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SUPPLEMENTARY DOCUMENTATION FOR AN ENVIRONMENTAL IMPACT STATEMENT
REGARDING THE PANTEX PLANT:

DISPERSION ANALYSIS FOR POSTULATED ACCIDENTS

by

J. M. Dewart, B. M. Bowen, and J. C. Elder

ABSTRACT

This report documents work performed in support of preparation of an
Environmental Impact Statement (EIS) regarding the Department of Energy
(DOE) Pantex Plant near Amarillo, Texas. The report covers the calculation
of atmospheric dispersion and deposition of plutonium following postulated
nonnuclear detonations of nuclear weapons. Downwind total integrated air
concentrations and ground deposition values for each postulated accident are
presented. The model used to perform these calculations is the DIFOUT
model, developed at Sandia National Laboratories in conjunction with
Operation Roller Coaster, a field experiment involving sampling and
measurements of nuclear material dispersed by four detonations. The DIFOUT
model is described along with the detonation cloud sizes, aerosol
parameters, and meteorological data used as input data. A verification
study of the DIFOUT model has also been performed; the results are presented
in Appendix C.

I.  INTRODUCTION

This report documents work performed in support of preparation of an
Environmental Impact Statement (EIS) regarding the Department of Energy (DOE)
Pantex Plant near Amarillo, Texas. The EIS addresses continuing nuclear
weapons operations at Pantex and the construction of additional facilities to
house those operations. The EIS was prepared in accordance with current
regulations under the National Environmental Policy Act. Regulations of the
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Council on Environmental Quality (40 CFR 1500) require agencies to prepare
concise EISs with less than 300 pages for complex projects. This report was
prepared by the Los Alamos National Laboratory to document details of work
performed and supplementary information considered during preparation of the
Draft EIS.

The Pantex Plant is a nuclear weapons assembly/disassembly facility
located 25 km to the east-northeast of Amarillo, Texas. The EIS covers the
existing Pantex Plant facilities; new facilities and/or upgrading facilities
at the Pantex Plant; moving a portion of the Pantex facilities to the Iowa
Army Ammunition Plant (IAAP) at Burlington, Iowa; and building a new plant at
the IAAP or on the Hanford Site in eastern Washington.

As part of the Pantex EIS, several accidents involving the detonation of
high explosives in the presence of plutonium have been postulated {Chamberlin
1982). Several initiating events have been assumed to cause a detonation of
high explosives: these include a tornado, an aircraft crash, and an
operational accident (such as dropping high explosives during assembly/
disassembly). A complete description of the postulated accidents is by
necessity classified and is presented in Chamberlin (1982). The accidents
have been assigned letter designations (A, B, C, etc.) (Chamberlin 1982) and
are presented in this manner for this report.

To estimate the health consequences and cleanup costs from these
accidents at each of the three sites considered in the EIS, atmospheric
dispersion and deposition modeling have been performed. This report presents
the results of the dispersion and deposition calculations, which are used by
Elder (1982B) and Wenzel (1982B, 1982E) to assess these health and monetary
impacts. A description of the DIFOUT model, used to perform the calcula-
tions, and the data used as input to the model are also presented.

A verification study was performed on the DIFOUT model to assess its
predictive capabilities for this study. The model verification is presented
in Appendix C of this report, and a summary of specific verification results
that were employed in this study is presented in Section II.E.

IT. THE DIFOUT MODEL

This section of the report focuses on aspects of the DIFOUT model most
important to this study: the background of the model, dispersion and
deposition assumptions, source characterization, and the required
meteorological data. The actual data used in the DIFOUT model calculations
are presented in Sec. III. For a complete description of all DIFOUT model
features, including the model equations, the reader is referred to Luna
(1969).



A. Background

The DIFOUT model (Luna 1969) was designed to assess the dispersion and
deposition from an accidental nonnuclear detonation of a nuclear weapon
during transport or storage. Therefore, it is ideally suited for use in the
assessment of accidents at a nuclear weapons assembly/disassembly facility.

