NUREG/CR-3838

An Initial Review of

Several Meteorological Models

Suitable for Low-Level Waste
Disposal Facilities

8407110180 8404630
PDR NUREG

CR-3838 R PDR




NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
Government  Neither the United States Government nor any agency thereof, or any of their
employees, makes any warranty, expressed or implied, or assumes any legal liability of re-
sponsibility for any third party’'s use. or the results of such use, of any information, apparatus,
product or process disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights

—

NOTICE
Availability of Reference Materials Cited in NRC Publications
Most documents cited in NRC publications will be available from one of the following sources:

1. The NRC Public Document Room, 1717 H Street, N.W.
Washington, DC 20555

2. The NRC/GPO Sales Program, U.S Nuclear Regulatory Commission,
Washington, DC 20555

3. The National Technical Information Service, Springfield, VA 22161

Although the histing that follows represents the majority ¢t documents cived in NRC publications,
1t 15 not intended to be exhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Public Docu-
ment Room include NRC correspondence and internal NRC memoranda: NRC Office of Inspection
and Enforcement bulietins, circulars, information notices, inspection and investigation notices;
Licensee Event Reports. vendor reports and correspondence; Commission papers. and applicant and
licensee documents and correspondence

The tollowing documents in the NUREG series are availabie for purchase from the NRC/GPO Sales
Program: formal NRC staff and contractor reports, NRC sponsored conference proceedings, and
NRC booklets and brochures. Also available are Regulatory Guides, NRC regulations in the Code of
Federal Regulations, and Nuclear Regulatory Commission issuances.

Documents available from the National Technical Information Service include NUREG series
reports and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Requlatory Commission.

Documents available from public and special technical libraries include all open literature items,
such as books, journal and periodical articles, and transactions, Federal Register notices, federal and
state legisiation, and congressional reports can usually be obtained from these libraries.

Documents such as theses, dissertations, foreign reports and transiatior=, and non NRC conference
proceedings are available for purchase from the organization sponsoring the publication cited.

Single copies of NRC draft reports are available free, to the extent of supply, upon written request
to the Diwvision of Techmical Information and Document Control. U S. Nuclear Regulatory Com-
mission, Washington, DC 20655

Copies of industry codes and standards used in a substantive manner in the NRC regulatory process
are ma ntained at the NRC Library, 7920 Norfolk Avenue, Bethesda. Maryland, and are available
there for reference use by the public. Codes and standards are usually copyrighted and may be
purchased from the originating organization or, if they are American National Standards, from the
American National Standards Institute, 1430 Broadway, New York, N ¥ 10018,

R ST BRSNS —.

GPO Primtedt copy price $3 !.25 Mo




NUREG/CR-3838
RW

An Initia! Review of
Several Meteorological Models

Suitable for Low-Level Waste
Disposal Facilities

Manuscript Completed: April 1984
Date Published: June 1984

Prepared by
W. M. Culkowski

Atmospheric Turbulence and Diffusion Laboratory
National Oceanic and Atmospheric Administration
Oak Ridge, TN 37830

Prepared for

Division of Radiation Programs and Earth Sciences
Office of Nuclear Regulatory Research

U.S. Nuclear Regulatory Commission

Washington, D.C. 20556

NRC FIN B7107

Under Contract No. NRC-01-80-024




ABSTRACT

Several mathematical models of the meteorological aspects of effluent releases
have been examined for relevance to Low Level Waste disposal programs. The
principle models, by Dames and Moore, Inc., Science Applications, Inc.,
Argonne National Laboratory, and Oak Ridge National Laboratory, contain
provisions for various combinations of wind erosion, area, and point source
configurations as well as deposition and elevated releases. Methods ecmployed
by these models are compared for relevance, availability of supporting data
and potential benefit versus cost.
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METSOROLOGICAL MODELS
'EL WASTE DISPOSAL

