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SUMMARY

Atmospherictransportand diffusioncalculationsfor the initial phase

of the Hanford EnvironmentalDose Reconstruction(HEDR)Projectwere made

using the MESOILT2 computercode (Ramsdelland Burk 1991). This code imple-

mented a Lagrangiantrajectory,puff dispersionmodel using componentsfrom

other models designed primarilyfor regulatoryapplications. Uncertaintyin

the dispersioncalculationswas estimatedfollowingmodel calculations. The

resultsof the atmosphericdispersioncalculationswere summarizedin fre-

quency distributionsby locationfor use in preliminarydose calculations.
b

Analysisof the resultsof the preliminarydose calculationsshowed that

importantinformationon spatialcorrelationswas lost in summarizationof the

resultsof the atmosphericdispersionmodel calculations. Analysisof the

resultsalso showed that atmosphericmodel uncertaintyshouldbe based on

model calculationsrather than on estimatesmade independentlyfrom the model

calculations. Correctionof these weaknesses in the atmosphericdispersion

model required a revisionof the atmosphericmodel structure. A decision was

made to update the level of sciencerepresentedin the model as the model was

restructuredbecause many of the componentsof MESOILT2do not representthe

current state of the science in atmosphericdispersionmodeling.

In early March 1991, a meetingwas called to obtainguidance for revi-

siow:,of the atmosphericdispersionmodel. The participants(see Appendix A)

met in Richland,Washington,on March 25 and 26, 1991. This report presents

the resultsof that meeting. The resultsincludea consistentset of equa-

tions that representatmosphericprocessesimportantto the transport,

diffusion,and depositionof material in the atmosphereand recommendations

relatedto incorporationof uncertainty. Some aspectsof wind field modeling

and depositionwere discussedbut not resolved,and most details of imple-

mentationof the recommendationswere left to those programmingthe code

revisions.

The participantsfelt that it would be appropriateto reconvenethe

meeting to review the overallmodel organizationand the implementationof the

recommendationsfrom the initiaimeetingwhen initialcode developmentis

complete.
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1.0 I.NTRODUCTION

In 1987, the U.S. Departmentof Energy (DOE) directed the Pacific

NorthwestLaboratory(PNL),which is operated by BattelleMemorial Institute,

• to conductthe Hanford EnvironmentalDose Reconstruction(HEDR)Project. The

HEDR Projectobjectiveis to estimateradiationdoses to individualsand

populationgroups from exposureto historical,radioactiveemissionsfrom the

. Hanford Site. The project is being conductedunder the directionof a

TechnicalSteeringPanel (TSP) selectedby the Vice Presidentsfor Research at

the major universitiesof Washingtonand Oregon. A December Iggo Memorandum

of Understandingbetweenthe Secretariesof the DOE and the U.S. Departmentof

Health and Human Services (DHHS)transferredresponsibilityfor managingthe

DOE's dose reconstructionand exposureassessmentstudies,includingthe HEDR

Pro)ectto the DHHS. However,the TSP continuesin its technicaldirection

role.

Phase I of the project:,which ended in July 1990, was designedto

determinewhetherenough informationof sufficientqualitywas availableto

developand demonstratea dose estimatingmethod. The productof Phase I was

a set of more than 20 documentsthat describethe preliminaryinformation

found or reconstructed,preliminarydose-estimatingmodels and computer codes,

aridpreliminaryestimatesof doses and their uncertaintiesfor representative

individualswho may have lived near the Hanford Site during the early years of

Hanfordoperations.

Analysisof the preliminarydose estimates (SimpsonIggla,b)revealed

severalweaknessesin the Phase I modeling approach. Tw_ of the weaknesses

relateddirectly to the atmosphericdispersionmodel. The first weakness was

that importantinformationon spatialcorrelationswas lost in summarizingthe

data in frequencydistributions. The secondweaknesswas in the method used

to estimateuncertaintiesin the atmosphericdispersionmodel calculations.

" Uncertaintyshould be based on model calculationsrather than on estimates

made independently. These weaknesseshave been correctedby revisingthe

overallmodeling approachto includeMonte Carlo techniquesfor incorporating

uncertaintyin all componentsof the overalldose estimationprocess including

1.1
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the atmospheric dispersion model. This change in modeling approach required a

major revision of the atmospheric dispersion model used in Phase I of the

study.

In early March 1991, a meeting was called to obtain guidance for use in

revision of the model. The meeting was held in Richland, Washington, on

March 25 and 26, 1991. This report presents the results of that meeting. The

results include 1) a consistent set of equations that represent atmospheric

processes important to the transport_ diffusion, and deposition of material in

the atmosphere, and 2) recommendations related to incorporation of uncer-

tainty. Someaspects of wind field modeling and deposition were discussed but !

not resolved, and most details of implementation of the recommendations were

left to those programming the code re;isions.

The meeting participants were told that the HEDRProject technical staff

intends to estimate both the doses and the uncertainty in the doses using a

Monte Carlo approach. They were also told that the purpose of the meeting was

to provide guidance for restructuring and revising the MESOILT2computer code

(Ramsdell and Burk 1991) to make it consistent with the Monte Carlo approach.

The participants were asked to re-examine the parameterizations used in the

diffusion and deposition computations. The version of the model used in the

Phase I calculations does not make much use of recent (last 20 years)

developments in boundary layer meteorological theory or experiments.

Specific goals for the March 25-26, 1991, meeting were

I. select an appropriateset of relationshipsfor estimatingwind
profiles,plume rise, diffusioncoefficients,depositionvelocities_,
washout coefficients,and mixing-layerthicknessesfor use in the
HEDR Project

2. determinemethodsfor accountingfor the effects of imprecisionand
uncertaintiesin the meteorologicaldata and model parameterizations
in the model diffusionand depositioncalculations

3. consider distributionsfor the randomvariabilityto be used in the
Monte Carlo simulations.
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Participantswere told that the followingfactorswere to be consideredas

they worked toward their goals:

I. Computationalfactorsare important. The Monte Carlo approach is
computationallyintensive. Based on model runs made for Phase I of
the HEDR Project,the computationaltime for the atmosphericmodel
is being discussedin terms of CPU days on Sun workstations. Stor-
age for the model output is being discussedin terms of tens of
gigabytes. Therefore,computationaltime is an importantfactor.

, 2. Attempt to come up with a set of relationshipsthat describe the
atmospherein terms of continuousvariablesrather than discrete
states. For example,attempt to build stabilitydependence into the
model via the Monin-Obukhovlengthor RichardsonNumber. However,
the use of stabilityclassesmight be needed to arrive at the Monin-
Obukhov length or RichardsonNumber from availablemeteorological
data. Similarly,it might be necessaryto characterizesurface
roughnessby gross classesbecauseof limiteddata. Nevertheless,
values of zo that vary within the class range should be used rather
than a typical value for the class.

