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Rockville, Maryland 20852-2738

REVIEW OF RADIOIODINES

In your August letter (enclosed), you requested that the Federal Radiological Monitoring and
Assessment Center (FRMAC) Monitoring Working Group address the issue of potential
underestimation of radiciodines released by a nuclear power plant accident, and impacts this
might have on public health protection and worker turn-back guidance. Please find enclosed a j
letter from the Radiation and Indoor Environments National Laboratory of the U.S. ;

Environmental Protection Agency (EPA), summarizing the review of this topic by FRMAC |
scientific staff. This review includes input from Dr. Harvey Clark, of Bechtel Nevada, FRMAC ;

Assessment Working Group Chairman, and Mike Smith and Jim Benetti of EPA, of the
Monitoring Working Group. Input was also received from Dr. Robert Bores of Nuclear
Regulatory Commission Region I. The reviewers concur that there is some potential for
underestimating total radiciodine utilizing current sampling methods, and the FRMAC
monitoring and assessment manuals will be revised to compensate for this potential for
underestimation. This will also be an agenda topic for the next Monitoring and/orjoint !
Monitoring / Assessment Working Groups Meeting, and the outcome ofsubsequent discussions |

will be forwarded to you.

Should you have any questions regarding this topic, please contact me at (702) 295-1299, or by
FAX at (702) 295-2383.

b
Donald R. Elle, Director

EMD:BWH-99092 Emergency Management Division
EMT 4-5 |

Enclosure:
As stated
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L , .U.S. Department of Energy -|
<
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! - Dear Dr. Hurley, '

;

1
' This letter addresses your recent request of Jerry Martin, FRMAC Monitoring and Analysis '

-Working Group chair to respond to issues raised by Mr. David Minnaar, Chief of the

. Radiological Protection Section of the State of Michigan, and amplified by Frank J. Congel of.

L the U.S. Nuclear _ Regulatory Commission.

The paper which Mr. Minnaar has attached suggests that the fraction of radiciodine which may
change form during transport in the event of an accident involving a radiciodine release may be !

significant. The primary issue raised by Mr. Minnaar, is that there is a potential for i

. underestimation of radioiodine concentration in air, ifit is assumed that the majority of
i: radioiodine is released and transported in the elemental state. The underestimation results from

analyzing only the silver zeolite cartridge, presuming that all iodine activity is found there.

To address the monitoring aspects of this issue, I have requested a change to the FRMAC

; Monitoring and Assessment Manual, which clarifies that the laboratory analysis of air samples
for radioiodine and other isotopes should be conducted on both the silver zeolite (or charcoal) |

' cartridge and its associated particulate prefilter and that laboratory results should be displayed so i
as to enable'a clear identification of the total iodine present in the complete air sample. This !
change merely clarifies the FRMAC procedure which is currently followed. This approach is in i

widespread use within the nuclear power industry in in-plant and environmental monitoring for
iodine (both routine and unplanned releases). Please note that this is not currently a field
measurement technique, as it requires laboratory gamma spectroscopy to be conducted. To

|
. improve the timeliness of such measurements, I am recommending that field teams monitor the

j activity of both the filter and cartridge and report above background values of either, as part of
b, ; their sampling procedure. ' Assessment may then prioritize the collection and analysis of the

; samples if desirable (sample courier, priority analysis, etc.).
1
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In addition, I am reviewing the literature and obtaining information on radiciodine species
sampling media and cartridge holders for use with our existing air sampling equipment.
Although it is not in common use, there appears to be a method to discriminate between
elemental and organic iodine, which employs a cascade of several cartridges using carbon
impregnated with various compounds, and having differing retention efficiencies for iodine
compounds. From initial discussions with individuals having experience in this area, I believe
that we should be able to add this capability to our current field monitoring methodology at
nominal cost, ifit is desirable. However, the Assessment Group needs to deliberate on this, since
this additional data may not be usable in predictive models, and since current predictive methods

;
'

may be adequately conservative to obviate the need of species discrimination. Harvey Clark -

informs me that sufficient conservatism could be incorporated into ARAC predictions if
speciation were suspected by simply turning off the feature which depletes the plume due to
depo.sition, thereby bounding the iodine population dose.

To summarize: the current air sampling methodology used by FRMAC, the States, and the
utilities, are capable of collecting better than 95% of airborne radiciodines on either the
particulate filter or iodine cartridge. If both the filter and cartridge are analyzed and considered
in the assessment of individual or population dose, radioiodine will not be underestimated,

regardless ofits chemical form. Gamma spectral analysis is necessary to accurately quantify
i

radiciodine present on the sampling media in the presence ofinterferences, so the emphasis I

needs to be placed on timeliness of getting media with significant activity to the laboratory.

I will plan to add this subject to our next Monitoring Working Group and/orjoint |
Monitoring / Assessment Group meeting, and will report to you or to your successor. Please
contact me ifI can further assist yau.

l

Sinc- 1

J s C. Benetti, Health Physicist
U. S. Environmental Protection Agency

|
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Dr. Donald Elle, Director
Federal Radiological Monitoring
and Assessment Center

U.S. Department of Energy
P.O. Box 98518
Las Vegas, Nevada 89193

Dear Dr. Elle:

This is to request your assistance in addressin0 the measurement of radiciodines in the
.

environment following an accidental release of radioactive material from a nuclear power plant.
Radiciodines released from a reactor accident may undergo a chemical transformation while
airbome and after deposition. The chemical transformation of radiciodines may affect the
accuracy of field measurements,

in his letter to the U.S. Nuclear Regulatory Commission dated July 7,1998, Mr. David W.
Minnaar, Chief of Radiological Protection Section in the State of Michigan, has expressed his
concern regarding the potential underestimation of radiciodines using the current method of
counting the activity contained in a silver-zeolite cartridge (copy enclosed). The States and
licensees routinely use this method in emergency planning drills and exercises to demonstrate
that they meet the FEMA Rac3ological Emergency Preparedness Exercise Manual (REP-14),
Objective 8, Criterion 4, which states that " field teams should demonstrate as a minimum the
capacility to sample and measure airborne radiciodine as low as 10E-7 uCi/ce."

