environmentalmedia

reach an equilibrium value (i.e., the levels of material in the media

asymptoticallyapproach a value such that the loss from the media equals the

input from the source). Applying the appropriatetransfer factor provides an

estimate of the concentrationof radioactiveor other hazardous material in

the environmentalmedia of interest (e.g., a concentrationratio value is

multiplied by the measured or projected Bq 9°Srkg"Isoil to project the

concentrationof 9°Sr in vegetation that grew on the contaminatedsoil). For

radionuclides,the resulting concentrationvalues are normally combined with

other appropriate parameters to estimate the resulting dose rate

(e.g., Gy yr"I) received by the target organism.

J.4.3.2 Acute Releases

As described in Napier et al. (1988), these transfer factors are also

used in the GENII code to address acute release situations. For an acute
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release, the transfer factors are used to calculate a time-integratedvalue of

the total amount of material transferredbetween the various environmental

media. For radionuclides,these values, in turn, provide an estimate of the

total dose that a target organism could receive over a specified time period

based on the total amount of material released during the acute event.

J.4.3.30efault Values

The values in Table J.9 that are listed as "g.gE-4" are actually default

values. They represent specific situationswhere no appropriate literature

values were found.

J.4.3.4 Carbon-14 a.ndTritium Models

Concentrationratio values for carbon (i.e., 14C)and hydrogen (i.e., 3H)

are not listed in Table J.9 because they are evaluated by the GENII code in a

manner that is different from that used for the other elements. Atmospheric

dispersion models are used to project the concentrationof 14Cor 3H in air

(e.g., Bq m"_) at specifieddownwind locations. These values are then used to

calculate corresponding isotopic air concentrations(e.g., Bq 14Cg-1 carbon

and Bq )H g-1 hydrogen) based on an assumed or given concentrationof carbon

and hydrogen in the volume of air (e.g_, 1.6E-4 kg carbon m"3air or

8.9E-4 kg hydrogen m"3 air, respectively). The various terrestrial components

(e.g., vegetation and meat products) are then assumed to equilibratewith the

calculated isotopic air concentrationvalues. The corresponding isotopic

concentrationvalues are combined with other appropriateparameters

(e.g., kg carbon and hydrogen ingested via specifiedpathways) to calculate

the total amount of 14Cand 3H ingestedand/or inhaledby the target organism

to provide an estimate of the dose rate (e.g., Gy yr1). Recommended values

for the concentrationof hydrogen and carbon in various environmentalmedia

are presented in Table J.10.

J.4.3.5 DepositionVelocity

Deposition velocity has units of m secI and expresses the rate at which

material is deposited from the near-surfaceatmosphere onto surfaces (e.g.,

vegetation, soil surface, buildings), lt is multiplied by a given or

calculated air concentration (e.g., Bq m"_)to provide an estimate of the rate

at which the radionuclide is deposited per square meter of surface area

' " " ' 'OM"M_HODS"ANOHANFORO-SPE,C|FIC PARANETE,RS I
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(e.g., m sec1 by Bq m3 - Bq m"2 sec'_). The surface area includes the surface

of the vegetation as well as the soil surface. The deposition rate, in turn,

can be multiplied by the duration of the deposition (e.g., one year) to give

the total amount deposited per m2. This can then be converted to

concentration in soil (e.g., Bq kgl) if one assumes the surface-deposited

radionuclides are evenly mixed to a given depth (e.g., by plowing to a depth

of lS cm), and if one also knows the density of the soil (kg m"3) and the rate

at which the material is removed (i.e., weathered) from the surface of the

vegetation and deposited onto the surface of the soil.

0.4.3.6 Concentration Ratlo

Concentration ratio (CR) has units of kg soil kg"1 dry vegetation and is

a measure of plants' affinity to take up elements from the soil. Multiplying

a CR value by a given concentration of material in soil provides an estimate

of the concentration that will occur in the plant at harvest (i.e., if one

assumes an equilibrium condition exists between the plant and the soil). For

example, multiplying a given concentration of material in soil (Bq kg-1 soil)

by the corresponding CR value (kg soil kg"1 dry vegetation) gives an estimate

of the concentration of the material in vegetation (Bq kg-1 dry vegetation).

The CR values used with the GENII computer code have been updated from

those used in the previous generation of Hanford dosimetry codes. The basic

set of values was taken originally from Ng et al. (1968) and then updated

using more recent publications as available. Whenever possible, the values

were selected from published results of experimental measurements. In some

instances, values were selected on the basis of the values of other chemical

elements that are expected to behave similarly in the environment.

J.4.3.7 Equilibrium Transfer Coefficients

Equilibrium transfer coefficients (ETC) for a given element are

expressed in units of d kg1 wet animal product and relates the concentration

of material in an animal product at equilibrium to the rate at which the

material is ingested by the animal. For example, multiplying the average

daily rate that an animal is ingesting a radionuclide (e.g., Bq d"1) by the

corresponding ETC (i.e., d kg"1 wet animal product) gives an estimate of the
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projected concentrationof the material in the animal product at equilibrium

(i.e., Bq kg"Iwet animal product).

The ETC values were taken primarily from a draft InternationalAtomic

Energy Agency document(a)to provide a consistent data set that had recently

been updated and reviewed. When data were unavailablefrom the primary

reference, these values were supplementedwith informationfrom Ward and

Johnson (1985), Lawson and Smith (1985),Ng (1982),Haywood et al. (1980),

Voilleque et al. (1985), and Miller et al. (1980). When more than one value

was reported for a given element, the more conservativevalue (i.e., the one

resulting in a higher dose via the ingestionpathway) was chosen when there

was no other basis for discriminatingbetween the alternatives.