3. Attempt to maintain temporaland spatialconsistencyamong the
parameterswhile introducingrandom variabilityinto the model, lt
should be possibleto maintain this consistencyby introducing
random variabilityin model variablesthat are independentand by
propagatingthe variabilityto the dependentvariablesvia the model
parameterizations. For the purposesof the model, input values may
be consideredto be independent. These values includewind direc-
tion and speed, surfaceroughness,and perhapsstabilityclass.
Dependentvariablesmight includeu*, I/L, plume rise, diffusion
coefficients,depositionvelocity,etc.

These factorswere discussedearly in the meeting and were generallyopen to

modification. However, the limitedcomputationalresourcesand time were

st_'essed.

The next chaptercontainsbackgroundinformationprovided to the meeting

participants. In addition,all participantswere given a copy of the MESOILT2

documentation(Ramsdelland Burk 1991). They were also given a notebook

containingcopies of relevantpapers in the open literature. Most of the

papers in the notebooksare cited as referencesin this report.

Chapter 3 of this reportcovers the meetingdeliberations.,lt lists the

importantalternativesconsideredand presentsequationsthat describe the
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atmosphericprocesses. Recommendationsof the participantsare stated

exp!icitlyin Sections3.1 through3.5. They are implicitin Sections3.6

through3.8.

Chapter4 covers issues that were not resolvedat the workshop. These

issuesneed furtherdiscussionas supportinginformationbecomes available.

Chapter5 contains informationthat supplementsthe workshopdiscussions.

The sectionson upper-levelwinds and mixing-layerdepth describe data avail-

ability,and the sectionon sigma w for unstable atmosphericconditionspre-

sents an alternativeset of equations.

The appendicescontain informationrelatedto the meeting. Appendix A

lists the participants,and AppendixB contains the agenda.

1.4



,_ills ,,,, ..... l_l : ,,i II llJd:,i_ , ,

2.0 BACKGROUND

The followinginformationwas providedto participantsin March 25-26,

1991, meeting on HEDR atmosphericmodeling. TSP decisionssince the meeting

have expandedthe model domain and extendedthe study period. These changes

are not reflectedin the material in this report.

2.1 TIME

The currentperiod of primary interestis December25, 1944, through

. December 31, 1947, because it is the period of the largest iodine-131

releases. In the future,this study periodwill be extendedthrough at least

1955, and possiblythrough 1972. Model computationsare made using a basic

time-stepof 15 min based on hourlymeteorologicaldata input. Puffs are

releasedat 15-min intervals.

2.2 DOMAIN

The model domain is fixed in space and can be tied to a specificlocation

on the earth's surface. Any positionthat can be identifiedby latitude and

longitude,or other referencesystem,can be associatedwith a position in the

model domain. The currentdomain includesmost of easternWashingtonand

northeasternOregon. lt is likelyto be extendedto includeall of eastern

Washingtonand northeasternOregon,as well as the westernportionof northern

Idaho. Figure 2.1 shows Washington,Oregon,and western Idaho. Mountainsare

indicatedby the stippledregion. Figure2.2 shows the domain for Phase I of

the study. Concentrationsand surfacecontaminationare computedat nodes of

a Cartesiangrid. Spacing betweennodes is about 8 km. The wind field used

for puff advectionis definedon a Cartesiangrid with 16-km spacingbetween

+ nodes.

A separateset of calculationswill be made for estimationof doses near
w

the releasepoint (<10-20km). These calculationswill be made using a

straight-lineplume model.

The verticalstructureof the atmospherein the model is limitedto the

boundary layer. The top of the boundarylayer is definedby the mixing-layer
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___B_____. MeteorologicalReportingStations in Washington,
Oregon, and Western Idaho,1944-1947

depth. Advectionof puffs releasedat ground level is based on winds at the

10-m level. Advectionof puffs releasedat a level between 10 m and the top

of the mixed layer is based on winds extrapolatedto the release height,and

advectionof puffs releasedabove the top of the mixing layer is based on

_._in,ds extrapolatedto the top of the mixing layer.
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2,3 M_ETEQROLOGICALDATA

' Meteorological data from routine observations are available from

13 locations in and near the model domain for the primary period of interest.

• The records for eight of the locations are reasonably complete. Records for

three additional locations are nearly complete, except that they are for

limited hours. The records for the last two locations are for a limited

period, Figures 2.1, 2.2, and 2.3 show the meteorological stations in the
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1945 1946 1947

HanfordMetStation
Pasco
WallaWalla
Pendleton
TheDalles
Yakima
Ellensburg
Wenatchee
Ephrata
MosesLake
Harringion
Spokane
LaCrosse

ml Aroundthe Clock
_ LimitedHours

FIGURE _.3. MeteorologicalAvailability,1944-1947

Northwest,show the model domain location,and indicatethe extent of

availablemeteorologicalrecordsfor the period of primary interest. HMS in

Figure 2.2 is the HanfordMeteorologyStation. The two fuel reprocessing

plants that releasedmost of the iodine-131are locatedwithin 5 mil_s of the

station. The solid line around the HMS shows the approximateboundary of the

Hanford Site.

Wind direction,wind speed,and temperatureare availablefor Hanford for

the entire primaryperiod of interest. Precipitationrecordsbegin in July

1946. Data for most of the other locationsincludewind, sky cover, weather

(precipitation),and temperature. There are daily precipitationamounts for

an additional15 to 20 locationsin and near the model domain.

The locationand height of wind measurementsis generallyknown. The

observationswere made with the standardanemometersand vanes of the period.

All wind directionsare recorded in compasspoints, and wind speeds are

generallyreported to the c'losestknot. Wind speeds at Hanford are reported

in miles per hour.

The precipitationdata includedin the hourly observationsgenerallyare

the qualitativeintensitiesfound under currentweather (i.e., light snow,

2.4
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moderate rain, etc.). In a few cases there are hourly amounts in hundredths

of an inch. The datly totals are in hundredths of an inch.

Most of the meteorological data for the period were available only on

microfiche or paper copies of the original records. The wind data have been

entered in our project data base manually. Any other data will have to be

manually entered.

2.4 SURFACEROUGHNESS.

Horst and Elderkin1970; PowellMany wind profilemeasure_]ents(e.g.,

1974) indicatethat zo in the vi_,inityof th_ 200 Areas at Hanford is about

0.03 m. Surfaceroughnessforthe re_t of the model domain will have to be

estimatedfrom topography,land _e, and vegetation. Terrainelevations

digitizedat 30" latitude and longitudeintervals(-I Km) are available_ In

addition,gross land use and vegetationdata should be readilyavailable.