SCOPE OF THE PROBLEM
"Disposal"” of low-icvel radioactive waste as defined by rule 10CFR
Part 61.1 of > U. S. Nuclea: Pegulatory Commission is defined as "the
isolation of radioactive wastes from the biosphere inhabited by man and
contaiuing his food chains by emplacement in a lana disposal facility.’
lThe role of subsequent pathways of migration of the buried wastes are
yddressed in Parts 61.13 and 61.41. For the eastern U.S., with generally
plentiful and sometimes excessive rainfall rates, the possibility of rain-
fall percolating to the depths of buried material and hence to domest 1¢
water supplies must be addressed in selecting a proper burial site In
many arid areas of the western U.S., however, even the heaviest rainfalls
taken up by the dry soil and subsequently evaporated or transpired
r no underground movement. Hakonson, et al. (Ref. 1) has
progression of plant and animal intrusion throughout the
yeags « stimated (Ref. 2) that, after climax vegetation is acheived,
10 to 10 * of the inventory of biologically active waste will be trans-
ported to the surface each year Gases formed aerobically or anaerobically
from buried biological wastes are often transported to the surface through
cracks in the soil, by seepage through the porous overburden, and leakage
from sump pipes Matuszek (Ref. 3) has stated that as the water pathway
becomes less of a problem, the air pathway will increase in significance

Prior to burial, operational incidents may release radioactive material
into the air by ruptured containers or fire. Low level radioactivity may
remain on the ground subject to wind and water erosion.

The air pathway of burial waste to the environment may vary widely In
ireas of heavy rainfall, trenches may fill with water and spill over to
e surface (the "bathtub effect"), distributing radioactive material
iroughout the soil depth as well as at the surface. Vegetative uptake
will deposit material primarily on the surface, although substantial
redistribution through the soil will also occur as root mold must, and

as material diffuses downward from the surface. These are "area" sources
of effluent generated by wind erosion. Cracks in the soil leading to the
surface from sources of gaseous wastes could be treated as "line" sources
if identifiable, but as a practical matter will probably be considered as
area sources about the trench site. Accidents would generally be treated
as point sources or even "puffs" should the interval of release be short
enough.

}
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SITE INSTRUMENTATION

[he most valuable contribution of a meteorol.gical model to the management
of low level waste will probably be made prior to the installation of any
meteorological instrumentation. Climatological data from the nearest
weather stations are assembled to provide the best approximation to wind
speed, direction, temperature, and rainfall With the help of soil







Recently a number of dispersion models were compared using the same data
base at Savannah River (Ref. 8). The models were evaluated on their abilities to
calculate the concentration of Krypton-85 up to a distance of 150 km

over a 2% year period. The time intervals involved ranged from twice

daily to annual. No model covered the entire period. The annual to

monthly period models were generally Gaussian whereas the twice daily

to weekly were largely of the PIC or trajectory type.

A brief summary of the average results of each model type is given
helow:

AVERAGE §IAS RMSE.

TYPE R pCi/m pCi/m®  SLOPE
Annual .85 =24 31 1.33
Monthly 51 -16 bl 0.78
Weekly 45 -33 134 1.10
Twice Daily .40 1 161 0.48

Where R = correlation coefficient
RMSE = root mean square error
Slope = slope of least squares fit to predicted/observed
concentrations

The reduction in the correlation coefficient with decreasing time inter-
vals 1s apparent from the summary. To establish some criteria for
evaluating the results given above, the average annual concentrations

vs distance were correlated. In the absence of any meteorological vari-
ables, the correlation was R = 0.89. This result, contrary to expectation,
may be explained by the fact that, at Savannah River, the wind blows almost
uniformly from all directions. In areas characterized by strongly pre-
vailing winds, wind speeds and direction would play a much greater role

in the observed and calculated concentrative patterns. Moreover, average
wind speed and average vertical mixing (0, ), two important meteorological
parameters would be necessary inputs to a“basic model even though, being
constants, they would not affect the correlation coefficient.

The average background concentration of Krypton-85 is 15 pci/mj, 4
figure exceeded by the RMSE in all models.