DIFOUT was originally developed as one of the objectives of Operation
Roller Coaster (Shreve 1965), a field experiment at the Nevada Test Site in
1963. It involved the sampling and measurement of nuclear material dispersed
by four separate test detonations. The detonations were triggered so as to
simulate accidental detonation of the high explosives. The experiment
consisted of four separate detonations that simulated accidents involving
different amounts of high explosives and different storage facilities (earth-
covered structures, unbunkered buildings, open pads, or transportation
vehicles). This experiment provided data over a range of cloud heights (a
function of the amount of high explosives) and assessed the effect of
plutonium-soil attachment (bunkered tests) on the fallout of particles near
the detonation site. The amount of high explosives and the type of earth
cover for each test are presented in Table I. DIFOUT was designed to predict
the pattern of dispersion and deposition measured in these Roller Coaster
tests.

TABLE I

ROLLER COASTER TEST SHOTS

High
Explosives
Event (1b) Placement Cover
Double Tracks 118 8-ft by 8-ft steel None
plate
Clean Slate 1 1062 20-ft by 20-ft con- None
crete pad
Clean Slate 2 2242 Storage structure 2 ft
earth
Clean Slate 3 2242 Storage structure 8 ft
earth

Source: Shreve (1965), Church (1969).



The verification study performed with the DIFOUT model (Appendix C)
indicates that DIFOUT is an acceptable model for use in this study.

B. Dispersion and Deposition Assumptions

DIFOUT is a tilting plume Gaussian dispersion model. It includes aerosol
depletion through particle fallout and the effects on dispersion of wind
speed and direction variation with height. The aerosol cloud produced by the
detonation is divided into several horizontal cylindrical layers, each
containing a specified amount of the total aerosol of the cloud. The aerosol
is dispersed from a vertical line source in each layer; the downwind
integrated air concentrations (ug-s/m3) and ground deposition (ug/m2) are a
sum of the contributions from the line source in each layer.

The DIFOUT model allows two alternative methods for determining
dispersion coefficients required in the Gaussian equation: Sutton's power
law relation or the turbulence intensity formulation of Smith and Hay (S1ade
1968). The Smith and Hay method, which was chosen for this study, calculates
horizontal and vertical dispersion coefficients (o, oz) as a function of
downwind distance and turbulence intensities. Turgu1ence intensity values
(Iy, IZ) are a measure of the horizontal and vertical fluctuations of the
wind, proportional to the standard deviation of the horizontal and vertical
wind velocities divided by the horizontal wind speed.

The initial size of the cloud is also taken into account in calculating
horizontal dispersion coefficients. A virtual source distance is added to
all downwind ranges such that, at the initial location of the cloud, oy has
a finite value proportional to the cloud diameter.

Deposition values are calculated in DIFOUT as the product of the
integrated air concentration and the deposition velocity. For a given
particle size, the deposition velocity is a function of the gravitational
fall velocity, wind speed, turbulence intensity, and reflection coefficient.
The reflection coefficient varies from zero to one for a completely
depositing aerosol to a nondepositing aerosol. It is calculated as a
function of the particle fall velocity, wind speed, downwind distance, and
initial height of the particle.

C. Source Characterization

The DIFOUT model requires, as input data, a detailed description of the
initial stabilized detonation cloud (that is, no further cloud rise due to
the initial detonation). The cloud shape, including height and diameter, and
aerosol characteristics, including mass distribution with height and size
distribution, must be specified.



1. Cloud Shape. For each detonation cloud modeled with DIFOUT, the
cloud height must first be determined. This cloud height is then divided into
10 layers of equal thickness; the height of each Tayer is input data for the
model. The diameter of each Tayer must also be specified.

2. Aerosol Parameters. The DIFOUT model provides a method for
completely describing the aerosol as it exists in the detonation cloud.
DIFOUT input parameters include the distribution of aerosol mass with height
and the aerosol size distribution. For each of the 10 layers of the cloud,
the fraction of the total aerosol and the aerosol size distribution must be
specified. The model also allows the user to select the size range of aerosol
to be considered when summing the different vertical line source contri-
butions to the integrated air concentrations and the ground deposition.