2.5 MODEl,PARAMETERSTO BE_EST!MA_

Equations,or at least guidance to where the equationscan be found,

should be selectedfor the following:

• extrapolationof winds within the boundary layer

• estimationof plume rise

• estimationof diffusioncoefficients

• estimationof depositionvelocities

• estimationof washout coefficients(secondary)

° estimationof the mixing-layerdepth.

, Consensuson some of these items should be reachedvery quickly. For example,

" the diabaticwind profiles (e.g.,Panofskyand Dutton 1984, pp. 133-136)are

reasonablywell established,and Briggs'plume rise equations(e.g Briggs

1975, 1984) seem to be almost universallyaccepted. Other items,for example,

selectionof washoutcoefficients,may not be settled.

i
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2.6 I_NTERMEDIATEATMOSPHERICVARIABLES

Work will not be completewhen the items listed above are settled, lt

will still be necessaryto make sure that the calculationscan be made with

the availableinput data. lt is likely that the relationshipsrecommendedby

the group for wind profiles,estimatingdiffusioncoefficients,etc., will

involve intermediatevariablessuch as u*, L, etc. Therefore,the group will

spend some time discussingthe processof gettingfrom the input data to the

final numbers.
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3.0 HEETINGDELIBERATION_S

The followingsectionscontainthe resultsof the meeting deliberations°

Equationsand referencesdiscussedin the meeting explicitlyand implicitly

have been included in the section. In some cases, backgroundinformationhas

been added to assist membersof the TechnicalSteeringPanel in placing the

meetingdiscussionsin contextof the Phase I model.

3.1 WIND PROFILES

Three methods of adjustingwind data for chanqes in height were consid-

ered during the meeting:

• interpola.t__i__Qbetweenwinclsestimatedat two or more levels using a wind
field model

° power-law.windprofiles,in which the exponentsare functionsof stability

-" ° diabaticwind prof._lesbased on atmosphericboundarylayer similarity
theory.

3.1.1 Interpolation
!

- Interpolationrequirestwo wind fields, one near the surfaceand another

a at an upper level Surfacewind fields can be estimatedfrom hourly weather

| data, but upper-levelwind field data are availableonly twice a day.

i Currentlythere are four rawinsondeobservationstationsin the PacificNorthwest--Spokane,Boise, Salem, and Quillayute--thatprovidethese data.

The QuillayutP.stationwas establishedafter the significantradionuclide

releasesto the atmospherefrom operationsat Hanford. Prior to establishment

of the Quillayute station,rawinsondemeasurementswere made at Tatoosh Island

and Seattle.

" Assuming that the rawinsondedata are adequate,hourlywinds at a repre-

sentativeupper level could be estimatedby spatialand temporal interpolation

from the twice-dailymeasurements. Then, wind speed and directionat the puff

advectionheight could be estimatedby interpolationbetweenthe surfaceand

upper-levelwind fields. This processestimateschanges in wind directionas

well as wind speed.

3.1
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The generalconsensuswas that winds at the 700-mb level (aboutI0,000 ft

msl) would be more representativeof the upper-levelflow over the HEDR model

domain than the 850-mb (about 5000 ft msl) winds becausethey would be less

influencedby local topography. There was also consensusthat the winds

between 700 mb and a lower 'level,perhaps1500 ft to 3000 ft msl, should be

assumed to be independentof height. This assumptionshould lead to more

realisticchanges in wind directionand speed betweenthe surfacelevel wind

field and the puff advectionheight.

3.I.2 Power-Iaw Profile

Power-lawwind profiles (e.g.,Panofskyand Dutton 1984,pp. 130-131)

have been in use for many years. In these prufiles,the wind speed u(z2) at

height zz is estimatedfrom the wind speed u(zl)at height zI using thu

relationship

u(z2) = u(z ) (z2/zl) (3.1)

where the exponent e is function of atmospheric st&bility. The power-law

profile does not address the change of wind direction with height.

Althoughthe power-lawprofileis computationallysimpleand there is

also a significantprecedentfor its use, the power-lawprofiledoesn't

includean exDlicitrelationshipwith variablesimportantin atmospheric

boundary layer description. Specifically,it doesn'tprovidea relationship

betweenwind speed, surface roughness,and stabilitythat can be used to esti-

mate the friction (atmosphericturbulencescaling)velocity u,.

3.1.3 DiabaticProfile

Diabaticprofiles are derivedfrom atmosphericboundarylayer similarity

theory proposedby Monir_and Obukhov (1954). The basic hypothesisof simi-

larity theory is that in the atmosphericlayer near the ground,a number of

parameters,includingwind profiles,shouldbe universalfunctionsof the

friction velocity,a length scale,and the height above ground. A large body

of experimentaldata supportsMonin-Obukhovsimilaritytheory.

In similaritytheory, the length scale, L, is referredto as the Monin-

Obukhov length and the ratio z/L is qualitativelyrelatedto atmospheric

3.2



stability. Whenz/L is negative and large (e.g., <-2), the atmosphere is

extremely unstable (convective). Whenz/L is near zero, the atmosphere is

neutral, and when lt is positive and large (e.g., >1), the atmosphere is

extremely stable.

The diabatic wind profile is

u(z) = _*- [ln(z/Zo) - f(z/L)] (3.2)

where u, = functionvelocity

k = von Karman constant,which has a value of about 0.4

z = wind speed measurementheight

zo = a measureof local surfaceroughness(roughnesslength)

L = Monin-Obukhovlength.

The term f(z/L) representsthe effects of stabilityon the wind profile. In

stable atmosphericconditions,f(z/L) has the form -ez/L. Estimatesof the

value of e range from 4.7 to 5.2 (Panofskyand Dutton 1984, p. 136). ;[n

neutralconditions,f(z/L) is zero, and the diabatic profilesimplifiesto a

logarithmicprofile.

In unstableair, f(z/L) is more complicated. According to Panofskyand

Dutton (1984),the most common form of f(z/L)for unstable conditionsis based

on work by Busingeret al. (1971) and Paulson(1970). lt is

f(z) = In{[(1+x2)/2][(I+x)/2]2) - 2 tan"Ix + _/2 (3.3)

where x = (I - 16 z/L)I/4.
i

Equation (3.2) providesa means of estimatingthe frictionvelocityfrom

measuredwind speedswhen the surfaceroughnessand Honin-Obukhovlengthscan

be estimatedfrom other information. Typicalroughnesslengthshave been

determinedfor varioustypes of topography,ground cover, and land use. For

the HEDR model domain,they range from about 0.01 m to more than I m. Topog-

raphy and land-usedata are readilyavailablewith adequateresolutionfor use

with the HEnR atmospherictransportmodel.
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Golder (1972) provides a graphical relationship between the surface

roughness length, the Pasquill stability class, and the Honin-Obukhov length.