The best of each type of model for each time period is listed below.
The annual and monthly intervals of the best models are a substantial
improvement over their average counterparts,

Average
Bias3 RMSE 3
MODEL TYPE R pCi/m pCi/m SLOPE
AIRDOS-EPA Annual-Gaussian .98 =29 31 k.
ASTRAP Monthly-Trajectory i - 0.2 18 0.6
ATAD Weekly-Trajectory .48 2 62 0.6
DRAX2 Twice Daily-Trajectory .49 -0.5 201 0.7




The Airdos-EPA model apparently owes its high correlation to its
employment of varying mixing heights, a feature missing in most annual-
Gaussian models. The slope of 1.7 and large average bias indicate, how-
ever, that it consistently overpredicts the concentration.

The ASTRAP model is being developed by Argonne National Laboratory

and is not yet available or even fully documented. It is basically a
trajectory model, requiring more inputs than the standard Gaussian type;
its direct applicability to Low Level Waste problems is limited since
its emphasis is on regional problems.

While the overall results seem disappointing, their import is clear;

the accuracy of meteorological modeling increases with the time scale of
the model. Dispersion models are excellent in defining the limits of a
problem, particularly as time scales grow long. Unfortunately, meteorolo-
gical data obtained on-site combined with the best models available do
rather poorly in validation tests as time scales decrease.

4. THE DAMES AND MOORE STUDY

Dames and Moore, Inc. has published Data Base for Radioactive Waste
Management , NUREG/CR-1759, Vol. 3, (Ref. 9) primarily as "a tool to enable
determination of specific values of parameters that can be controlled and/or
specified through technological or administrative action so as to assure

the disposal of LLW in accordance with goals for management and disposal

of LLW" (p. 1-3, Vol. 3). The emphasis is on exploring controllable factors
rather than to calculate the effects of meteorological variability. Quot.ng
the report again, "The methodologies are focused toward helping to establish
generic criteria for LLW management and disposal rather than calculating
impact at a particular disposal facility" (p. 1-6, Vol. 3). Accordingly,
the meteorological sections are of a general nature, based on the Gaussian
plume equation with deposition and wind erosion calculated by generally
acceptable methods.

The method employed by the Dames and Moore study is that of a series of
"transfer factors," soil-to-air-transfer, soil-to-water transfer, etc.

The meteorological factors entered are few, consisting only of annual average
wind specd, concentration/emission (x/q) multiplied by the population for
each referenced distance, and a soil particle size distribution. The (x/q)
factor is computed (external to the main model) through an accepted

algorithm for deriving sector averaged concentration.

The meteorology employed in this report is quite conservative, i.e.

the "puff" model (p. 3-91, Vo!. 3) does not permit growth with time or
distance, the accident=fire scenario (p. 3-92, 94, Vol. 3), assumes "F"
(very stable conditions), and centerline concentrations.

An exception to the conservatism 1s the use of 4.1 x IO“ mg m-zs-l as the
nominal wind erosion factor. Western soils are far more likely to erode at
an order of magnitude or more than tmplied by the above value, as determined
by Shian et al., in Nevada (Ref. 10).
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Although the Uranium Disper 1 Al simetry Code, NUREG/CR-055

was princi ly assembled t« Limate potential

exposure 1 ndividuals and to th general pop Lion
uranium processing facility," the meteorologic: section is versalile
enough to warvant its application to other area: [ts Gaussian formulation
! upplemented by a variable mixing height, the vertical
coetficients are limited to realistic numbers, an elementary plume rise
equation is provided and area sources are treated [he principle disad-
vantage of the UDAD code s its heavv reliance on the Travis - Gillette
formulation for wind erosion, which, as discussed above, 1s heavily dependent
on parameters which are not likely to be known For example, the "Threshold
=~ , a4 parameter dependent upon the wind speed required for i1nitiation
particle movement along the ground, 1s a ftunctior f grain density and grain
ze if the surface is uniform in grain content and flat geometrically. |

exceptions, the backfill over low level waste areas will




potpouri of soil types. As a practical matter, U,, may only be obtained
by observation: in the absence of an observational program, some simple
default technique, (such as U, = 30 cm/s) would simplify the input and
approximate the U.S.D.A.'s moésl employed by the Science Application model.