The aerosol size distribution may vary from layer to layer or be
constant over as many layers as desired. The distributions may be specified
in two different manners for input to the model. The manual method requires
that the specific particle diameters and the percentage of aerosol of each
size be entered as input data for each layer. In the alternate method used in
this study, the distribution is approximated by line segments from a log
probability plot. This method requires the geometric standard deviation,
activity (mass) median aerodynamic diameter (amad), and the upper and Tower
1imits of particle diameter for each 1ine segment; the model computes the
mass in each size fraction.

D. Meteorology

The meteorological parameters required by DIFOUT for dispersion of the
detonation cloud are wind speed, wind direction, and turbulence intensity.
A1l these parameters may be varied with height so that the cloud can be
modeled realistically.

E. Model Verification

Based on the results of the model verification (Appendix C), the
following assumptions have been applied to the modeling of postulated
accidents for this study.

1. The respirable fraction of plutonium aerosol was not modeled using
DIFOUT. Air concentrations of the total aerosol were calculated, and the

respirable fraction was assumed to be 20% of these values.

2. Data from the Roller Coaster, Double Tracks, and Clean Slate 2 tests
were determined to be appropriate for the description of the initial
detonation clouds. These data include the distribution of aerosol with
height, aerosol size distribution, and cloud diameter. Data from the Clean



Slate 1 test were judged to be inappropriate for describing the initial
detonation clouds.

ITI. DATA BASE FOR DIFOUT MODEL CALCULATIONS

The actual data used as input to the model for the calculation of
dispersion and deposition of plutonium from each of the postulated accidents
(Table II) are presented in this section. These data include the parameters
that characterize the initial detonation cloud and the meteorological
conditions that were used for calculating downwind air concentrations and
ground deposition.

A. Cloud Parameters

Measurements from the Roller Coaster test shots provide the best
available data for the initial stabilized cloud description required for this
study. These data include aerosol size distribution, distribution of
plutonium with height, and cloud diameter. Some Roller Coaster data have
been used directly in this study. Other data were modified because of
differences between the postulated accidents and the Roller Coaster test
shots. Each of the accidents postulated (Chamberlin 1982) has been compared
to the Roller Coaster test detonations. Data from the test most closely
resembling the accidents considered in this study were used in the DIFOUT
model. Roller Coaster test data were applied to each accident as shown in
Table III.

For most of the accidents, the Double Tracks test (an unbunkered test)
was the appropriate choice. Clean Slate 2 data (a bunkered test) were chosen
for the other accidents. Clean Slate 1 data were not selected even though
the test involved more comparable amounts of high explosives for some of the
accidents than did Double Tracks. (The Clean Slate 1 distribution of
plutonium with height was not considered representative.) Also, the DIFOUT
model verification study (Appendix C) indicated inconsistencies between
modeling results and measurements for Clean Slate 1.

Cloud parameters specific to clouds resulting from all accidents are
discussed in the following sections.

1. Cloud Height. For each postulated accident, the height of the cloud
top was calculated as a function of the amount of high explosives involved in
the detonation (Church 1969):

H=76 (HE)0-25 | (1)

where H is the height of the cloud in meters and HE is the amount of high
explosives in pounds. When the cloud reaches this height, no further rise



TABLE II

POSTULATED ACCIDENTS: HIGH EXPLOSIVES DETONATED
AND PLUTONIUM RELEASED

High Plutonium Cloud
Explosives*** Released Height
(1b) (kg) (m)
Pantex Plant
A 500 50 359
B 1000 100 427
C 1000 100 427
D 300 25 316
E 183 12 280
F 183 12 280
G* 114 8 248
H 2000 30 508
I 420 120 344
J 1.3 0.056 67%*
K 19.6 0.625 135%*
IAAP
L 183 12 280
M+ 6 0.460 119
N* 114 8 248
0* 114 8 248
p 300 25 316
Q 2000 30 508
R 420 120 344
S 19.6 0.625 136%*
Hanford Site
T 19.6 0.625 135%*

*Dispersion and deposition values will not be calculated for these
accidents. Considering the amount of high explosives and plutonium, the
impact of these accidents will be no greater than the impact from
accidents E or F (Pantex) or L (IAAP).