This relationship can be implemented numerically in the model. Estimation of
intermediate variables is discussed in more detail later.

3.1.4 Recommendations

Following discussion of the alternatives, the consensus of the meeting

participants was that thediabatic profile should be used to model the change

in wind speed with height within the boundary layer. There was also a con-

sensus to limit the use of the diabatic profile in stable atmospheric condi-

tions. The wind speed at any height in the boundary layer should not be

allowed to exceed the speed at the 850 or 700 mbpressure level. These levels

correspond to about 5,000 and 10,000 ft above sea level, respectively.

The diabatic profile doesn't describe the change in wind direction with

height. MESOILT2and many similar dispersion models ignore this change.

However, the participants felt that it may be important to mode] the change in

wind direction. The method suggested for modeling the change in wind direc-

tion was to determine the upper-level wind direction (again 850 or 700 mb),

assumethat the wind direction at an as-yet-undetermined height (500 to 1000 m

above the terrain) is the same as the upper-leveldirection,and linearly

interpolatebetween the low-leveland upper-leveldirections.

3.2 PLUME RISE

Plume rise was consideredbriefly. Althoughthere is more than one

method for estimatingplume rise, the equationsproposedby Briggs (1975,

1984) have gained a generalacceptanceunequaledby the other methods.

Briggs'equationsare implementedin the INPUFFmodel (Petersenand Lavdas

1986) and the MESOPUFF II model (_cireet al. 1984).

3.2.1 Unstable and NeutralConditions

In unstable and neutralatmosphericconditions,the effectiverelease

height (stack height + plume rise) in INPUFF !_ given by

he = hs' + 1.6 FbI13xf2/3U(hs)-I (3.4)
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where he = effectivestack height

hs' = stack height, correctedfor downwash if appropriate

Fb = buoyancy flux parameter

Xf = distance to final plume rise

U(hs) = wind speed at stack height.

The buoyancyflux parameter,Fb, is definedby

Fb - g[(Tp-Ta)/Tp] Wprs2 (3.5)

where g = gravitationalacceleration

Tp = initialtemperatureirlthe plume

Ta = air temperature

Wp = vertical velocityof the plume at the stack exit

rs = inside radius of the stack exit

and, the distanceto final plume rise, xr, is given by

• 3.5 (14Fb5/8) Fb < 55 m4/s3
! xf = (3.6)

3.5 (34Fb2/5) Fb >_55 m4/s3.

i A minimum stack height wind speed of 1.37 m/s is assumedwhen the wind is nearcalm (<1.37 m/s).

Weil (1985) presents another equation, also attributed to Briggs, for

estimatingthe final plume rise for windy, neutralconditions, lt is

f

' he = hs' + 1.2 Fn3j5 (I + 1.2FR)z/shs (3.7)

I

i where Fn = Fb / [U(hs)U,Zhs].3.2.2 Stable Conditions

In windy stable atmosphericconditions,the effectivereleaseheight in

INPUFF is

i 3.5
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he = hs' + 2.6 Fb1/3 [SU(h,)] -1/3 (3.8)

where S is a stability parameter, gr/T a, and 1_ is the temperature lapse rate.

If the wind speed is low during stable conditions, the effective release

height is computed using

he = hs' + 4 Fbt/4 S"3/8. (3.9)

The effective release heights computedwith Equations (3.8) and (3.9) are com-

pared, and the lower value is used in the model.

3.2.3 Recommendations.

The consensus of the meeting participants was to use equations for final

plume rise for the model calculations [Equations (3.4-3.6), (3.8), and (3.9)].

It is not necessary to use equations for plume rise in the vicinity of the

stack because lt is several kilometers from the release points at Hanford to

the nearest points at which air concentration and surface contamination are

computed.

The participants also recommendedthat winds and temperatures measured at

stack height be used in the plume rise calculation, when available. Whenthe

temperature at the release height is not available, a climatologically repre-
sentative default value should be used. Whenthe measured wind at the release

height is not available, the wind will be estimated from the wind field using

the same interpolation technique used to obtain winds for puff movement.

3.3 _IXING_LAYERDEPTH

The atmosphericmixing layer is the portionof the atmospherenear the

earth's surfacewhere turbulenceis an effectivemechanism in spreading

material releasedto the atmosphere. The top of the mixing layer acts as a

limit for the verticaldiffusionof material released in the mixing layer. In

models, mixing-layerdepth refers to the height of the top of the mixing-layer

above the ground.

The mixing-layerdepth is generallya functionof surfaceheat flux,

surfaceroughness,and wind speed, lt may be estimatedfrom the temperature
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profile in rawinsonde observations or remote sensing instruments such as

SODARsand LIDARs. Rawinsondes were just coming into us_ in the middle 1940s,

and SODARsand LIDARs are recent developments.

3.3.1 StaP_leand NeutralConditions

Estimatesof the mixing-layerdepth _:y be made from surfacemeteoro-

logicaldata. For stableconditions,Ziiitinkevich(1972)derives the

expression

H = k (u,L/f)I12 (3.10)
t

where H = mixing-layerdepth

k = von Karman constant (-0.4)

L = Monin-Obukhovlength

f = Coriolisparameter.

Pasquill and Smith (1983) indicatethat constantvalues in the ran_e 0.2

to 0.7 have been suggestedin place of the von Karman constant in Equa-

tion (3.10),and authorsreferencedby Weil (1985)suggestconstantvalues in

the range 0.4 to 0.7.

For neutral conditions,the mixing-layerdepth may be estimatedfrom

H = _u,lf (3.11)

where _ is a constant. Zilitinkevich(1972)assumesthat _ is equal to k;

Pasquilland Smith (1983)suggest _ has a value in 'therange 0.2 to 0.3; and

Panofskyand Dutton (1984)suggest its range is 0.15 to 0.25.

. 3.3.2 Unstable Conditions

Panofsky and Dutton (1984)containsa derivationof a simple integral

• equation for H in unstableconditions. However,solutionof the equation

requiresinformationthat is not availablefor Hanfordfor the HEDR study

period. The remainingalternativesare to estimateH from observeddata or

from climatology.
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The nearest locationwith rawinsondedata suitablefor use in estimating

mixing-layerd,_.pthsis Spokane,where rawinsondeobservationsare made twice

daily. Mixing-layerdepths are also estimatedhourly by the Hanford

MeteorologicalStationforecaststaff.