J.4.3.8 Leac.hinqFactor

The leaching factor is expressed in units of yr"l and is the fractional

rate at which material is moved beyond the root zone into the deeper soils

each year. The downward movement of the material is usually associated with

the percolation of water downward through the soil profile. The leaching

factor values ()'i)were calculated using the formula of Baes and Sharp (1981)"

P+I-E

)'i= d[l+(p/O) Kd i]

where Ai - annual leaching factor (yr"I) for element or compound i

P- total annual precipitation (cm yr"I)

I - total annual irrigation (cm yr"I)

E- total annual evapotranspiration(cm yr-I)

d- depth of the rooting zone (cm)

p : soil bulk density (g cm-3)

0 : soil volumetric water content (mL cm"I)

Kd_ - distributioncoefficient for element or compound i.

(a) InternationalAtomic Energy Agency (IAEA). 1987 (draft). H.andbookof
P.arameterValue@ for the Prediction Qf RadionuclideTransfer in the
Terrestrial and Freshwater Environments.IAEA, Vienna.
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As noted in Napier et al. (1988),the term "P + E - I" was approximatedas an

overwateringterm and set at 15 cm yr"Ito represent the amount of water that

percolates downward through the rooting zone to the deeper soil layers each

year. The depth of the rooting zone (d) was assumed to be 15 cm. Baes and

Sharp (1981) showed that the values of "p/e" averaged about 3.0. Napier et

al. (1988) also noted that the "Kdi" values used to calculate the leaching

factor for each element for the GENII'code were based on the most conservative

(i.e., largest) distributioncoefficientvalue "identified in a wide range of
literature."

J.5. EXTERNAL EXPOSUR_

Parameters associated with calculating external exposure are presented
in Table J.11.

J.6 MISCELLANEOUSPARAMETERS

Miscellaneousparameters are presented in Table J.12.
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TABLE J.1. Recommended ParameterValues -- Atmospheric Transport

Default Values
Parameter Averacle Maximum

Atmospheric Dispersion Factors"

Chronic _/Q' value (sec m-3) [see Appendix H.4] UDV(a) UDV

Acute E/Q value (secm -3) [see Appendix H.5 or H.6] UDV UDV

Population-weighted_/Q' or E/Q values UDV UDV
(person sec m-_)

Buildinq's Dimensions"

Vertical cross-sectionalarea (m) UDV UDV
|

Height (m) UDV UDV

Deposition"

Duration of air deposition prior to beginningof 0 UDV
intake period (yr)

Deposition velocity (m sec-I) [see Table J.4.4 for UDV 0.001

e element-specificdeposition velocity values]
Fractional intercept [see Section J.I.3 for UDV 0.25
mathematical relationship]

Distance to MEI from release point (m) UDV UDV "
[see Appendix H.7]

Effluent temperature (°C) UDV UDV

Humidity (absolute) (kg water m-3air) 0.008 UDV

Population totals [see Appendix G.2] UDV UDV

Release duration (yr) I UDV

(a) UDV = user-definedvalue (i.e., the user must assign a value to the

e parameter).
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TABLE J.1 (cont'd). Recommended ParameterValues -- Atmospheric Transport

Default Values
Parameter Average Maximum

Resuspension"

Duration of individual annual inhalation exposure 8766 8766
due to resuspension (h)

Mass loading factor (g m-3) [see Section J.I.4 for 1.0E-4 UDV(a)
mathematical relationship]

Resuspensionfactor (m-I) [see Section J.I.4 for 1.0E-g UDV
mathematical relationship]

Soil surface density (g m-2) 2.24E+3 2.24E+3

Top soil available for resuspension(cm) I UDV

Stack Dimensions"

Height (m) UDV UDV

Flow rate (m sec-I) UDV UDV

Radius (m) UDV UDV

(a) UDV = user-defined value (i.e., the user must assign a value to the
parameter).
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TABLEJ.2. RecommendedParameter Values -- Surface-Water Transport

Default Values
Parameter Averaqe Maximum

Dimensions of Columbia River:

Average depth (m) UDV(a) UDV

Minimum flow rate (m3 sec-I) 1.0E+3 UDV

Average flow rate (m3 sec-I) 3.4E+3 UDV

Maximum flow rate (m3 sec-I) 1.8E+4 UDV

Average velocity (m sec-I) I UDV

Average width (m) UDV UDV

Distances:

Longshoredistance from release point to usage 0 0
location (m)

Offshore distance to water intake (m) 0 0

Effluents:

Rate of efflqent discharge to receiving water UDV UDV
body (m3 sec-_)

Depth of efi:luentdischarge point to surface 0 0
water (m)

Shoreline to width factors:

River shore 0.2 0.2

Lake shore 0.3 0.3

Ocean Site 0.5 0.5

Tidal basin 1.0 1.0

Quantity of water ingested inadvertentlywhile 0.02 0.02
swimming (L h-I)

Surface-watermixing ratio I I

(a) UDV = user-definedvalue (i.e., the user must assign a value to the
parameter).
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TABLE J.2 (cont'd). RecommendedParameter Values -- Surface-WaterTransport

Default Values

Parameter Average Maximum

Transit time to irrigationwithdrawal location 20 UDV(a)
(h from iO0-N to Riverview area)

Water to sediment transfer constant (L m-2yr-I) 25295.0 25295.0

(a) UDV - user-definedvalue (i.e., the user must assign a value to the
parameter).
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TABLEJ.3. RecommendedParameter Values -- Subsurface Sources

Default Values
Parameter Averaqe Maximum

Number of years prior to intake period that inventory UDV(a) 0
was disposed

Number of years prior to intake period that loss of UDV 0
institutional control occurred

Manual redistribution (i.e., mixing); deep-soil to UDV UDV
surface soil-dilution factor

Waste form &/or package half-life (yr) UDV 0

Waste form &/or contaminated soil thickness (m) UDV UDV

Depth of soil overburden (m) UDV UDV

Fraction of roots in top 15 cm of soil I UDV

Fraction of roots in deep soil 0 UDV

Biotic Transport:

Arid Non-AqriculturalScenario -

Vegetative production (kg wet m-2) 0.4 UDV

Quantity of soil excavatedby burrowing animals g.4E-4 UDV
(m3 m-2yr-1)

Fraction of Soil in Layer Moved to Surface --

Depth of Layer (m)

0 - 0.15 m 1.0 1.0
0.15 - 0.5 m 0.8 UDV
0.5 - 1.0 m 0.2 UDV
1.0 - 1.5 m 0.02 UDV
1.5 - 2.0 m O.OOg UDV

>2m 0.002 UDV

(a) UDV = user-definedvalue (i.e., the user must assign a value to the
parameter).
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TABLE J.3 (cont'd). RecommendedParameter Values -- Subsurface Sources

Default Values

Parameter Averag_e Maximum

Humid Non-AqriculturalScenario -

Vegetative production (kg wet m"2) 5 UDV(a)

Quantity of soil excavated by burrowing animals 7.5E-4 UDV
(m3 m-2yr-I)

Fraction of Soil in Layer Moved to Surface --

Depth of Layer (m)

0 - 0.15 m 1.0 1.0
0.15 - 0.5 m 0.9 UDV
0.5 - 1.0 m 0.I UDV
1.0 - 1.5 m 0.006 UDV
1.5 - 2.0 m 0.0005 UDV

>2m O.0005 UDV

AclriculturalScenario-

Vegetative production (kg wet m-2) 4 UDV

Quantity of soil excavated by burrowing animals 7.5E-4 UDV
(m3 m-2yr-I)

Fraction of Soil in Layer Moved to Surface --

Depth of LaYer (m)

0 - 0.15 m 1.0 1.0
0.15 - 0.5 m o.g UDV
0.5 - 1.0 m 0.I UDV
1.0 - 1.5 m 0.006 UDV
1.5 - 2.0 m 0.0005 UDV

>2m O.0005 UDV

(a) UDV - user-definedvalue (i.e., the user must assign a value to the

parameter). 0
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TABLE J.4. Recommended ParameterValues -- Drinking-WaterIngestion

Default Values
Parameter Averaqe Maximum

Holdup/transittime of drinking water (d) I I

Number of people ingestingdrinking water -- ND(a)

Per capita drinking water consumptionrate (L yr-I) 440 730

(a) ND = no data presently available.
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TABLEJ.5. RecommendedParameter Values -- Ingestion of Aquatic Foodstuffs

Defaul t Values
Parameter Averaqe Maximum

Number of people ingestingaquatic foods UDV(a) UDV

Fish:

Transit time for release to reach harvest area (h) 0 0 °

Total production (kg wet yr-I) 1.5E+4 1.5E+4

Holdup between harvest and consumption (d) 1 I

Per capita consumption rate (kg wet yr"I) 6.9 40

Mollusc:

Transit time for release to reach harvest area (h) 0 0

Total production (kg wet yr-I) 0 UDV

Holdup between harvest and consumption (d) 0 0

Per capita consumption rate (kg wet yr-I) 0 6.9

Crustacea:

Transit time for release to reach harvest area (h) 0 0

Total production (kg wet yr-l) 0 UDV

Holdup between harvest and consumption (d) 0 0

Per capita consumption rate (kg wet yr-I) 0 6.9

Aquatic Pla.r.t_.

Transit time for release to reach harvest area (h) 0 0

Total production (kg wet yr"I) 0 UDV

Holdup between harvest and consumption (d) 0 0

Per capita consumption rate (kg wet yr-I) 0 6.9

(a) UDV - user-definedvalue (i.e., the user must assign a value to the

parameter).
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..TABLEJ.7. Recommended ParameterValues -- Ingestionof Food Crops

DefaIAlt Values
Parameter' -Averaqe Maximum

Duration of irrigationdeposition prior to beginning 0 0
of intake period (yr)

Interceptionfraction of irrigationwater onto leaves 0.25 0.25

Weathering half-time (d) 14 14

Cereals"

Growing time (d) go 90

Irrigation rate (cm per irrigation season) 0 UDV (a)

Irrigationduration (mo yr-I) 0 UDV

Standing biomass (kg wet m"2) 1.6 1.6

Translocationfactor -- plant surfaces to edible part 0.1 0.1

Yield (kg wet m"z) 0.8 0.8

Total production (kg wet yr-I) -- ND(b)

Holdup between harvest and consumption (d) 180 180

Per capita consumption rate of cereal 72 80
and bread (kg wet yr-I)

Dry to wet weight ratio (kg dry kg-Iwet) 0.88 0.88

Fruit"

Growing time (d) 90 90

Irrigationrate (cm per irrigationseason) go go

Irrigationduration (mo yr-I) 6 6

Standing biomass (kg wet m"2) 3 3

Translocationfactor -- plant surfaces to edible part 0.1 0.1

(a) UDV = user-definedvalue (i.e., the user must assign a value to the ,
parameter).