Ultimately the objectives are to determine if the emergency worker turn-back guidance (FRMAC
Assessment Manual, Method M.2.2) should be revised or if additional protective actions are
needed for the public (Method M.3.0). Therefore, the environmental monitoring methods must
allow the lodine airborne concentration to be measured promptly, in the presence of noble
gases and other fission products, and be related to the gamma dose rate. We believe that
consistency between the Federal and State responders in environmental monitoring procedures
is important. I am, therefore, requesting that the Federal Radiological Monitoring and
Assessment Center (FRMAC) Monitoring working group address this issue and provide your
response to us by October 30,1998. We intend to provide our response to Mr. Minnaar using
your assessment of the issue. We also intend to provide the results of your assessment to the
Federal Radiological Preparedness Coordinating Committee (FRPCC) for distribution to other
States.

If you have any questions, please contact Mr. Aby Mohseni of my staff at (301) 415-6409.

ACTION gb ON y,
INFO
MGR V
^"Es -- , -

Fran J. Con , Director
AMNs V |ncident Response DivisionAMS

Office for Analysis and Evaluation
of Operational Data

Enclosure: As stated

cc w/enet: See next page

M%_E2_@l-r 1/P .
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cc w/ encl: -

. David W. Minnaar, Chief
Radiological Protection Section -

. Drinking Water and Radiological
, - Protection Division

-

' Department of Environmental Quality
3423 N. Martin L King Jr. Blvd.
P.O. Box 30630 1

-

Lansing, MI 48909
,

Russell Salter
- Federal Emergency Management Agency
500 C Street, S.W.

-

Washington, D.C. 20472
|
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July 7,1998.

Mr. Timothy Martm, Director *

05cc of Analysis and Evaluation,

ofOperationalData
. 'U.S. Nuclear Regulatory Commission
11545 Rockville Pike

.

Rockville, Maryland 20852-2738 '

Dear Mr. Martin:

The purpose of M louer is to request technical assistance from your office for an improved *mderstanding of the
behavior of airbome radiolodines potentially released from U.S. commercial nuclest power reactors during a severe
reactor accident, including the associated dose consequences to impacted members of the public. After a
preliminary discussion of this issue with Mr. Roland Lickus, State Liaison Omcer, U.S. Nuclear Regulatory
Commission (NRC), Region III, Mr. Lickus recommended we direct our concerns to your office. .

Existing guidance for off-site field measurement of airborne radioiodines (FEMA REP-2, REV.2/ June 1990)
suggests the use of an air sampler equipped with a particulate profilter and an ef!!cient radiciodine absorber, such as
e silver-zeolite carttidge. The guidance presumes that airborne radiofodine concentrations can be characterized by
presuming essentially total representation as inorganic lodine vapors, which would then be collected.by and

, measured from the silver-zeolite cartridge.

We are aware, however, that evidence exists that radiciodines (once re! cased into an airborne plume) may undergo
chemical form changes during atmospheric transport such that radiciodines will likely be found in the form of
partienh and as iodine vapor (both organic and inorganic forms) after some noa:Inal transport time, regardless of -
the chemical form at the point ofrelease (see enclosure). Obviously, this woukt lead to a potential for only partial
detection of total inhalable radioiodines when field measurements for radiciodines are con 5ned to a silver-zeolite i
cattridge reading only. Radiciodine does' assessments based on field measurements could then be significantly
ImdeP8'im=*4

In order to be prudently conservative in promptly esamating off site radioiodine dose consequences from field
measurements during a nuclear reactor accident, we believe that the potential for chemical form partitioning needs to
be resolved so that public thyroid doses are not significantly undere=H as may occur when following the
existing FEMA guidance. If NRC can provide an assessment of this issue and recommend a technically sound field
airborne radiciodine sampling and analysis procedure., it would greatly benefit our emergencyresponse program for
tff-site nuclear plant accident dose assessment. .

Your prompt attention to this request will be greatly appreciated.

Sincerely,

,

. -
. ~

vid musar,C$ef.

, Radiological Procection Section
DWM:RT
Enclosure
ee: Mr. Roland Lickus, NRC, Region III *

I Mr. Daniel Sibo, MDSP/EMD
! cc/ene: Mr. Dennis Hahn, MDEQ/RPS
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ATMOSPHERIC DISPERSION AND DEPOSITION OF 1
2d

RELEASED FROM THE HANFORD SITE

J. V. Ramsdell, Jr., C. A. Simonen, K. W. Burk, and S. A. Stage *

Abstracr-Approximately 2.6 x 10' TBq (700,000 CI) of *I magnitude that there was a large area in the vicinity of
were released to the air from reactor fuel processing plants pn Hanford where doses could be of concern. As a result, the
the IEnford Site in southcentral Washington State rn>rn study area shown in Fig. I was selected for atmospheric
December 1944 through December 1949. The Hanford Envi- dispersion and deposition modeling. This rectangular
ronm ntal Dose Reconstruction Pro,fect developed a suite of area is centered at 16'40'N, llS*45'W and extends
codes to estimate the doses that might have resulted from these -500 km from north to south and 400 km from east to
releases. The Regional Atmospheric Transport Code for Han- west. Geographically. the study area extends from central
f; rd Emission Tracking (RATCHET) computer code is part of Oregon to northern Washington and from the crest of the
this suite. The RATCHET code implements a Lagranglan. Cascade Mountams to the eastern edge of northern Idaho,
trajectory, Gaussian-pufr dispersion model that uses hourly The study area is bounded by the major topographic. meteorological and release rate data to estimate daily time- features of the region and is situated with more of theintegrated air concentrations and surface cont.nrnination for
use in dose estimates. In this model, lodine is treated as a area on the downwind side of the releases, given the
mixtura of three species (inor1;anic gases, organic gases, and prevailing wind direction,

particles). Model deposition parameters are functions of the Rattlesnake Mountain is the most notable topo-
' mixture end meteorological conditions. A resistance model la graphic feature in the immediate vicinity of the Hanford

used to calculate dry deposition velocities. Equilibrium be- pg, g
E

.tween concentrations in the precipitation and the air near the boundary of the Hanford Site and has an elevation that
ground b assumed in culculating wet deposition of gases, and exceeds 1,050 m. The southwestern slope of Rattlesnake
irreversibic washout of the particles is assumed. RATCHET Mountain is gent'e, but the northeast face of Rattlesnake
explicitly treats the uncertainties in model p' ammeters and Mountain'is ext emaly steep. The elevation of the Han- |

l

meteorological conditions. Uncertainties in I release rates |2

and partitioning among the nominal species are treated by ford Site in the vicinity of the reactor fuel processing
verying model input. The results or 100 model runs for plants is about 225 m. There is a broad valley between
December 1944 through December 1949 indicate that monthly Rattlesnake Mountain and the processing plants. To the i
average air concentrations and deposition have uncertaintics north and east of the processine plants, the terrain slopes