3.3.3 Recommendations

The consensuswas that the mixing-layerdepths be estimatedfrom surface

meteorologicalobservationsduring neutral and stable atmosphericconditions.

For unstableconditions,the participantsrecomended that the mixing-layer

depth be estimatedfrom Spokanerawinsondeobservationsif the weather is

similarover the model domain. If the weather is dissimilar,they recommended

that climatologybe used to estimatethe mixing-layerdepth.

Estimatingthe mixing-layerdepth based on local conditionsmay lead to

unrealisticspatial variationsin the mixing-layerdepth betweenmeteoro-

logicalstations. The participantsrecommendedthat some method be used to

smooth out unrealisticvariability. The two methods discussedwere I) esti-

mating the mixing-layerdepth at each locationand then smoothingthe

estimates,and 2) fittinga surfaceto the estimates. Selectionof a method

was left as an open issue.

3.4 DIFF..USIONCOEFFICIENTS

There are numerousmethods for estimatingdiffusioncoefficients

describedin the literature. They have been compared and evaluated(e.g.,

Gifford 1976, Hanna et al. 1977, Randerson1979, Irwin 1983, Weil 1985,

Gryninget al. 1987). The generalconsensusis that diffusioncoefficients

shouldbe estimateddirectly from atmosphericturbulencestatistics. Meeting

participantsgroup didn't indicateany desire to deviatefrom this consenRus.

Turbulencestatisticsare not availablefor use in the HEDR study. As a

result,turbulencestatisticsmust be estimatedfrom atmosphericconditions,

e.g., wind speed and stability,and surfaceroughness. Estimationof turbu-

lence statisticsis discussedunder intermediatevariablesin Section3.6.

Methodsof estimatingdiffusioncoefficientsthat are based entirelyon

stabilityclasses or turbulencetyping schemesand distance (e.g., the

Pasquill-Giffordcurves)weYe not consideredat the meeting.

3.8
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A puff diffusionmodel is being used in the HEDR Projectto simulate

plume diffusion. There is a theoreticaldifferencebetweenpuff and plume

diffusioncoefficients. Puff models, includingMESOILT2,INPUFF,and

MESOPUFF II, generallyuse plume diffusioncoefficients. However,one peer

reviewerof MESOILT2questionedthe appropriatenessof this practice. The

questionwas placed before the meetingparticipants. The consensusof the

participantswas that the use of plume diffusioncoefficientswas justified

for two reasons. The first reason is that the model is using puffs as a

computationaldevice to representplumes. If puff diffusioncoefficientswere

used, the resultsof model calculationswould not approachthe resultsof a

straight-lineGaussian plume model when constantwind direction,wind speed,

and stabilityare used as model input. The second reason is that the duration

of releases at Hanford is longer than the time for plumes to travel from the

source to most receptorsin the model domain. Therefore,use of plume diffu-

sion coefficientswill continue in the revisedmodel.

3.4.1 Recommendations

The equationrecommendedfor estimatinghorizontaldiffusioncoefficients

near the source is

ay = aV t fy(t) (3.12)

where ay = the horizontaldiffusioncoefficient

_v = the standarddeviationof the componentof the wind
perpendicularto the mean direction

t = the travel time

fy(t) = a nondimensionalfunctionrelatedto the travel time and
turbulencetime scale.

B

This relationshipis used in the INPUFFmodel; MESOPUFF II uses stability

classes and distance traveledto estimatediffusioncoefficients. Thus, the,

i recommendationon diffusioncoefficientsis to follow the procedurein INPUFF.
In the INPUFFmodel, the functionfy(t)is computedusing a relationship

l suggestedby Irwin (1983). lt is

'i 3,9
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fy(t)= [I + 0.9(t/T1)Z/z.l'1 (3.13)

where t is the travel time and Tr is the turbulencetime scale,which is

assigneda value of I000,

In Equation (3.12)with fy(t)definedby Equation (3,13),the diffusion
coefficientincreasesas a functionof time to the first power near the source

and as a functionof time to the one-halfpower at long times. This behavior

is consistentwith Taylor's (1921)theoreticalresult. However,Gifford

(1977, 1982) presentsa strong case based on both theory and observedplumes

that horizontaldiffusionincreasesat least linearlywith time for several

days. On this basis, the participantsrecommendthat after 30 minutes of

travel time, horizontaldiffusioncoefficientbe computedusing

ay = Cavt (3.14)

where c is a constantequal to the value of fy(t) at 1800 s.

The recommendedequation for estimatingverticaldiffusioncoefficients

is similarto Equation(3.12)with az replacingay, aw replacingoV, and fz(t)

replacingfy(t),respectively, lt is

az - aw t fz(t). (3.15)

When this _,_uationIs appliedto releaseswithin the mixing layer, growth of

a z is limited by the mixing-layer depth. When it 'is applied to releases above|
the mixing layer,aW is _et to 0.01 m/s, and az is limitedby the effective

release height°

- INPUFF has two forms for the nondimensionalfunctionfz(t). In unstable

_ and neutralconditions

Jm

i Fz(t) - I (3.16)
i

i

i

and in stable conditions(and above the mixing layer)
m

__ fz(t)- [I + O.9(t/T_)I/2]"I (3.17)
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where Tr = 50. Estimation of _v and ow is discussed under estimation of

intermediate variables (Section 3.6).

3.5 DEPOSITION

MESOILT2 uses simplemethodsfor calculatingdry and wet deposition. The

original purposefor includingdepositionin the MESOI family of models was to

identifyareas where field teams should be sent to measure surfacecontami-

• nation. In that context, simpledepositionmodels were adequate. More

sophisticatedmethods of calculatingdepositionneed to be evaluatedfor the

. model for use in the HEDR Project.

3.5.1 D_Y Deposition

MESOILT2 uses a dry depositionmodel that is a puff model equivalentof

the sourcedepletionmodel used in plume models. The rate of depositionof

material on surfaces is proportionalto the concentrationnear the surface.

The proportionalityconstantbetweenthe concentrationin the air and the flux

of material to the surfaceis called a depositionvelocity. A constantvalue

of 0.01 m/s was assumedfor depositionof iodine-131in MESOILT2. The amount

of material depositedon the surfacesis subtractedfrom the total mass in the

puff to conservemass. However,this procedureartificiallypropagatesthe

mass deficit resultingfrom depositionthroughoutthe puff instantaneously.