(b) ND = no data presently available.
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TABLE J.7 (cGnt'd). RecommendedParameter Values -- Ingestion of Food Crops

Default Values

Parameter Average Maximum

Yield (kg wet m-2) 2 2

Total production (kg wet yr"I) -- ND(a)

Holdup between harvest and consumption (d) 14 5

Per capita consumptionrate (kg wet yr-I) 64 330

Dry to wet weig_itratio (kg dry kg-Iwet) 0.2 0.2

Vegetables -- Leafy:

Growing _:ime(d) 90 90

Irrigationrate (cm per irrigationseason) 90 90

Irrigationduration (mo yr-I) 6 6

Standing biomass (kg wet m-2) 2 2

Translocation factor -- plant surfaces to edible part I I

Yield (kg wet m-2) 1.5 1.5

Total production (kg wet yr-I) -- ND

Holdup between harvest and consumption (d) 14 I

Per capita consumption rate (kg wet yr"I) 15 30

Dry to wet weight ratio (kg dry kg-Iwet) 0.2 0.2

Vegetables -- Other"

Growing time (d) 90 90

Irrigationrate (cm per irrigation season) 100 100

Irrigationduration (mo yr-I) 6 6

Standing biomass (kg wet m-2) 2 2

Translocation factor -- plant surfaces to edible part 0.1 0.1

(a) ND = no data presently available.
i
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TABLE J.7 (cont'd). RecommendedParameterValues -- Ingestionof Food Crops

Default Values
Parameter Average Maximum

Yield (kg wet m-z) 4 4

Total production (kg wet yr-I) -- ND(a)

Holdup between harvest and consumption (d) 14 5

Per capita consumptionrate (kg wet yr"I) 140 220

Dry to wet weight ratio (kg dry kg-Iwet) 0.2 0.2

Soil:

Soil density (kg wet soil m-3) 1.5E+3 UDV(b)

Soil moisture content (kg water kg-Idry soil) 0.I UDV

Surface soil layer thickness (m) 0.15 UDV

Surface soil density thickness (kg wet soil m-z) 225 UDV

Deep soil layer thickness, below surface layer (m) I UDV

Deep soil density thickness (kg wet soil m-z) 1.5E+3 UDV

Inadvertent ingestionof soil (kg wet soil d-I) 4.1E+7 UDV

(a) ND = no data presently available.

(b) UDV = user-definedvalue (i.e., the user must assign a value to the
parameter).
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TABLE J.8. Recommended ParameterValues -- Ingestionof Animal Products

Default Values

Parameter Averaqe Maximum

Fraction of animal's diet that consists of fresh foraqe:

Winter 0.0 0.0

Spring 0.8 0.8

Summer I.0 I.0

Autumn 0.8 0.8

Translocation factor -- plant surfaces to edible portions of:

Fresh feed 1.0 1.0

Stored feed O.l 0.I

Meat (Beef and Pork):

Holdup between harvest and consumption (d) 34 15

Per capita consumption rate of meat (kg wet yr-I) 70 80

Dry to wet weight ratio (kg dry kg-Iwet) 0.4 0.4

Total production of meat (kg wet yr-I) -- ND(a)

Consumption rate of stored feed (kg wet d-I) 68 68

Consumption r_te of fresh forage (kg wet d-I) 68 68

Fresh forage dry to wet weight ratio (kg wet kg-Idry) 0.2 0.2

Fraction of drinking water that is contaminated 1 l

Consumption rate of drinking water (L d-I) 50 50

Fraction of diet consisting of contaminatedgrain 0.25 0.25

Grain growing time (d) 90 90

Grain irrigation rate (cm per irrigation season) 90 90

Grain irrigation duration (mo yr-I) 6 6

(a) ND = no data presently available. Q
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TABLE J.8 (cont'd). RecommendedParameter Values -- Ingestion
of Animal Products

Default Values
Parameter Average Maximum

Grain standing biomass (kg wet m-2) 1.6 1.6

Grain yield (kg wet m"2) 0.8 0.8

Grain storage time (d) 180 180

Fraction of diet consisting of contaminatedhay 0.75 0.75

Hay growing time (d) 45 45

Hay irrigationrate (cm per irrigationseason) 120 120

Hay irrigationduration (mo yr-I) 6 6

Hay standing biomass (kg wet m"2) I I

Hay yield (kg wet m"2) 2 2

Hay storage time (d) 100 100

Poultry (Eggs)-

Holdup between harvest and consumption (d) 18 I

Per capita consumption rate of eggs (kg wet yr-z) 20 30

Dry to wet weight ratio (kg dry kg-Iwet) 0.25 0.25

Total production of eggs (kg wet yr-I) -- ND(a)

Consumption rate of drinking water (L d-z) 0.3 0.3

Fraction of drinking water that is contaminated I I

Consumption rate of stored feed (kg wet d-I) 0.12 0.12

Fraction of diet consisting of contaminatedgrain I I

Grain dry to wet weight ratio (kg wet kg-Idry) 0.18 0.18

Grain growing time (d) go 90

(a) ND = no data presently available.
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TABLE J.8 (cont'd). Recommended ParameterValues -- Ingestion
of Anima] Products

Default Values

Parameter Average Maximum

Grain irrigation rate (cm per irrigation season) 0 UDV (a)

Grain irrigation duration (mo yr"I) 0 UDV

Grain standing biomass (kg wet m-z) 1.6 1.6

Grain yield (kg wet m-z) 0.8 0.8

Grain storage time (d) 180 180

Meat (Poultry)•

Holdup between harvest and consumption (d) 34 I

Per capita consumption rate of poultry (kg wet yr-I) 8.5 18

Dry to wet weight ratio (kg dry kg-zwet) 0.3 0.3

Total production of poultry (kg wet yr-I) -- ND(b)

Consumption rate of drinking water (L d-I) 0.3 0.3

Fraction of drinking water that is contaminated I I

Consumption rate of stored feed (kg wet d-I) 0.12 0.12

Fraction of diet consisting of contaminatedgrain ! I

Grain dry to wet weight ratio (kg wet kg-Idry) 0.18 0.18

Grain Growing time (d) 90 90

Grain irrigation rate (cm per irrigationseason) 0 UDV

Grain irrigationduration (mo yr-I) 0 UDV

Grain standing biomass (kg wet m-z) 1.6 1.6

(a) UDV = user-definedvalue (i.e., the user must assign a value to the
parameter).