'

,

. dbQMkh N*, ranging from a factor of two near the center of the time. d MW heE
I integrated plume to more than an order of magnitude near the wmds may cause plumes to drift either to the west toward

.

o

| edge. These resuits indicate that ~10% of the *I released to
Rattlesnake Mountain or to the east toward the Columbia !; the ctmosphere decayed during transit in the study area, River. '

i ~54 % was deposited within the study aren and the remaining The study area is sufficiently large that systematic |; 34% was tr .nsported out of the study area while stillin the air.
variations in meteorological and climatological condi- {Health Phys. 71(4):h577; 1996
tions are found across the area. Wind roses are a iKey words: *I; dcse assessment; radioactivity, airborne; graphical means of showing the climatological distribu- '

emissions, ctmospherie '
tion of wind directions at a location. The wind roses in
Fig. 2 show the effects of Rattlesnake Mountain, the
channeling of flow by the mountain valleys along the

INTRODUCTION western edge of the study area, and the prevailing
,

Eriu.Y sTtes in the Hanford Environmental Dose Re- southwest winds over most of the Mid-Columbia Basin
,

>

construction (HEDR) Project (Ramsdell and Burk 1991a. (see Pasco. Lacrosse, and Harrington in Fig. 21 and the

%) showed that '"I releases from the B and T fuel Spokane ares (see Fairchild in Fig. 2). Annual precipi-
~tation varies from a low of ~ }6 cm y" near Hanford toprocessing plants at the Hanford Site were of sufficient

- more than 250 cm y-8 in the Cascade Mountains on the
t-

western edge of the study area. The annual precipitation| * 3aneue, PaciSc Noahwest I.aboratories. P.O. Box 999. R!ch-
along the eastern edge of the study area is generally moreland. WA 993R,
than 50 cm y~'.

eiv,d6$eNY[f aSepI,kN,1996
~ "d " d 'cFl ' 'F The size of the study area, the variations in meteo.-

ooi7 9c7sms3.com rological conditions, the length of time bemg modeled,copyd:h e 1994 Huhh Phynes Society
and the desire to model uncenainty led to the selection of

568

1
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Fig. 2. Wind roses for the HEDR study area. December 1944

.- """ ~

^ " " * /
through December 1949. By convendon, bars of a wind rose point

#
#_ \

\ in de direedoes frorn which te wind blows. and the lengths of the
bars are proportional to the direction frequency,s_

)u. ~

.

are far enough from the release point that the spatial
-- gradients of air concentration and surface are generally

CREGON small.
', ' ,,,, L.,,'

i Transport, diff':sion, and deposition calculations are
+,%. made using wind, atmosphe.ic stability, precipitation,s===

Fig. L Hanford Environmental Dose Reconstrueden Projec: study and mixing layer depth fic!ds that describe the spatial, ,

and temporni variations of meteorological conditions"
across the study area. These fields am prepared by
RATCHET using hourly meteorological data from ob-
servation sites in and adjacent to the study area. The

a Lagrangian-trajectory, Gaussian puff dispersion model temperature at the Hanford Meteorological Station is
as the .a.ppropdate approach for the HEDR Project used in the model, but only as a function of time. The
(Ramsdell 1991,1992). Consequently, de Regional At- spatial variadon of temperature is not modeled because
mosphede Transport Code for Hanford Emission Track- temperature is primarily used to calculate plume rise,
ing (RATCHET) (Ramsdell et al.1994) cornputer code which takes place in the immediate vicinity of the
was developed to estimate atmospheric dispersion and Hanford Meteorological Station. Stage et al. (1993)
deposition of 23'I. This paper describes RATCHET and describe de meteomlogical data set used by RATCHET.
some of de results from the modeling activides. Although RATCHET is a general-purpose atmo-

spherle dispersion code, on the basis of resuits of an
TECHNICAL APPROACH analysis by Napier (1992), RATCHET was developed

specifically to estimate the transport, diffusion, and
Features of the RATCHET computer code are deposition of iodine. Iodine is a special material dat

shown in Table 1. Sequences of Gaussian puffs represent exists in three forms in the atmosphe=: it is found in
plumes released from ground-level and elevated sources, organic gases (e.g., CH I), in inorganic gases (e. Is),
As the puffs move. 24-h time-integrated air concentra- and arrehrd to aerosol particles. In RATCHET, g'I is

3

tions and surface contamination are calculated at nodes treated as a mixntre of these three species with deposition
by summmg the contributions from puffs as they move charact ristics that are a weighted average of 6e char.-

past the nodes. Subsequent HEDR computational codes acteristics for each of 6e species. The weights assigned
(Ikenberry et al.1992) use the time-integrated air con- to each component are equal to the fraction of the total
centration and surface conrambrinn at each node to lodine in de component.
calculate monthly, annual, and cumulative doses in the

tions at Hanford should have released *p'Iin the elemen-Burger (1991) states that the fuel rocessing opera-area surrounding the node. This use of point values as
::verages for small areas is masonable because the Inte- tal form. However, it is unlikely that the iodine remained
gration times are relatively long and the points ofinterest in the elemental state for long. Experimental data on

.
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$70 Health Physics Octobst 1996. Volume 71. Number 4 l

Table 1. Features of the RATCHET computer code. |

Features RATCHET |
'

2Study area ~200.000 km covering eastern Wulungton, northeatern*

Oregon, and nonbem Idaho
)Node spacing 9.65 km (6 mD.