Alternativemethods for estimatingdry depositionproposedby Overcamp

i (1976),Horst (1977, 1980, and 1983) have not been used in appliedmodels.

i Currentgeneration,appliedmodels estimatedepositionusing an approachbasedon an analogy with electricalsystems. The depositionprocess is assumedto
II

¶ be controlledby a networkof resistances,and the depositionvelocity is the

| inverseof the total resistanceof the network. In the simplestcase, resis-

. tances are associatedwith atmosphericconditions;physicaland chemical

characteristicsof the material;and the physical,chemical,and biological

. propertiesof the surface. Seinfeld (1986)describesthe resistanceanalogy.
d

In the resistanceanalogy,typically,the total resistance is made up of

- three components: aerodynamicresistance,surfacelayer resistance,andi
! transferresistance. Thus, for a gas, the depositionvelocity is computedasl
i
ill

dlB
__II
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Vd " (ra + rs + rt )'I (3.18)

where vd - depositionvelocity

ra - aerodynamicresistance

r. - surface resistance

rt - transfer resistance.

Equatton (3.18) is used in the MESOPUFFII model. The aerodynamic resistance

is a function of wind, stability, and surface roughness. The surface resis-

tance is a function of wind and surface roughness and may be expressed in

terms of a Schmidt number. Finally, the transfer resistance is associated

with the characteristics of the depositing material and surface type. Equa-

tion (3.18) can be extended to calculation of deposition velocities for

particulate material with relatively minor modifications.

Computation of deposition velocities by the resistance analogy does not

deal directly with the problem related to depletion of the puffs. However, by

selecting the methods of computing resistances so the deposition velocity

decrease significantly during stable conditions, the magnitude of the problem
can be reduced.

3.5.2 )_.q_lL_P._pos i t i.o_on

HESOILT2 includes a simple washout model for calculating wet deposition.

Washout coefficients are functions of precipitation rate and precipitation

type. The values of the washout coefficients are based on limited experi-

mental work.

3.5.3 Recomendation

The consensus of the participants was to use the resistance analogy to
¢

estimate deposition velocities. There were no recommendations related to

computing resistances or wet deposition.
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3.6 ESTIMATIONOF INTERMEDIATEVARIABI,I_SAND PARAMETERS

The methodsrecommendedby the meetingparticipantsinvolveseveral

intermediatevariablesor parametersthat ._renot directlymeasured. There-

fore, values of these variablesmust be estimatedfrom availabledata. The

methods that the working group recommendedfor estimatingthe intermediate

variablesare summarizedhere.

3.6.1 SurfaceRouahness (Zol
q

The surfaceroughnesslength is a characteristiclength associatedwith

surfaceroughnesselements, lt arises as a constant of integrationin deri-

vation of the wind profile equationsand is used in severalother boundary

relationships.

Texts on atmosphericdiffusionand air pollution (e.g.,Panofskyand

Dutton 1984) containtables that give approximaterelationshipsbetweenzo and

land use, vegetationtype, and topographicroughness• Data on land use, vege-

tation types and topographicroughnessare readilyavailablefor the HEDR

model domain. Thus, the relationshipsin these tables can be used to estimate

surfaceroughness.

3.6.2 StabilityClas_E_

Numerousmethodsexist for describingatmosphericstability. Most of

these methodsrequire informationthat is not readily availablein normal

meteorologicalrecords• However,Pasquill(1961) and Turner (1964)describe

proceduresfor estimatingatmosphericstabilityclasses from routinemeteoro-

logicalmeasurements. The stabilityclassesdefined by Pasquilland Turner do

not provide the continuousmeasures of stabilitythat are desired,but they

may be used as intermediatevariablesin estimatinga continuousstability

measure, the Monin-ObukhovIength.
b

The Pasquilland Turner stabilityclasses are both determinedfrom solar

radiationand wind speed. Turner'sclassificationscheme is more detailed

than Pasquil1'sscheme. Golder (1972)comparesstabilityclass estimatesfrom

the two schemes.
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3.5.3 Monin-Obukho_Lenqth (_

Golder (1972)also provides a means for convertingstabilltyclass esti-

mates to estimatesof the Monin-Obukhovlength. Golder's Figure 2 and 3

relate zo, I/L and the Pasquill and Turner stabilityclasses. Given zo and a

stabilityclass, these figurescan be used to estimatea range for I/L.

3.6.4 FrictionVelocity (u,l

Given a wind speed, the wind speed measurementheight, zo, and I/L, the

diabaticwind profileequationcan be used to estimateu,.

3.6.5 sLqma Vr.(av)a_ndSigma w (a_)

Hanna, Briggs, and Hosker (1982) presentsimple expressionsrelatingthe

standarddeviationsof the lateral and verticalcomponentsof turbulenceto

the friction velocityand other atmosphericboundarylayer parameters. These

expressionsare

u, (12 - O.SH/L)I/3 Unstable (3.19)

av = u, 1.3exp(-2fz/u,) Neutral (3.20)

u, 1.3(I - z/H) Stable (3.21)

u, 1.3exp(-2fz/u,) Neutral (3.22)
a w =

u. 1.3(I - z/H). Stable (3.23)

They also providefour equationsfor use in estimatingaw in unstablecondi-

tions. The four equationsinvolve a scalingvelocityrelated to the surface

heat flux and the mixing-layerheight. The equationsare not listed here; two

alternativesthat were not discussedat the workshop are presentedlater.

3.7 _ON_E_PF UNCERTAINTY

One of the primaryreasons for extensiverevisionof the MESOILT2

(RamsdellarldBurk 1991) code is to facilitatethe incorporationof uncer-

tainty in model calculations. When the number of sourcesof uncertaintyis
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large and the variables in the model are correlated, a good deal of caution

must be taken in the way in which uncertainty is incorporated. Amongthe

potential problems is compoundingthe effects of uncertainty in an unrealistic
manner.

The premise set forth at the beginning of the meeting was that unreal-

istic compoundingof the effects of uncertainty in an atmospheric model could

be avoided by careful selection of a self-consistent set of equations for the

. model and restricting addition of random components to only those variables

which may be realistically assumedto be independent. This premise was

disputed. Equations (3.1) through (3.23), which were recommendedby the

participants, are consistent.

Given the recommendedequations, the participants considered the vari-

ables discussed in Sections 3.7.1 through 3.7.6 to be appropriate places to

enter uncertainty. The variables are uncorrelated or weakly correlated.

Uncertainty entered via these variables will propagate properly throughout the

remaining model variables.

3.7.1 Surface .R.ouqhness

Surface roughness lengths can be estimated directly from measured wind

profiles or they can be estimated from general characteristics of the surface

su_n as topography and land use. Extensive wind measurements at the Hanford

Heteorology Station show that the roughness length near fuel processing plants

in the 200 Areas is in the range of 0.03 to 0.12 m. Roughness lengths for the

remainder of the domain must be estimated from topography and land use.