(b) ND = no data presently available.
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TABLE J.8 (cont'd). Recommended ParameterValues -- Ingestion
of Animal Products

Default Values
Parameter Average Maximum

Grain yield (kg wet m-2) 0.8 0.8

Grain storage time (d) 180 180

Milk:

Holdup between harvest and consumption (d) 4 i

Per capita consumption rate of milk (L yr-I) 230 270

Dry to wet weight ratio (kg dry kg"Iwet) 0.12 0.12

Total production of milk (L yr-I) -- ND(a)

Consumption rate of stored feed (kg wet d-I) 55 55

Consumption rate of fresh feed (kg wet d"I) 55 55

Consumption rate of drinking water (L d-I) 60 60

Fraction of drinking water that is contaminated I I

Fraction of diet consisting of contaminatedhay 0.25 0.25

Hay dry to wet weight ratio (kg wet kg-Idry) 0.18 0.18

Hay growing time (d) 45 45

Hay irrigation rate (cm per irrigation season) 120 120

Hay irrigationduration (mo yr"I) 6 6

Hay standing biomass (kg wet m-2) 1 I

Hay yield (kg wet m-2) 2 2

Hay storage time (d) 100 100

Fraction of diet consisting of contaminated 0.75 0.75
fresh forage

Fresh forage dry to wet weight ratio (kg wet kg-Idry) 0.2 0.2

(a) ND --no data presently available.
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TABLE J.8 (cont'd). RecommendedParameter Values -- Ingestion
of Animal Products

Default Values O
Parameter Averaqe Maximum

Fresh forage growing time (d) 30 30

Fresh forage irrigation rate (cm per irrigation 120 120
season)

Fresh forage irrigationduration (mo yr-I) 6 6

Fresh forage standing biomass (kg wet m-2) I I

Fresh forage yield (kg wet m2) 1.5 1.5

Fresh forage storage time (d) 0 0

O
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TABLEJ.lO. RecommendedParameter Values -- Carbon and

HydrogenContent of Selected Environmntal
Media (modified from Napier et al. 1988)

DefaultValues
Parameter Average Maximum

Carbonin air (kgm"3air) 1.6E-4(a) UDV (b)

Carbonin water (kg L"I) 2.0E-5(c) UDV

Carbonin vegetation(kg C kg"Idry material) 4.5E-I UDV

Carbonin eggs (kgC kg"Idry material) 6.0E-I UDV

Carbonin milk (kgC kgI dry material) 5.8E-I UDV

Carbonin beef (kgC kg"Idry material) 6.0E-I UDV

Carbonin poultry(kg C kg"Idry material) 6.7E-I UDV

Carbonin soil (kgC kg-Idry material) 3.0E-2 UDV

Hydrogenin air (kgm"3air) 8.9E-4 UDV

Hydrogenin water(kg LI) 1.1E-I 1.1E-I

Hydrogenin vegetation(kg H kg-Idry material) 6.2E-2 UDV

Hydrogenin eggs (kg H kg''ldry material) 9.2E-2 UDV

Hydrogenin milk (kg H kg"Idry material) 8.3E-2 UDV

Hydrogenin beef (kg H kgl dry material) 9.4E-2 UDV

Hydrogenin poultry(kgH kg-Idry material) 8.7E-2 UDV

Hydrogenin soil (kg H kg-Idry material) 1.2E-2(d) UDV

(a) Assumesan atmosphericCO2 concentrationof 320 ppmv.

(b) UDV = user-definedvalue (i.e.,the usermust assigna valueto the
parameter).

(c) Assumesa concentrationof 100 mg bicarbonateL-Iwater.

(d) Assumes0.1 L waterkg-Iwet soil.
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TABLEJ.11. RecommendedParameter Values -- External Exposure

DefaultValues
parameter AveraQe Maximum

Durationof irrigation(moyr"l) 6 6

Fractionof plumepassagetime spentin plume(acute I I
releasescenariosonly)

Individualannualexposuretime to plume(h) 8766 8766

Individualannualexposuretime to contaminatedsoil (h) 2920 4380

Individualannualexposuretime whileswimming(h) 10 100

Individualannualexposuretimewhileboating(h) 5 100

Individualannualexposuretime from shoreline 17 500
activities(h)

Irrigationwaterapplicationrate (cm per irrigation 100 100
season)

Sourcearea for externaldose modificationfactor(m2) 1250 1250

Transittime for releaseto reachaquaticrecreation 13 8
area (h)

'J ii,, , T ,
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TABLE J.]2. Recommended Parameter Values -- Miscellaneous

Default Values
Parameter Averaqe Maximum

Duration of intake (yr) I I

Duration of dose commitment (yr) 50 50

Breathinq rates:

Chronic releases -- offsite non-worker (cm3 sec"I) 270 270

Acute releases -- onsite worker (cm3 sec-I) 330 330
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APPENDIX K

GLOSSARY

K.I. ABBREVIATIONS,ACRONYMS, AND DEFINITION OF TERMS

Absorbed Dose ('Dor Dr): The amount of energy deposited by ionizing radiation
in a given mass of material (e.g., tissue, organ, whole body, metal,
concrete), lt is expressed in Sl units of gray (Gy) or in rad (I rad = 0.01
Gy) as a total dose over a specifiedtime period (D) or as a function of time
(Dt).

Acute Release: A release of radioactiveor other hazardousmaterial to the
environment that occurs over a relativelyshort time periods (e.g., minutes or
hours versus years).

Atmospheric Dispersion Factors" Parameter used to calculate the concentration
of material in air at a specified location given the average long-term release
rate or total quantity of material released from the source during a shorter
time period, lt is expressed in units of sec m-3 and is designated as _/Q'
for chronic, and E/Q for acute, releases.

becquerel (Bq)" The SI unit of measurement of radioactivity.

I Bq = I transformationsec1 = 2.7E-11 Ci

BioaccumulationFactor" See ConcentrationRatio.

Bq: See "becquerel."

°C' Degrees celsius.