Sourca term 100 sequences of houriy release rues for the period from
Dece:nber 1944 through December 1949

Meteorological Hourly data for 25 locations in and adjacent to the study
data area; data were taot avanable for alt stations for all times

2wind fields 1/r interpolmion of measured winds
~ Topographic Major e#cets of topography are impbcit in measured weather

effects data; regional variation of surface roughness is treated
esplicidy ~

Wind prof!!c Diabade wind profiles based on similarity theory j
,

Stabilley SpadaDy varying based on wind, cloudinen and time or 1

day-cot discrete clanes |

Precipitation 7 precipitadon types, spuially varying precipitation f!cids,3
precipitation regimes with different precipitation rate '

distribudens for each regime
)Mixitig layer Spatially varying based on meteorological ennditions at the
i

depth meteorological a.ufons
Plume riso ' Brfggs' equations
Diffusion Based on travel time and turbulence levels; computed.in the
coefficients code bued on meteorological dua and surface roughnen
Dry deposidon Calculated using resistance model so incorporste effects of

wind speed. surface roughness. atmospheric stability, and
, lodine ' species on dry depostrion

Wer deposition Reversible scavenging of guses and irreversible washout of
particles determined as a function of iodine species and

1
precipitation rate

Iodine , Panitioned between highly reacdve gues (f.). alighdy.

representation reactive gsses (CH D, and pardcles3 |Uncenainty Uncensinty in meteorological data tremed in RATCHET !

calculadons; uncertainty in source term and iodine
|partitioning treated as pan of code input ;

Model drne step 15.s minimum,15-min maximum '

Output frequency Daily

iodine releases reported by Ludwick (1964) indicate that network. Resistances are associated with 1) atmospheric
about two-thirds of the iodine changed form in the time conditions: 2) physical and chemical characteristics of
required to travel 3.2 km (2 mi), about one third was in the material; and 3) physical, chemical, and biological

. organic species,.and the remaining third was associated properties of the surface,
~

with particulate material. This partitioning of iodine is Following the resistance analogy, dry deposition
consistent with other results; e.g., in plumes from stacks velocities in RATCHET are equal to the reciprocal of the
r.t the Hanford Site (Ludwick 1967; Perkins 1963,1964), sum of the three component resistances: an aerodynarnic
in the plume following the Chernobyl reactor accident resistance, a surface resistance, and a transfer resistance.
(Aoyama et al.1986; BIOMOVS 1990; Bondietti and The aerodynamic resistance is a function of windspeed,
Brantl5y 1986; Cambray et al.1987; Mueck 1988), and atmospheric stability, and surface roughness. The surface
in natural atmospheric iodine (Voilleque 1979) Conse- resistance is a function of wind speed and surface
quently, the partitioning of iodine in RATCHET is roughness. Transfer resistances are usually associatedindependent of travel time, with the characteristics of the depositing material and

Deposition rates are proportional to the concentra. surface type [e.g., Wesley and H]cks (1977) associated
tion in the air near the surface. The proportionality transfer resistance with stomatal openings in plants}.
constant is referred to as the deposition velocity. The In RATCHET, the transfer resistance is used as a
three *I forms have significantly different deposition mathematical means of placing a lower limit on the total
characteristics. For example, Voillegue and Keller resis:ance (or equivalently an upper limit on deposition
(1981) give typical deposition velocities for CH
Particles as 0.60001,0.01, and 0.001 m s-8, respsi,1. andvelocity). A limiting resistance is needed because both2

ectively. ' the aerodynamic and surface resistances decrease as
Ciwrent-generation applied atmospheric dispersion mod- wind speed increases. If the transfer resistance is not
als estimate the deposition velocity using an electrical included in the total resistance, dry deposition velocities
systems analogy. In this analogy, described by Seinfield in neutral conditions incrense from ~0.006 m s-' at a(1986), the deposition process is assumed to be con- wind speed of I m s-8 to greater than 0.06 m s-' at a

- trolled by a network of resistances, and the deposition wind speed of 10 m s''. Deposition velocities at thevelocity is the inverse of the total resistance of the
upper end of this range arc higher than normally assumed
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most reactive gases, and the entire range of deposition cient (deposition velocity), the concentration in the air.
> cities is above that measured for fine panic!cs (~1 and the time period. To this contamination, RATCHET
.) and nonreactive gases (McMahon and Denison adds the contamination resu! ting from the washout of

'9; Schmel 1980). Assuming transfer resistances of partic!cs. D.e total surface contamination at a point
s m" for reactive gases and 100 s m''' for fine during any period is the sum of the contributions from all
ticles yicids dry deposition velocities that are more puffs.
isistent with reported values. RATCHET maintains a mass balance. Material is

RATCHET treats wet deposition of gases and par- removed from puffs as it deposits on the surface by dry
es separately. Wet deposition of gases is modeled and wet deposition. The mass to be removed from each
aming equilibrium between gas concentrations in the puff is determined by multiplying the model time step by -

and precipitation. Wet deposition of particles is the deposition flux over the crea covered by the puff.
deled udng a washout coefficient, assuming irrevers- This mass is subtracted from the total mass in the puff.