Topography and land use may be used to classify the model domain into

several roughness length c]asses. Each class can be assigned a roughness

length range using typical values found in the meteorological literature.

Tables 6.1 and 6.2 in Panofsky and Dutton (1984) provide guidance in estab-

lishing the classes and ranges.

In the vicinity of Hanford, surface roughness should be relatively inde-

pendent of atmospheric conditions. Therefore, it was the consensus of the

participants that the set of surface roughnesses used to describe the mode]

domain should not be changed as a function of time. However, the uncertainty

in the surface roughness lengths should be incorporated by random variation of
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roughnesslengthsbetween replications. Use of a stratifiedsamplingpro-

cedure (e.g., Latin hypercubesampling)to select the roughnesslengthswas

recommended.

The distributionto be assumedfor roughness]engthswithin the roughness

length classeswas discussedbriefly. Both uniform and log-uniformdistribu-

tions were mentioned. However,neitherdistributionhas a strong theoretical

basis.

3.7.2 Stabilit.yClass

Atmosphericstabilityis a fundamentalconcept in meteorology,but it

cannot be obtaineduirectly from the data availablefor the study period. As

a result,it must be estimatedfrom the limiteddata that are available.

Severalmethods of estimatingstabilityare in use. lt is well established

that the methodsdo not give consistentresultson an hour-by-hourbasis.

Methodsof estimatingstabilityclassesproposedby Gifford (1961),

Pasquill (1962),and Turner (1964) are based on data that are availablein

routinemeteorologicalobservations. These methods form the basis of the

procedurethat the NationalClimaticData Center uses to estimate stability

classes from climatologicaldata (Hatch1988).

Golder (1972) comparesstabilityclass estimatesmade at five locations

using the Pasquilland Turner methods. The results of this comparison,shown

in Golder'sFigure 3, show reasonableagreementamong the hourly stability

class estimatesand provide a basis for estimatingthe uncertaintyin the

class estimates.

3.7.3 Monin_-ObukhovLength

Stabilityclassesare discreteestimatesof atmosphericstability. How-

ever, in boundarylayer similaritytheory,stabilityis representedby the

Monin-Obukhovlength,L, which is a continuousvariable. Figure 5 in Golder's

1972 paper provides a basis for convertingstabilityclass to Monin-Obukhov

length. The figuremay be used to estimatea range of Monin-Obukhovlengths

that are consistentwith a given surfaceroughnesslength and stabilityclass.
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Specific values of L can be obtainedfrom the range when needed. The figure

indicatesthat it is appropriateto assumethat I/L is uniformlydistributed

within the range.

3.7.4 Wind Speed

Wind speed measurementsare subjectto many errors. The largesterrors

in historicalmeasurementsare likely to be in the result of poor instrument

exposure. It is difficultto estimatethe magnitudeof these errors. Within

' the contextof atmospherictransportand diffusionmodeling,these errors may

be assumedto be a minor sourceof uncertaintyin model predictionsrelative

' to uncertaintiesin wind directionand stability. No attemptwill be made to

correctwind speed data for potentialmeasurementerrors. However,uncer-

tainty in wind speeds relatedto imprecisionof the recordedwind speedswill

be accountedfor.

Wind speeds used in the model will be selectedfrom a uniformdistribu-

tion centeredon the recorded speed. The width of the distributionwill be

determinedby the precisionof the recordedspeeds.

3.7.5 Wind Direction

Wind directiondata prior to 1965 are recordedby compass points (N, NNE,

..., S, ...,NW, N). Each compass point representsa 22.5° sector. This

imprecisionin the recordedwind directiondata will be a significantsource

of uncertaintyin atmospherictransportcalculations. This uncertaintywill

lead to significantuncertaintyin the concentrationand dose estimatesat

specificpoints resultingfrom isolated,short-termreleases. The magnitude

of the uncertaintyshoulddecrease as the number of releasesand integration

period increase.

Imprecisionin wind directioncan be addressedby assumingthat wind
e

directions are randomlydistributedwithin the reportedsector. However,

imprecisionis not the only source of uncertaintyin wind directions. The

recordeddirectionsfor stationsother than Hanford are the result of brief

observationsmade once each hour; they are not hourly averages. Thus, the

directionmay not be representativeof the true hourly average. In addition,

wind directions are expected to have greateruncertaintyduring low wind

speeds than during high speeds.
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Wind directionerrorsmay also be caused by other factors including

unrepresentativeinstrumentexposures,instrumentationerrors, and observer

bias. To the extent that the errors are randomand unsystematic,they are

difficultor impossibleto identifyand correct in historicdata. Frequently,

however,the existenceof errors associatedwith observerbias can be detected

by examiningwind directionsummaries.

The meeting participantsgenerallyagreed (not unanimously)that the wind

directionuncertaintyshouldbe treated by assumingthat the wind directionis

uniformlydistributedwithin the reported 22.5o sector. An alternative,which

was discussed at length,is to expand the sectorwidth as the wind speed

decreases. There was agreementthat the uncertaintyincreasesas the wind

speed decreases,but there was no consensuson detailsof how much to expand

the sector width, or how to relate the expansionto wind speed. Ultimately,

the group agreed that it would be better to risk understatingthe wind direc-

tion uncertaintythan to expand the sectorwidth without a firm technical

basis.

The discussionon wind directionuncertaintyled the meeting participants

to the general conclusionthat we should base our treatmentof uncertaintyin

the model input variableson what we know. We should not base it on what we

feel.

3.7.6 Mixina-LaverDepth_

The participantsrecommendedthat the mixing-l_yerdepth be computedfrom

the friction velocityand Honin-Obukhovlengthduring stable and neutral

atmosphericconditions. Therefore,variationsin the estimatedvalues of the

frictionvelocity and Monin-Obukhovlengthwill lead to variations in the

mixing-layerdepth during these conditions. In unstableconditions,the

mixing-layerdepth will be estimatedfrom climatologicaldata at the Hanford

MeteorologyStation. These data may be used to estimate a range of vari.-

abilityand distributionof mixing-layerdepths as well as a mean value.

Uncertaintyin mixing-layerdepths during unstableconditionscan be modeled

by selectingrandom values from an empiricaldistributionbased on Hanford

data.
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3.8 MODEL VALIDATION

The subjectof model validationwas discussedbrieflyby the working

group. The discussioncenteredon two topics. The first was the meaning of

validation,and the other was data sets for use in validation.