**The cloud height has been calculated based upon one-half of the high
explosive involved because the cloud was released through two separate
points (Chamberlin 1982).

***These are the effective amounts of high explosives detonated, representing
the amount of energy available for the initial cloud rise (Chamberlin
1982).

*Dispersion and deposition values will not be calculated for this accident.
Considering the amount of high explosives and plutonium, the impact of
this accident will be no greater than was accident S.



TABLE III

ROLLER COASTER DATA FOR POSTULATED ACCIDENTS

Applicable Roller

Accident* Coaster Test Shot
H, I, Q, R Clean Slate 2
Jd, K, S, T Modified Double Tracks
A, B, C, D, E, F, G, L, Double Tracks
M, N, O, P

*Independent of location and initiating event (tornado, aircraft crash,
etc.).

TABLE IV

CLOUD DIAMETERS (m) FOR POSTULATED ACCIDENTS

Cloud Top Accidents A-G, J-P, S, T Accidents H, I, Q, R
Layer 10* 67 122
Layer 9 78 189
Layer 8 71 250
Layer 7 34 209
Layer 6 91 81
Layer 5 128 81
Layer 4 115 68
Layer 3 71 135
Layer 2 91 162
Layer 1 121 155
Surface

*Each layer is of equal thickness.

occurs as a result of the initial detonation. The cloud heights for each of
the postulated accidents are presented in Table II.

2. Cloud Diameter. For each accident analyzed, cloud diameters either
were taken directly from Double Tracks or Clean Slate 2 measurements (Table
IV) or were a modification of the Double Tracks measurements. Using the




Double Tracks diameters is a conservative assumption: each of the

detonation clouds is taller than is the Double Tracks cloud (220 m);
therefore, the detonation clouds would probably have larger diameters. Thus,
the estimated aerosol concentration in the initial cloud is higher than might
realistically occur. This initial overestimate of aerosol concentration also
occurs for several of the accidents modeled with Clean Slate 2 data.

The estimated clouds produced from accidents J, K, S, and T are Tower in
height than the Double Tracks cloud. Using the diameters from Double Tracks
would be a nonconservative assumption in this case as the initial aerosol
would be distributed through too great a volume. Thus, the Double Tracks
diameters were modified based on the amount of high explosives (Taylor
1981):

Modified Diameter = (Double Tracks Diameter)

3/8
Accident J, K, S, or T HE amount
Double Tracks HE amount *

The cloud diameters for these four accidents are listed in Table V.

TABLE V

CLOUD DIAMETERS (m) FOR ACCIDENTS J, K, S, and T

Layer* Accident J Accidents K, S, T
Layer 10 5 14
Layer 9 5 14
Layer 8 6 17
Layer 7 8 23
Layer 6 11 31
Layer 5 14 39
Layer 4 14 39
Layer 3 12 34
Layer 2 10 28
Layer 1 7 20
Surface

*Layer 1 is 18 m deep in both cases to account for building wake effects.
The other nine layers of each cloud are of equal thickness (Accident J--
5.5 m, accidents K, S, and T--13 m).
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Unlike the other accident cases, however, only 9 of the 10 layers
are of equal depth. The bottom layer for these four accidents has been
modified to take into account the effect of the building wake. As the cloud
moves away from the accident, the lower part of the cloud will be entrained
into the building wake. For accident J, the lowest cloud layer was estimated
to be 7 m in diameter to an elevation of 18 m. For accidents K, S, and T,
the diameter of the first layer was scaled up from 7 m (accident J) according
to Eq. (2), and the depth of this first layer was set to 18 m.

3. Plutonium Distribution with Height. For each accident, the
plutonium distribution with height was taken from Double Tracks or Clean
State 2 measurements. The Roller Coaster distributions are presented in
Table VI. Note that a somewhat greater amount of mass is located closer to
the ground for the Clean Slate 2 test. This occurrence is a result of the
interaction between the plutonium and the earth cover. The distribution for
accidents J, K, S, and T again required modification to account for building
wake effects (Taylor 1981). A much greater fraction of plutonium is close
to the ground resulting from entrainment of the cloud down to the ground in
the wake of the building. The plutonium distribution for the other accidents
was taken directly from the Roller Coaster tests.