'|t collection of particles as the precipitation falls Material is not selectively removed from the bottom of
'

ough the puffs. the puff.This method of removal of nuss from de plume
Scavsnging rates for gases are based on solubility, is referred to as a " source depletion" model.

iuming equilibrium condidons between the gas con- In reality, dry deposition and wet deposition of gases
itration in the air near the ground and !n the precipi- results in a mass deficit in the layer of air next to the
kn. With this assumption. the scavenging rate for surface. Source depletion models insantaneously propa-
Les is expressed as a wet deposition velocity (Slinn gate this deficit through the full vertical extent of the
$4). The solubility coefficients used to calculate the puff. This propagation is unrealistic, particularly in stable
tvenging rate are inversely related to the Henry's Law atmospherie conditions. Using the resistance analogy to
nstant for the gas being scavenged. Slinn (1984) estimate deposition velocities does not deal with this
svides guidance in their selection. A solubility coeffi- problem explicitly. However, using the resistance anal-
mt of 500 is assumed for I .This assumption results in ogy results in lower deposition velocities during stable2

t wet depontion velocities shown in Table 2 for the conditions, which reduces the magnitude of the error
fault precipitation rates in RATCHET. Scavenging of associated wid the source depletion mode!.
y by prec:pttauon is extremely limited and may be RATCHET c!so accounts for radioactive decay of
giected as a pracucal matter. Wet deposition velocities is'I during transit and following deposition on the
r CH 1 computed in RATCHET are about three orders ground. The "'I activity in the atmosphere is decreased3

magmtuds lower dan those for I . Scavenging of both hourly, and deposited activity is decreased to account for
and CH 1 by snow when de temperature is less than decay u'ntil midnight on the day of deposition.3

fC is low because the snow surface is frozen rathe RATCHET is a deterministic model. No single
m wit and is, ignored by RATCHET. model run provides infonnation on uncerminty in 6e

Tee wet deposition model for panic!cs assumes that time integrated concentrations or surface contamination
teipitation falls through the full vemeal extent of the estimated by the code. However. RATCHET was de-
ffs and collects particles by collision. The scavr.nging signed to permit evaluation of uncertainty using a Monte

. .

e for particles is expressed as a washout coefficient Carlo approach. The Monte Carlo approach, which is
le fraction of airborne material removed by precipita- desen, bed m detail in de RATCHET code documentation ;in each hour). RATCHET uses an expression in which (Ramsdell et al.1994), is consistent wid and comple-
e washout coefficient is proportional to 6e precipita- ments the approach found m other codes used in thern rate to the iree-fourth's power to estimate de wet
posiden of particles by rain (Slinn' 1984). Table 2 NEDR Project.

,

ows particle washout coefficients for the default rain-
lueteorological uncertainty is treated in two ways m

, ,

L1 rates in RATCHET. During periods of snow, the RATCHET. Uncermint:es m wind direction wind speed,

tshout coefficient is directly related to the precipitation atmospheric stability, precipitation rate, and mtxmg-
,

layer thickness are treated explicitly within the code. They,,

Given dry and wer deposition velocities, the surface explicit treatmeat of uncenainty in these variables and

ntamination that accumulates at any point during a parameters leads to the implicit treatment of uncerminty

ort period is equal to the product of a transfer coeffi. in all model calculations using these variables and
parameters. Uncertainties in oder model parameters,
such as release rater and iodine partitioning, are treated

ble 2. Typical wet deposition velocities for gues and particle in model input by changing values from realization to
shoot coeffficients. realization.

Hourly data for each meteorological station are
gwposicion ve:ocity (m 9

Panie' w= bout modified by addition of random components prior to use
Reactise Noareactive coet'f.cism (h-') of the data in preparation of the meteorological data

Jsbe rain i.4 x to" t.4 x to-' 0254 fields used in atmospheric dispersion and deposition
h 42 x lo" 4.2 x to~' 326 calculations. This modification of the hourly meteorolog-

F."* b Dd" " " * ^t
reYe y rain inaccuracies tn the recorded data. The model equations m'6.9 x 10~ 6.9 x to-' 4.7a

- _ _ _ _ _ _ _
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RATCHET (Ramsdell et al.1994) provide for consistent 50 cm y
Within each set of distributions there is a

d

representation of the effects of the modificatiens on the
distribution for use when the reported weather is lighttransport, diffusion, and deposition of 33'I. Conse-
rain, another for use with moderate rain, and a third forquently. the code produces sets of time-integrated air
use with heavy rain. Similarly, therconcentations and surface contamination that, while

consistent with all available data, are yet different. The light, moderate, and heavy snow, e are distributions for i

When the conditional distributions are not available,
t

results from a set of model runs must be analyzed to
default precipitation rates of 0.1, 3, and 5 mm h" are !cvaluate uncertaintv.
used for light, moderate, and heavy rain, respectively.For wind spee'ds and wind directions the random I

The corresponding default precipitation rates for light. |components were drawn from uniform distributions. The
moderate, and heavy snow are 0.03,1.5, and 3.3 mm h",range ot random values for wind direction for the HEDR
respectively. These rates are consistent l

calcutations was ell.25' because prior to 1965 wind
directions were reported in compass points rader than prec1ptracon rates observed at the Hanford Site.with hourly !

degrees. For wind speeds the ranee of values was two RATCHET determines the mixing-layer ticknesses i
!

reporting units for reported winils greater than zero. used to limit vertical disperston directly from the mete-
orological data, inclucmg wmd speed and stability.%hn calm winds were reported, directions were se.
Ranges of values have been reported for several of thelected randomly from the range 000* to 360*. The range
layer thickness. Each time these equations a e used,coeffictents m the equations used to calculate the mixing.

,

of wind speeds used during calm conditions depended on
the wind speed reporting units. For speeds reported in

|

coefficients are randomly selected from uniform distri-
'

miles per hour or knots, a range of 0 to 2 was used; for
butions defined by the ranges of reported values. Thus,speeds reported in meters per second, the range was 0 to RATCHET vanes the nuxmg-layer thickness to account I3'
for both the uncenainty in me:corological conditions and

Within RATCHET, atmospheric stability is repre- the uncertainty in ndxing-layer thickness model param-sented by the reciprocal of the Monin-Obukhov length "*f*'

(Monin and Obukhov 1954), which is a scaling length for S urce-term uncertainty is treated by varying the
fvertical motions in the atmospheric boundary layer.