The group consensuswas that if model validationis construedas proof

that a model will give accurateconcentrationor dose estimatesunder all

conditionsfor all locations,then model validationis impossible. On the

" other hand, if model validationis construedas a demonstrationthat a model

producesresultsthat are generallyconsistentwith observeddata in one or

' more test cases, then validationis a realisticgoal.

In this broadersense of validation,the group noted that there are

severaldata sets that might be used to evaluate the transportand diffusion

• portionsof the atmosphericmodel. These data sets includedata on krypton-85

releasesat Hanford and the Nepartmentof Energy'sSavannahRiver Plant and

data from dispersionexperimentsat the Idaho National EngineeringLaboratory.
t

| The group also suggestedthat there might be other environmentalmonitoring

i data from Hanford that could be used for model evaluation.

i ' '
i
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4.0 OPEN ISSUES

The meeting agenda coveredmany topics relatedto revisionof the atmos-

pheric model. Several importanttopics were not on the agenda,notably,wind

field modelingand treatmentof the variousforms in which iodinecan exist in

the environment. In addition,the meetingparticipantsdid not dwell at

length on the detailsof implementationof their recommendations.These

. topics remain as issues to be discussedlater.

4.1 WIND FIELD MODELING

Discussionof wind field medelingwas omitted from the meeting agenda

becausethe topic is being addressedin a separateHEDR task elementand the

work in the elementwas not at a suitablestage for review. Nevertheless,

some time was spent discussingwind field models. The importanceof the wind

field model was stressed in the discussion.

4.2 I_OPINI_pARTITIONING

Iodineexists in the atmospherein many forms. Burger (Iggl)states that

the iodinemay be released in severalforms as reactorfuel is dissolved,and

that three of these forms ,ast long enough to be consideredatmosphericemis-

; sions. The three forms are elementaliodine (or ICl), organic iodides,and

z iodine attachedto particulates.

The partitioningof the iodine is significantbecausethe literature

(e.g.,Sehmel 1980) indicatesthat these forms have differentdeposition

characteristics. For example,reporteddepositionve]ocitiesfor elemental

iodineare of the order of I cm/sec,depositionvelocitiesfor typical
u

. atmosphericparticulatesare generally_0.I cm/sec, _nd depositionvelocities

for methyl iodideare generally<I0"2cm/sec. The amount of iodineentering

the milk pathwayvia depositiondependson the depositionvelocityfor and the
l

amount of iodine in each form.

Burger (1991)discussesreactionsof iodine in the atmosphere, lt is.

clear from this discussionthat the reactionsare complex and that it 'is

4.1
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unlikely that they can be modeled in a rigorous fashion in the HEDRatmos-

pheric model. However, lt is also clear from the importance of the milk

pathway in estimating doses from iodine that the atmospheric model should in

someway account for the partitioning of iodine between forms.

Alternative methods for treating the iodine partitioning problem will be

identified and evaluated. Following peer review of the evaluation, the

results will be presented to the Technical Steering Panel for consideration.

4.3 MOD_L IMPLEMENTATION

Details _f implementationof the recommendationsmade at the meeting

depend on many factors,some obviousand others that can only be discovered

during implementation. Therefore,participantsin the meetingdid not specify

detailsof implementationof the group'srecommendations. However, they were

willing to reconvenethe meeting to review the overall organizationof the

revised atmosphericdispersioncode and the detailsof implementationof the

recommendationswhenthe code is completed.



5.0 POST C PT

This section presents information on severa'i topics that have come to

light following the working group meeting,

5.1 UPPER-_EVELWINDS

Rawinsondeobservationsin the northwestUnitedStates were limited to
!

• Medford,Oregon, prior to 1947. Thus, the data do not exist for this period

to permit estimationof upper-levelwinds directly from observations.

• However, constantheight and constantpressurecharts are availablefor 1944

through1947, except for a 2-monthperiod in 1945. Upper-levelwinds may be

extractedmanually from these charts. Surfaceweather charts are also

availablefor the entire period. Geostrophicwinds can be estimatedfrom

surfacepressuresor isobarsfor the periodwhen the upper-levelcharts are

missing. Gridded surfacepressuresand 500 mb heightsare availablestarting

in 1946.

5.2 MIXING-LAYERDi_PTH[]

" Spokanerawinsondesoundingscannot be used to estimatemixing-layer

, depth during unstableatmosphericconditionsfor the early years of the HEDR

| study period becausethe data are not available. Therefore,we will use

climatologicalestimatesof mixing-layerdepth for unstableconditions.
These climatologicalestimatesmay be based on hourly mixing-layerdepth

i estimatesmade at the HanfordMeteorologyStation in recentyears.
Climatologicalestimatesof mixing-layerdepths will provide backup for

missing data during neutraland stable conditions. These estimatesmay also

be used to provide a check on computedmixing-layerdepths.

5.3 SIGMA w (a_)FOR UNSTABLECONDITIONS

Hanna, Briggs, and Hosker (1982)divide the atmosphereinto four layers

I relativeto H, the mixing-layerdepth, for the purposeof computingaw for

i unstableconditions. This divisionprovidesmore detail than is needed for
_i HEDR because the releasesare relativelyclose to the bottom of the mixing

layers that are common in unstableatmosphericconditions.
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Severalmethods of estimatingo, have been suggestedin the literaturein

additionto the method suggestedby Hanna et al. Panofskyet al. (1977)

suggesttwo possible relationships. The simplerof their relationships

appearsto fit experimentaldata better, lt is

Gw = 1.3 u, (1.0 - 3.0 z/L) _/3 (5.1)

where the symbolsare as previouslydefined. A more recent relationshipgiven

by Gryning et al. (1987) is

ow _ u, {1.5[z/(kL)]z/3exp(-2z/H)+ (1.7 - z/H)}I/2. (5.2) "

One of these relationshipsmay be selectedfor incorporationin the _nodel.
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AGENDA

AGENDAFOR

HEDRATMOSPHERICTRANSPORTMODELMEETING

p

March ZS, 1991
B:30 Convene -- Tower Inn Suite B

8:45 Introduction to HEDR

I0:00 Break

10:15 Revisionsto Agenda

10:30 Wind Profiles

11:15 Plume Rise

12:00 Lunch

I:O0 Mixing-LayerDepth

2:00 DiffusionCoefficients

2:45 Break

3:00 DiffusionCoefficientsCont.

3:45 Deposition

4:55 Revisionsto TuesdayAgenda

: 5:00 End of Session

March Z6. 199_I

- 8:00 Estimationof IntermediateVariablesand Parameters

I0:00 Incorporationof Uncertainty
dm

lZ'O0 Lunch
-: I:00 Model Validation
I

3:00 SummarizeResults

t 5:00 End of Meeting
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