-_/Q" Parameter used to calculatethe average concentrationof material in
air at a specified location given the average rate (e.g., Bq sec-I) at which
the material is chronicall.yreleased to the atmosphere, lt has units of
sec m-3 See "AtmosphericDispersion Factors."•

Chronic Release" A release of radioactiveor other hazardousmaterial to the
environment that continues for a sufficientlylong time period (e.g., months
or years) such that the levels of the material in the environmentalmedia
approach equilibrium (see "equilibrium").

Ci" See "curie."

cm" Centimeter (10.2 m).

e
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CommittedOose Equivalent{H_n):As statedin DOE reportEH-O071(USDOE
1988),lt is the predictedt6_aldose equivalentto a tissueor organover a
50-yearperiodfollowingthe intakeof a radionuclide(s)into the body. lt
does not includecontributionsfrom externaldose. lt is expressedin units
of sievert(Sv)or in rem (I rem = 0.01 Sv). lt is describedmathematically
as

50

Hso= / H(t) dt
o

CommittedEffectiveOose Equivalent{HEso): Accordingto DOE reportEH-O071
(USDOE1988),lt is the sum of the com_F£teddose equivalents(Hs ) to various
tissuesor organsin the body over a 50-yearperiod,each multipliedby the
appropriateweightingfactor{WT). lt does not includecontributionsfrom
externaldose. lt is expressedin SI unitsof sievert(Sv)or in rem
(I rem = 0.01 Sv). lt is describedmathematicallyas

50

He,so= _ He(t) dt = [Hso][WT]

ConcentrationRatio(CR): An experimentallydeterminedratioof the
concentrationof a specificmaterialin a biologicalmediumand the
concentrationof thatmaterialin an associatedenvironmentalmedium
(e.g.,[Bq kg-ivegetation]/[Bqkg-Isoil]= kg soil kg-Ivegetation).

Multiplyinga givenconcentratiog)correspondingCR value(kg soil _ _ materialin soil (Bq kg"_soil)by thevegetation)gi_es an estimateof the
concentrationof the materialin vegetation(Bq kg vegetation),lt can also
be used to expressthe ratioof concentrationof a specificmaterialin fish
to that in water (e.g.,[Bq kg"Ifish]/[BqL-Iwater]= L waterkg-Ifish).

CR" See ConcentrationRatio.

Curie(Ci)" A unit of measurementof radioactivity.

ICi = 3.7E+I0transformationsec-I= 3.7E+I0Bq

CumulativeOose: Includesfuturedosesthat are projectedto resultfrom
externalexposureto, and ingestionand inhalationof, residualradionuclides
in the environmentover some specifiedtime periodin additionto the dose
receivedduringthe periodof the release.

0 or 0t" See "AbsorbedDose."

d: Day.

DepositionVelocity: Expressesthe rate at whichmaterialis depositedfrom
the near-surfaceatmosphereonto surfaces, lt has unitsof m sec-_and, when
multipliedtimesa givenconcentrationof materialin the near-surface
atmosphere(e.g.,Bq m3), providesan estimateof the rate at whichthe
materialis d_positedper squaremeterof surfacearea (e.g.,m sec-Itimes
Bq m-3= Bq m"_sec-_).
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DOE: U.S. Department of Energy.

Dose Equivalent (H or Ht)" The product of the absorbed dose (D or Dt) thequality factor (Q), and any other modifying factors (N). lt is also t'h
product of the absorbed dose and the relative biologicaleffectiveness (RBE).
lt is the quantity used to compare the relative biological effectivenessof
different kinds of radiationon a particular tissue, organ, or the whole body.
lt is expressed in Sl units of sievert (Sv) or in rem (I rem = 0.01 Sv) as a
total dose equivalent over a specifiedtime period,

H (Sv) = [D (in Gy)][Q][N] = [D][RBE]

or as a function of time,

Ht (Sv)- [Dt (Gy)][Q][N].

E/Q: Parameter used to calculate the time-integratedaverage concentrationof
material in air at a specified location given the total quantity (e.g., Bq) of
material that is released acutely to the atmosphere, lt is expressed in units
of sec m"3. See "AtmosphericDispersion Factors."

Ecology: The study of the interactionsof the biotic and abiotic components
of the environment. Also a shortened term for the Washington State Department
of Ecology (WDOE).

EDE: See "Effective Dose Equivalent."

Effective Dose Equivalent (EDE or H )" An estimate of the total risk of
potential health effects from radiation exposure to individualtissues or
organs relative to the risk from irradiationof the whole body. According to
DOE report EH-O071 (USDOE 1988), it is the summation of the products of the
"dose equivalent (H)" received by specified tissues of the body and a tissue-

,, . . T ,,
specific welghtlng factor (w.). lt includes the committed effective dose
equivalent (Hs0)from radionuc'lidesthat were deposited internally during the
year of exposure _ the dose equivalent (H) due to penetrating radiation
from sources external to the body during the year of exposure, lt is
expressed in Sl units of sievert (Sv) or in rem (I rem = 0.01 Sv). lt is
described mathematicallyas:

HE = _ [HT][wT]
T

Environmentaland Health Dose Assessment. Assessment of doses potentially
received by humans and other biota due to the actual or projected release of
radioactive and/or other hazardous materials to the environment.

EPA: U.S. EnvironmentalProtectionAgency.

Equilibrium: A condition in which the level ofmaterial in a particular
environmentalcompartment remains constant over time because the loss of the
material from the compartmentequals the input into it.
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EquilibriumTransfer Coefficient (E-rC)-Relates the concentrationof material
in an animal product at equilibriumto the rate at which the material is
ingested by the animal, lt is expressed in units of d kg-Ianimal product.

efg = The unit of energy required to exert a force of I dyne through a
distance of I cm.

ETC" See "EquilibriumTransfer Coefficient."