Golder (1972) provides a method of estimating th
rehe sques m W murce , tem realizations. These

the HEDR source-term model (Heeb 1994). Each real. sequences of release rates and t mes were generuted by(reciprocal of Morun-Obukhov length, which is a contm. e'
uous vanable, from the discrete stabih,ty classes used in ization of the complete source-term time series was

-

many dispersion models and surface roughness.
based on and is consistent wii available reactor and fuelRancom sampling was used to account for uncer- processing plant records. By using a different realization

tainsy m determmanon of stabihty classes and m estimat- of the source-term time sequence in each RATCHET I

mg the reciprocal of the Monm-Obukhov length from the model run, We variability in atmospheric model output i
stabMity class and surface roughness. Uncertainty m reficcts the uncertainty in boi the source term and
stabillaj class was estimated on the basis of a comparisonatmospheric models.

of stability classes estimated by various methods using Typical variations of the monthly and hourly source
the fianford Site meteorological data. This uncertaintyterm are shown in Fig. 3. The variations among tne 100
was represented as a condmonal probability distribution. source-term time sequences account for uncertainties in
The anbihty class used to determme the reciprocal of tnethe times that batches of fuel were processed, the amount

,

Momn-Obukhov length was drawn randomly from this of 131
1 released during the processing, and changes in the

conditional probability distribution given the stability
clos determined using the method developed by Pasquill

etainty in convers(on of stabiliev class to reciprocal of the(1961), Gifford 1961), and Tumer (1964). The uncer-i am

Atonin-Obukhov length was treated assuming a uniform
~ ma ' i

distribution of these values within the range shown by C",

Golder given the stability. class and surface roughness., == q
Precipitation rates generally are not included in ! k '

-

Eurly meteorological observations, but the current Q Imi -

veather is reported. When the current . weather at a V '
'i "' mb"neteorological station indicated that there was precipi- A I

ntion, RATCHET used an empirical conditional precip-
' O "

tation rate dist;bution to select a precipitation rate for
se in wet deposition calculations. Empirical precipita-

a

on dz,smbutions for use in the HEDR Project were krrepared usiag data available for stations in and near the
mospherie model domain. Separate sets of distributions $h j | | !j] | j | __ t

-

cre prepared for regions having annual precipitation | 5
ss than -25 cm y-2,25 to 50 cm y-8, and greater than

Fig. 3. Typical monthly and hourly variations in source te:m. {
?
I

.

h
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rate of evolution of the iodine during fuel processing. ~

According to Heeb (1993), the uneartainty in timing of j
releases ranges from a few hours to a day or more. A8 a g.

result, the uncertainty in release rate at a speettic time is ,WA ]
- [

large. The release rate may range from 0 to several g~
5

terrabecquercis per hour, in contrast, the uncertainty in )ic ,.scm
tota! release over long periods, for example months or

-jcw

f.;. :7 $,$p%pg ,tp. . . + r.4 v~e:years, is much smaller, Coefficients of variation of the
.Qhmonthly release estimates are typically 0.1 or lowe.

,

(Heeb 1994h 7 ,r ,,[ ' Ng~"

, f w/sgsfiej$ L, 'MFor HEDR model runs. the iodine associated with h , , q ; .; g y M. g 3 gpartic!es was assumed to be uniformly distributed be-
/ ff .C .. Je.veen 5% and 45% and the I, was assumed to constitute 7

20% to 60% of the gaseous iodine. The remainder of the j / w ,:;~ g " -

y.
x

d %[. >p# ..
- J;>

iodine was assumed to be CHJ. The mnce of values for /

N. witeach iodine fraction. based on these itssumptions. is CM
[ g@f { iQshown in Table 3. Note that the sum of the fractions is i h.&constrained to be 100% and that the fraction for the

j '.K,3particulate component is the only uniformly distributed f, g g,- a 7.:.gi'raction. The fractions for I, and CH t are more likely to @ g@~ i ; 4 I wbe neaithe center of the r nges thari near the ends. The
distribution of iodine among the three species was b 'A ~ % _ J.i;? W < g, ,
changed from realization to realization but not within a 1; - 493/M- kc.in @l*M.9,Q "f;y.'.'!N .realintion. -Q pg, )

RESULTS (i .qe.fr /-

i\.. ,/
'

(r ..I~..~
u :u . .,

The footprints for the tim
centrations and surface deposin.e. integrated '"I air con- [#-iOFIEGONM./ ,/q, Q,,,-. p -on are ecaststent wr.6 the
wind roses shown in Fig. 2. Fig. 4 shows a footprint r,

as -te m /based on the median deposition at.euch of the nodes from i
W a maniucaon " " " "

100 model runs. The highest values near the Hanford Site
were found to the east and southeast ot'the reicuse point. Fig. 4. Median estimatex of total ai! Jepoo..tmn (k& m*,).*

t
which is consistent with the prevaiting winds at the December 1944 through December 1949,

Hanford Meteorology Station. Futher from the Site. the
highest values are found to the r.ortheast which is
consistent with the prevailing southwest winds in the Table 4. Variation in tocal "'I deposition in 100 realizations of
M!d-Columbia Basin. The pattern shown in Fig. 4 Is RATCHET.

somewhat broader than the footprint, for a rypical model
run because the spatial correlattom, m deposmon within Menn e Maimum Minimumwem asy mS ,t3q m-g g3q m-g ,Laq m 9a model reallation were lost by using median values.

Variability of the total deposition from realization to N",nn4 3M M ns t.7
realization is a function of positica within the study area. cotia 57.1 10J 87.4 33.9Zn the 100 realizadons, the ranges of values at nodes in coute cay :4.9 s.t .us.1 14.6the main part of the footprint are generally less 6an a tatsen ts.d 23 :ta 1:afactor of four., but the ranees for several nodes at the edze

SM..
C*" 26l 434 174

of the footpnne ex,ceed an order of magnitude. Table 4
-

-
Peneleton 79 5 !_ 104 $J.3

,

shows statistics for 12 locations; the ranges of values at Rime 766 m uoo us,

Ri:rvme 19a su 3c9 itsYakima, WA. and The Dalles. OR (which are on the spokan, so.: 1 i.6 ttv 35.5upwind edge of the footprint) can be compared with the The caues JJ 1.j 72 0.9walls walla 70.3 las leo .14.3Yakima 6.7 2.3 t32 2.6

Table 3. Rams of iodine species ft:ctions.