Area sources are approximated by assuming virtual point sources and
adjusting che inventory of emissions to the wind experience from each direction.

Unlike the previous two models, however, the UDAD model does not couple to
sub=soil or water erosion pathways. The model is, however, suitable as a
subprogram to more comprehensive programs such as the Dames and Moore, or as
an alternative to the Science Applications atmospheric program. It is, in
fact, incorporated in a simplified form in the Dames and Moore study and is
the basic algorithm for the meteorological subprogram of MILDOS (see below).
The model documentation i~ complete and easy to follow. Defaults are in-
cluded for many parameters likely to be unknown.

7. THE MILDOS MODEL

MILDOS--A Computer Program for Calculatin Environmental Radiation Doses
from Uranium RécoﬁégyﬁQﬁ§?§fiodj_7§€ff<f§§‘"estimates impacts from radio-
active emissions from uranium milling facilities. Only airborne releases
of radioactive materials are considered: releases to surface water and
groundwater are not addressed in MILDOS." The meteorological model is
identical to UDAD (see above), and carries virtually identical subroutines
in the computer model. Nomenclature of the meteorological subroutines are
identical in both models, (POLUT, TAILPS, and INDEX), and there are only

slight differences in the subroutine coding.

8. OTHER METEOROLOGICAL MODELS

The four models discussed above are coupled to master programs to compute
radioactive dosages to human populations and to assess specific insults to
individual organs and skin via specific radionuclides. The models discussed
below are "stand alone" models which would be employed as subprograms to the
models above if their meteorological aspects were considered deficient.

9. THE AIR TRANSPORT MODEL

The Air Transport Model (ATM) (Ref. 24) as it is commonly known is
available as A Comprehensive Atmospheric Transport and Diffusion Model,
ORNL/NSF/EATC-17. This model was originally designed *o be a subprogram
to a large air and soil interactive program puolished as the Universal
Transport Model (UTM) (Ref. 6), a model developed to simulate contaminant
transport through the hydrologic cycle, but is widely applied in air
pollution modeling. It employes multiple point source, area, and line
modeling. Originally up to ten point sources could be modeled, but
current versions available at Oak Ridge National Laboratory exceed over
fifty inputs. Washout, rainout, dry deposition, and wind erosion are
included. Its use is aided by an excellent manual.




NAND! ' 1
source m ! 18 mu iCCurate Lhan UDAD since 1L employ:

transtormations that distinquish whether the receptor is distant,

icent to or located withir the source area ATM's wind erosion
equation 1s modeled after the basic equations of Bagnold (Ref 16), but

n common with the USDA's "WER( (Ref , does not calculate airborne
[or

)

material, per s¢ Other aspect { Lhe fallout,
washout, plume deple n, change surface « 1ons and a maximum

con on estimate from multiple sources Considering its more elabo-
rate area source subroutine, for onsite modeling of gaseous seepage, this
eems to be the vest model c»rrently available with the possible exception

t the knvironmental Protection Agency's "PAL" algorithm described below.
[HE SINGLE SOURCE (CRSTER) MODEI

[his extensivoly used model is heavily weighted toward the problem of
tack emmicsion modeling [t would require extensive revision for appli-

it ion toward low level waste disposal problems [his is one of the UNAMAP
(User's Network for Applied Modeling of Air Pollution) available from the
U.S. Environmental Protection Agency. CRSTER (Ref. 25) is included here
because its very wide use in air pollution modeling requires at least a

mment for those who have only a tangential knowledge of air pollution

I'he simiiarity between the long rows of waste trenches, and highways as
parallel sources suggests the employment of an air pollution model for
dways such as HIWAY-2 (Ref. 26). In many respects, HIW\Y-2 provides

llent modeling of 1 low level waste facility. Although area sources
per se are not modeled, the manual suggests using a multiple lane (e.g. ten)
system to provide a similar source configuration. Although a few simplifying
assumptions are made (e.g. three stability conditions instead of five), they
should not prove detrimental to the overall results. The model, which is a
basic Gaussian approach, can be employed either in the interactive or batch
modes, and would, with only slight alterations, provide an excellent model