I erg = I dyne cm = I g cm2 sec"z= 6.25E+5 MeV - IE-7 J

g" Gram.

gray (Oy)" The Sl unit of "AbsorbedDose."

I gray = I Gy - I joule kg-I- 100 rad = 1.0E+4 erg g-1

Gy" See "gray."

h" Hour.

H or Ht: See "Dose Equivalent."

HE: See "Effective Dose Equivalent."

HE.SO" See "Committed EffectiveDose Equivalent." I_

Hso. See "Committed Dose Equivalent."

HEDOP" Hanford EnvironmentalDose Overview Panel.

HEHF" Hanford EnvironmentalHealth Foundation.

HMS" Hanford MeteorologicalStation.

ICRP" InternationalCommission on Radiological Protection.

IsotopicConcentration: The activity of a radioisotope,divided by the mass of
all the isotopes of the element in a sample (e.g,, Bq _C kg-_C in sample).

3" See "joule."

joule (3)" The unit of work and energy that is required to exert a force of I
newton (N) over a distance of I meter.

I J = [I N][I m]

•K: Degrees kelvin (°K = °C + 273.15).

kg" Kilogram (103g).

Kilometer (103m). e
km"
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L: Liter.

Ib: Pound (I Ib --453.6 g).

Leaching Factor. The fractional rate at which material is moved beyond the
root zone into the deeper soils each year. lt is expressed in units of yr-I.

m: Meter.

llaximallyExposed Individual (MEI): A hypotheticalperson whose location and
lifestyle result in maximum exposure to radioactiveor other hazardous
material from all or specified credible pathways.

MEI: See "Maximally Exposed Individual."

m9: Milligram (10.3g).

mi" Mile.

min" Minute.

mL: Milliliter (10.3 L).

mm: Millimeter (10.3m).

mo: Month.

NCRP: National Council on Radiation Protection and Measurements.

oz: Ounce (I oz = 28.35 g).

PA: See "PerformanceAssessment."

PerformanceAssessment (PA): As described in USDOE Order 5820.2A (1988), it
is "a systematic analysis of the potential risks posed by waste management
systems to the public and environment,and a comparison of those risks to
established performanceobjectives."

PNL: Pacific Northwest Laboratory.

ppmv: Concentrationof a compound in air expressed in parts per million.

ppmv = [C][24.4 L mole-i/W][T/273.15][760/P]

where C = concentrationof compound in air (mg m-3 air)
W gram molecular weight of compound (g mole-I)
T = temperature (°K)
P = pressure (mm mercury).

Q: See "Quality Factor."
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Qualtty Factor (0): A numerical value for normalizing the absorbed dose
produced by a given type of radiation according to the biological
effectiveness of the radiation. It is based primarily on the linear energy
transfer (LET) values for the radiation in question. The values of Q, as
taken from ICRP Publication 42 (ICRP 1984), are given below.

Radiation Type __Q_

Photons, negatrons, and positrons .......... I

Neutrons, protons, and singularly-chargedparticles
of unknown energy with rest mass >I amu ....... I0

Alpha particles and multi-chargedparticles of
unknown energy ................... 20

rad (RadiationAbsorbed Dose): Unit of "AbsorbedDose."

I rad = 100 erg g-i = 0.01 J kg-I = 0.01 Gy

RBE: See "Relative Biological Effectiveness."

Relative Biological Effectiveness(RBE): An experimentallydetermined
relative effectivenessof a given type of radiation on a particular biological
system (e.g., whole body, organ, tissue) to produce a specified type of effect
(e.g., death), lt is the quotient of the dose from 250 keV X-rays to produce
a given biological effect (e.g., mortality) divided by the dose from the
radiation in question to produce the same effect, lt has Si units of Sv/Gy or
conventionalunits of rem/rad.

rem (Roentgen EquivalentMan): A unit of "Dose Equivalent."

I rem = O.OI Sv

RL: U.S. Department of Energy's Richland Field Office, located in Richland,
Washington.

sec: Second.

SI: See "Systeme Internationale."

sievert (Sv): The SI units of "Dose Equivalent."

I sievert --I Sv = [I Gy][Q][N] = 100 rem

Systeme Internationale(Sl): A system of units of measurement as recommended
by the InternationalCommission on Radiation Units and Measurements.

Sv" See "sievert."

USDOE: U.S. Department of Energy.

, ,,,, ,,
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USEPA: U.S. EnvironmentalProtectionAgency.

WDOE: WashingtonStateDepartmentof Ecology.

WeightingFactor(WT): Numericalrepresentationof the totalrandomrisk to
each tissueor organresultingfrom uniformirradiationof the wholebody.
The valuesof wT, as takenfrom ICRPPublication42 (ICRP1984),are given
below.

Orqanor Tissue ___wT_

Gonads 0.25
Breast 0.15
Red bone marrow 0.12
Lung 0.12
Thyroid 0.03
Bone surfaces 0.03
Remainder 0.30

The "Remainder"term consistsof the 5 "other"organswith the highestdose.
The "other"organsincludethe liver,kidney,spleen,thymus,adrenalglands,
pancreas,stomach,smallintestine,and upperand lowerlargeintestine. (The
skin,lensof the eye, and extremitiesare not included.)The weighting
factorfor each "other"organis 0.06.

WHC: WestinghouseHanfordCompany.

WT: See "WeightingFactor."

yr: Year.

K.2. REFERENCES

InternationalCommissionon RadiologicalProtection(ICRP). 1984. "ICRP
Publication42, A Compilationof the MajorConceptsand Quantitiesin use by
ICRP." Annalsof the ICRP,Vol. 14, No. 4, PergamonPress,New York.

U.S. Departmentof Energy(USDOE). 1988. InternalDose-RateConversion
Factorsfor Calculationof Dose to the Public. DOE/EH-O071,DOE Assistant
Secretaryfor Environment,Safetyand Health,Washington,D.C.