Component fraction .

componene Minimum Muimum ranges at Richland. Rit:ville and Spokane WA. and
Bonner's Ferry. ID (which are in the main portion of thePuticles $% J5% footprinthI: 1is, $7%

The way in which iodine was partitioned among theca,I ::s 76 5
three species had a significant effect on time. integrated

!

!
.

I
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air concentrations and total deposition at nodes. Of the
Table 5. spatial variation of the correlations between the 9

three species, the organic ir. dine fraction was mcst highly organic sp"ecies fraction and time-integrated air conecutrations
cortehted with variations m time-integrated air concen. (MBq s m ) and total deposition (kBq m"),
trations and total depositba. 'How ever, this correhtion is

Time-imegrated air
~

a function of position within the study area. Near the * ^i"** cacentmion Toca1 depositionHanford Site the correhtion between the organic fraction NI.oceen r: carre mion r conetarienand time integrated air concentracon is low and positive. 2

As distance increases, the correlation becomes brger. Far R w and 0.101 M5 ne
downwind from the Hanford Site variations in the or- No$ $,,50 $ @pospe$ " gative
ganic fraction account for more than 70% of the van-

Ferry
I
,

ability in time-integrated air concentntions. In contrast, Yakima 60 0.186 positive 0.000 notthe correhdon between the organic fraction and total
'

deposition is rehtively high and negative near the Han- signiacant

ford Site and decreases as distance increases.
Fig. 5 illustrates these changes in the correlation

|between organic fraction and time-integrated air concen.
The changes in correhtion are exphined physically itrations and total deposition by showing the model output

for all 100 nalizations for Richland and Bonner's Ferry. by considering the effect of deposition on air concentra- '

tion as distance increases. The effective deposition ve-The changes in correlation between organic fraction and
time-integrated air concentrations and total deposition locity for iodine is negatively correlated with organic
with distance are shown more quantitatively in Table 5. fraction. As a result, when the organic fraction is small.

iodine deposition near the source will be large and !.Richland. Spokane, Bonner's Ferry lie near the long-term
concentrations far downwind will be low. At the other iplume axis at distances of approximately 50 km,200 km,
ex:reme, when the organic fractica is hrge, there will beand 350 km, respectively.
relatively little deposition near the source and concentra- 3

'
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Atmospheric dispenion and deposioon of '3'I C J. V. Rasceu rr u~
tions far downwind will be relatively high. However

.

$7s

ingly high ' deposition at distance because the effectivethese higher concentrations do not result in correspond.December 1944 hrough 1949. Table 6. vuiability in the fate of "y in 100 reau i
,

t zat ons'
deposinon velocity is low, ,

rmi nice %w in
farier from the release point than Richland. Thus, theYakima, which is included in Table 5, is slightlyedy ma (%) nudy arcs (%) area c.)

cr30 oganq
Menn :.s7 x lo' fod

correlation between the organic fraction and time- scandue devkcion 127 x to' 9,6
33 9I

integrated air concentradons at Yakima is consistent with
6aM aim = 2 93 x t& 7tA

o go 31 iPahm 2J3 x 10 373 45,9correlations at other locations. On this basis, the corre.
i t.6

j7.5
lation between total deposition at Yakima and the or. 219

3

ganic fraction might be expected to be similar to the
-

'

correlation for R!chland; however, Table 5 shows that
study area. ~10% decayed while in transit in the atmo-there is no correlation. Although there is no proof,

,

sphere wisin the study aes. and the remaining 34% leftintermittency is suspected to be one of the reasons for the
me sea in de ade uncenamdes b 6ese fmtions nelack of correlation since RATCHET output indicates that
relatively small in comprison with the uncertainties in

,

released material reached Yakima only a few times each

the values at speem_e nodes or foe shorter time periodsThe variability in the orgatue iodme fraction is aThe footprint for median estimates of de maximum
,

.

major cot.tributor to the variations in the overall 13'I '

surface contamination at tiny time during de 5-y period
fun. balance, qp7
5 888

is shown in Fig. 6. For most of the sn:dy ren, the 7 shows the
ga of the I deposited m, rehtionship between the

maximum surface contamination is ~10% of the total the study area and the
rgante fraction. The varianons m the organic fraccondepo;ition. This result is consistent with the pattem of

dypostum. Mcies m 6e orgas fmaccent f r a!m st y of me miadas m me totalunlikely that the maximum surface contamination oc-mondly releases shown in Fig. 3. While it ts highly
during atmospher?8 * 08 **0?"hm. of ,pon account for8*"I8# f*#CCUt#Ecurred simultaneously over the entire area, it is likely that C I that decayed

the maxima for most locations in the main portion of the ic transport wit the study area and** 8"
footprint occurred during the last half of 1945. scown ?unt dat M 6e amt in contmst to the vuiation

in Fig. 7, these last two correlations were positive.Heeb (1994) estimates that ~9 6 x 10* TBq of '''I In [f,mg &c
I that decayed tn. r departed from, the study area.rgs bene mcmases te pememagewere released from Hanford during the first 5 years of

~

f

operation. The ultimate fate of this iodine was estimated
using the mass balance statistics geaerated by

.

RATCHET (see Table 6). It is estimated that ~56% of CONCLUSIONS
ia'I released at Hanforc! was deposited wi6fn theda

Eady HEDR Project studies determined that exist-
ing information was sufficient to reconstruct the'''I
releases to the atmosphere from early Hanford Site~

operations and to track the '38I trough the environment.
Therefore, the HEDR Project developed a suite of com-s

I,
puter codes to estimate the radionuclide releases, track
them through the environment. and esdmate doses. Thej.o,, =

RATCHET computer code is part of this suite.

l

|
70 %

j & -

7
@ 65% - ,. .F~ . , , ,
j so% - . ',,e's.

.

'

*
, . -

; gm %- -
.= .

c .s.. * ,
.g 50% .-

**
3

. . .

. 4..

, a. <
.

/ g. .n .
.

c .

.e e ji 3% av. av.'sb eb ri
''

M
aoswaan w

Organic lod!ne
6. IVledian c3nmates of the madmura surface coprmM,+a

pr.Bq m''*), December 1944 through December 1949. Fig. 7. Wriation in percent of "4 deposited as a function of the
Percent of organie fodtne,

i
,



_ .. __ - - - - .