tor estimating maximum concentration from area and trench source "incidents."
[t would require more effort to emp.oy HIWAY-2 in currently existing models,
such as the Science Associates study, than to employ general approaches such
15 the Air Transport Model, principally due to assumed initial conditions,
uch as the immediate mixing of a pollutant due to traffic, and the removal
of other traftic-specific parameters. In common with each of the models
cited above, the vertical spreading of the plume is assumed to be Gaussian.
Depletion due to fallout, washout and deposition is not treated.

rod

exce

PAI

A model specifically tailored to landfill applications would best
approximate the conditions encountered in LLW problems. However, a
discussion with the Environmental Protection Agency* indicated that no
formal model is now employed specifically for landfills but they use the

*Irwin, J. 8., Private communication, Environmental Sciences Research
Laboratory, EPA, Research Triangle Park, NC, July 30, 1982.




AUSSTAN APPROACH

les abov | smp lo s basic Gaussian approach using some

form « stimate ‘ n coefficient known collectively as the "Pasquill -
siftor (P &) curves In the Air Transport Model, these and other sets of

urves i entered as "data sets" to be interrogated by the computer tor appro-

ynd weather condition By employing data sets, a theoretica

dispersion described by D. Wilson (Ref. 28) as a "Trajectory
(a misnomer 1n thi 0 xt ) mav be generated with considerable¢
in the large computers in use L« \ he principle advantage
f this approach is the tabulation given for plane and line urces 1in
m's pape lhus area or line sources may be modeled directly without
ing to virtual point, multiple point or line source algorithms [he
icross the area source could be as small as ten meters to as large a:
meters (neutral conditions) The vertical dispersion coefficients,
derived theo 1lly, agree very well 1 the presenily used P-G curves
[he mode ed above which employ a Gaussian formulation of line and area
L OUTCe would profit by replacing their present ylgorithm with some version
f the "Trajectory-Simulation” model lhis would represent a "state of the

improvement
SOME RESFRVATIONS

There are some common features of the models discussed here that generate
some doubt as to their applicability in a situation of major interest, namely
trace gas leakage at ground level and dispersion over distances less than

100 meters [he first feature »f concern is the commen use of dispersion
routines and stability classification schemes indicative of transpori at

levels above the surface boundary layer, (SBL), rather than in it. The sur-
face boundary layer is the lowest layer of the atmosphere, which responds to
local variations of surface texture and thermal characteristics. It is the
lower part of the more familiar mixed layer, and constitutes a layer typically
less than 100 m thick in which fluxes are usually takeu to be cons*tant with
height

In usual

lispersion model applications, stack heights (or plume rise) are
such that emissions are injected (or quickly rise) above the surface

boundary layer Dispersion models that ignore its presence are therefore
usnally adequate However the present interest in slow, surface emissions
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ind erosion equations employed are
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urces Inventory, the U.S. Department of Agriculture (USDA)
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rate, our present equations » inapplicable. Second, soil
per se must be included as a discipline to determine the movement
breakage of soil particles, particularly when foreign material 1
introduced by deposition, spillage, et [he problems are difficult,
particularly since the time scales occur over months and vears. No compre-
’

hensive modi i1s likely to be forthcoming soon, however, since Gillette
estimates tl current U.S. eftorts on wind erosion are being stuied by
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Several mathematical models of the meteorological aspects of effluent releases
have been examined for relevance to Low Level Waste disposal programs. The
principle models, by Dames and Moore, Inc., Science Applicatians, Inc., Argonne
National Laboratory, and Oak Ridge wational Laboratory, contain provisions for
various combinations of wind erosion, area, and point source confiqurations as
well as deposition and elevated releases. Methods employed by these models are
compared for relevance, availability of supporting data and potential benefit

versus cost.

—_—————

| ONCUASSTFTED ™ ™ A

>E

LASS 1This page