U.S. Departmentof Energy(USDOE). 1988. RadioactiveWasteManaqement.DOE
Order5820.2A(Issued9-26-88),Washington,D.C.

ReECO.ENOEOENVONMNTAL SE LCO TONMO OSANO OROSECFICPAOETESCPNL3ev21]Append| x: K GLOSSARY
Appendix K Revtsion Number: 0 [HEDOP\PNL-3777.RV2\APK-GLOS.933] Appendix K Rev 0
Revision Date: March 1993 Page 9 of 10

, ;,



THIS PAGE BLANKINTENTIONALLY

I Report: RECOIVIEI!'OEpENVIROIN_NTN.DOSI(CAI_CULATIONHETHODSAND HANFORI)-SP[CIFIC,,,pARMt_TERS(PNL-3'/77 Rev 2) [

Appendix: K 6LOSSARY
Appendtx K Reviston g_ber: 0 [HEOOP\PNL-3777.RV2_APK-fiLOS.933] Appendix K Rev 0

Revts|on Oate: Hatch 1993 Page I0 of I0



PNL-3777Rev 2
UC-607

DISTRIBUTION

No. of No. of
,Copies. CoDies

OFFSITE OFFSITE

2 Officeof Scientificand D. Nylander
TechnicalInformation WashingtonStateDepartment

of Ecology
C. J. Card Suite102
MS 1025 7601 W. Clearwater
WashingtonPublicPower Kennewick,WA 99336
SupplySystem

POB 968 R.W. Poeton
Richland,WA 99352 U.S. Environmental

ProtectionAgency
T. E. Chapman 12006th Ave.
MS 1020 Seattle,WA 98101
WashingtonPublicPower
SupplySystem A.M. Raad

POB 968 WashingtonStateDepartment
Richland,WA 99352 of Ecology

MS:PV-11
J. L. Erickson Olympia,WA 98504-87ii
WashingtonStateDepartment
of Health E. Still

POB 47827 4104 14SthAve. NE
Olympia,WA 98504-7827 Redmond,WA 98052

D. E. Fields
Oak RidgeNationalLaboratory ONS!TE
POB 2009
Oak Ridge,TN 99831-6383 4 DOE RichlandFieldOffice

K. Fox-Williams E.M. Bowers(A5-90)
WashingtonStateDepartment R.F. Brich(A5-55)
of Health J.K. Erickson(A5-19)

POB 47827 E.D. Goller(A5-19)
Olympia,WA 98504-7827

4 HanfordEnvironmentalHealth
D. Jansen Foundation
WashingtonStateDepartment
of Ecology M.L. Dentler(HI-52)

POB 47600 R. Dowray(HI-02)
Olympia,WA 98504-8711 T.W. Henn (HI-02)

B. B. Milburn(B2-75)

I Report: RECON4ENDEDENVIRONNENTALDO.,.SECALCULATIONNETHODSANDHANFORD-SPECIFICPARANETERS(PNL-3ll7 Rev 2)

Section: DISTRIBUTUION

Revtston Number: 0 [HEDOP\PNL-3777.RV2\DISTLIST.933] O|strtbutton Rev 0
Revts]on Date: Narch 1993 Olstrt-I of 2

• .,



PNL-3777Rev 2
UC-41

No. of No. of
Copies Cootes

ONSITE ONSITE

22 WestinghouseHanfordCompany L.H. Sawyer(K3-54)
6 R. G. Schreckhise(K3-54)

M. R. Adams (H6-01) D.B. Shipler(KI-25)
R. G. Britton(NI-19) S.F. Snyder(K3-54)
R. A. Carlson (H6-03) J.K. Soldat (K3-54)
O. S. Davis (Nl-19) R.D. Stenner (K3-54)
R. P. Henckel (H6-03) O.L. Strenge (K3-51)
S. E. Hey (N1-19) M.J. Sula (P7-78)
D. A. Htmes (Nl-19) R.K. Woodruff (K6-13)
j. P. Hinckley (N1-24) Publishing Coordination
A. R. johnson (H6-30) 5 Technical Report Files
T. O. Kelly (L8-20) HEDOPFile
D. S. Leach (N1-19)
E. E. Leitz (N1-37)
L. D. Muhlestein (N1-28)
L. V. Nguyen(Nl-19)
D. K. Oestreich (Nl-19)
P. D. Rtttmann (H4-14)
R. H. Ruben((L8-20)
W. J. Rued (H6-26)
A. V. Savino (N1-19)
E. R. Selle (N1-19)
J. C. Van Keuren (N1-19)
J. R. Van Vleet (H4-62)

38 Pacific Northwest Laboratory

E. J. Antonio (K6-13)
D. A. Baker (K3-54)
W. T. Farris (K3-54)
S L Friant (K6-13)
CI Si Glantz (K6-90)
D. J. Hanley (K3-53)
T. A. Ikenberry (K3-54)
R. E. Jaquish (K1-30)
T. T. Jarvis (B1-34)
W. E. Kennedy, Jr. (K3-54)
C. T. Kincaid (K6-77)
D. L. Klages (P7-68)
B. A. Napier (K3-54)
I. C. Nelson (K3-54)
K. M. Probasco (K6-13)
j. V. Ramsdell (K6-03)
K. Rhoads(K3-54)

i ,,, _1

Report: RECOMMENDEDENVIRONMENTALDOSECALCULATIONMETHODS,ANDHANFORD-SPECIFICPARAMETERS(PNL-3777 Rev 2) U
Sect1_: OISTRIB_UION

IIRevls|¢_ N_r: 0 [HEDOP\PNL-3777.RV2\DISTLIST.933] OlstrlbutlonRev 0
Revlsion Date: March 1993 Olstri-2 of 2



r