.

576
Health Physics

Cerober t996, Volume 71. hnber 4
Using hourly. meteorological data and estimates of

hourly release rates, RATCHET calculated daily time. 321:319-820; 1986,

' inegrated air concentrations and deposition over a studyBIOMOVS. E,10MOVS Technical Repon Scenario A4; Ap.
Stockholm, Sweden: Swedish National Institute for Radia.Pendix 2 mput data and documentation of observations.

5
area of ~2 X 10 km'. The resulting time. integrated air
concontration and deposition patterns are consistent with V

du Protecdon; 1990.
expectations based on regional wind data and the results

'

Bay, E,Aq Brantley, J. N. Characterisdes of'Che-cobyl[of earlier studies of material transported from Hanford.
radimenvity m Tennessee. Nature 322:313-314; 1986.jMonte Carlo techniques used in RATCHET calculations,

E*INchs:$ p%cu nand. along with 100 realizations of the re! ease rate time series, iop

.resulted m charactenzation of the uncertainties m theing, off-gas trestment, and release to the atmosphere
b r dun g fue pr

' time. integrated air concentrations and surface contami-Richland, WA:

: nation in a manner that preserved both spatial and HEDR; 1991. Pacific Nonhwest Laboratory; PNL.7210
.

temporal correlations.
Cambray, R. S.; Cawse, P. A.; Garland,3. A.; Gibson, J. A. B.;

Givon large uncertainties in hourly release rates, .
.

Johnson, P.; Lewis, G. N. J.; Newton, Da Salmon. L;
[mprecise and sparse meteorological data, and limitedWade, B. O. Observations on radioactivity from the Cher-
information on lodine partitiomng in the atmospherenobyl accident. Nuclear Energy 26:77-101: 1987.

Gks, large vadations might be expected in the time-arnong species having widely varying deposition proper-Giffon! F. A. Use of routine meteorological observadens for
,*8u ating atmosphenc 6spersion. Nucl Safe:y 2:9 . 47-51; 9

Etegrated air concentrations and surface contamm, ation
, Golder,' . Relations among stability parameters in the surfaceD

yalculattd by RATCHET for specific nodes. These largelayer. Boundary-Layer Meteorol. 3:47-58; 1979
!anations do, mdeed, exist in the daily values. However,Heeb, C. M. Iodine-131 releases from the Hanford Site.1944

~

he radiation doses of interest in the HEDR Project werethrough 1947 Richland, WA: Battelle, Pacific NorthwestSnyterm, cumulative doses. Therefore, the results Laboratories; PNWD-2033 HEDR Vol.1 and 2; 1993.
hown here are based on the results ofintegration over"aHeeb, C. M. Radionuclide releases to the atmosphere from
3riod of more than 5 y. This integration smoothes out Hanford operr.tions. 1944-1972. Richland, WA: BattcIle.l

'I

N day-to-day variability. Consequently, the variabilityPacific Northwest Laboratories: PNWD-2222 HEDR; 1994
D time-integrated air concentrations and surface contam.Ikenberry, T. A.; Burnett, R. A.; Napier. B. A.; Reitz, N. A.;

A

Shipler, D. B. Integrated codes for estimating environmen-Bation across the 100 realizations is relatively small. The
Mults in Table 4 show that,'throughout the footprint oftal accumulation and individual dose hem past Hanfordi

3 titne-integrated plume, the coefficient of variation of atmosphenc releases. Richland. WA:
*

Pac!lic Nortwest
b. kP 1.s total deposition is typically of the order of 0.2. This

3 ; 992.Lud
fue is only a factor of four larger than the coefficient of

atmosphere. In Hanford Radiological Sciences Researc5$ation of the total '''I release, which is about 0.05 (see "
and Develeprnent Annual Report for 1963 pp. 3.58-3.68.$le 6).
C. Gamertsfelder and J. K. Gre:n, eds. 'Rfchland, WA:

Analysis of the atmospheric transport, diffusion, and erstion; HW.81746; 1964 General Electric Company; Hanford Atomic Products Op-4position esdmates indicates that a primary source of
fability in the time-integrated air concentration and Ladwick. J. D. A portable boom-type air sampler. In: Petrie.: ;

shee contamination estimates is associated with theD. W.: Compton, M. R., eds. Pacific Northwest Laboratory
(

Annual Report for 1966 to the USAEC Division of BiologySe:tainty in the partitioning of 23'L This is an area
and Medicine, Vol II: Physical Sciences, Part 1. Atmo-Iere further work aPPcars to be warranted,
spheric Sciences. Richland, WA: Pacific Northwest Labo.The following conclusions resulted from this work:

.

ratory: BNWL-481; 1967: 87-92.

o Sufficient data existed to reconstruct radionuclideMcMahon, T. A.; Denison, P. J. Empirical atmospheric depo-
releases and define their uncertainty. sidon parnmeters-A survey. Atmospheric Environ,13:571-585; 1979.

o The available meteorological data, while sparse,
. Moriin. A. S.; Obukhov, A. M. Basic laws of turbulent mixingw:re sufficient to estimate the transport, diffu-

k the groogd layer of the annosphere. Trans. Geophys. Inst.
.

ston, and depostoon of the 32i
..

I released to the Akad. NauI, USSR 151:163--187; 1954atmosphere.
Mueck, K. Variations in activity concentration and radlonu.o The time integrated air concentration and surface

o
4clide ratio in air after the Chernobyl accident and its

contamination estimates are reasonable and arerelevance to inhalation dose estimate. Radiat Protect. Do-consistent with available data. sim. 22:219-229; 1988.

Napier, B. A. Determination of radionuclides and pathways'

;

contributing to dose in 1945. Richland, WA:
wiedgmacr- The HEDR Project is fbuded by the Centers forPacific Northwest Laboratories; BN SA-3674 HEDR 1992.Battelle. a

pComroland Prevention under Contract 200 92 0$03 (CDCyl8620Pasquill, F. The estimation of the dispersion of windborne
'
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