4. Aerosol Size Distribution. For each accident, the aerosol size
distribution for the detonation cloud was taken from Double Tracks or Clean

Slate 2 distributions. Although DIFOUT allows separate distributions for each
layer of the cloud, only one distribution was used for each cloud.

TABLE VI
PLUTONIUM DISTRIBUTION WITH HEIGHT (percentages)

Accidents J, K,
Accidents A-G, L-P Accidents H, I, Q, R S, T (Modified

Layer (Double Tracks Data) (Clean Slate 2 Data) Double Tracks Data)
Layer 10 9 3 1
Layer 9 14 10 4
Layer 8 17 16 0
Layer 7 17 17 3
Layer 6 14 15 23
Layer 5 12 11 13
Layer 4 8.5 11 13
Layer 3 6.5 8 9
Layer 2 0.8 6 10
Layer 1 0.2 2 : 24
Surface



As described in Section II.C.2., the aerosol size distribution is
estimated in DIFOUT by specifying several straight Tine segments of a log
probability plot, each covering an interval of particle size. These line
segments are described by the activity median aerodynamic diameter (amad) and
the geometric standard deviation (gy) of the particles. The line segments
for each of the Roller Coaster tests are displayed in Figure C-3. The amad
and o, values for accidents modeled with Double Tracks and Clean Slate 2
data are presented in Table VII. Note that only two line segments were
required to adequately describe the Clean Slate 2 distribution, whereas three
were required for the Double Tracks distribution.

Based on the results of the DIFOUT verification study, presented in
Appendix C, all particle sizes up to 1000 um were considered for calculation
of ground deposition. Twenty per cent of the total aerosol to 1000 um was
considered to be the respirable fraction.

TABLE VII
AEROSOL SIZE DISTRIBUTION PARAMETERS

Range of

Amad og Particle Size (um)
(um) (um) From To

Accidents A-G, J-P, 9000* 90 0.1 4.0
S, T 38 3.8 4.0 60
48 1.8 60 1000
Accidents H, I, Q, R 39 7.8 0.1 42
41 2.3 42 1000

*Although the 9000-mm activity median aerodynamic diameter (amad) appears to
be an artificial value, it is the median extrapolated at a 50% probability by
the line segment best fitting the distribution between 0.1 and 4.0 um.

B. Meteorological Data

1. STAR Data. As noted in Section II.D., the meteorological data
required for using the DIFOUT model include wind speed, wind direction, and
turbulent intensity. Each of these variables may vary with height.

For each site, stability - wind rose (STAR) data have been used to
select the wind parameters and the stability class for determining the
turbulence intensities. Data from the Amarillo Airport (1955-64) have been
used for the Pantex Plant, Burlington Airport data (1967-71) for the IAAP,
and onsite data (Area 200) for the Hanford Site (1973-75). Wind roses for
each site are presented in Figs. 1 through 3.

11
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Each of the stations where STAR data are available is located within
16 km of the facilities analyzed in this study and in similar terrain. Thus,
the STAR data are considered representative of conditions at each site.
Fifteen years of data (two separate periods) are available for Amarillo and
five years for Burlington. The STAR data for each site are presented in
Appendix B.

The data from the Hanford Site are available in a somewhat different
format than are the data from Burlington and Amarillo. Instead of the six
standard Pasquill-Gifford stability classes A-F (Turner 1970), the Hanford
data have been classified by four categories (USERDA 1976C): B, D, moderately
stable (ms), and very stable (vs). Categories B and D approximately
correspond to the B and D Pasquill-Gifford categories. Moderately stable and
very stable correspond roughly to the Pasquill-Gifford classes E and F.

SPEED

miles per hour
1.1-7 7-18 18+
5-3 35-8 85+

meters per second

Fig. 1. Wind rose for Amarillo, Texas, 1955-1964.




The length of record of the Hanford data is also somewhat shorter than
that of the other stations. Stability and wind data were available for only
3 years for Hanford, whereas 5 or more years of data are available for the
other sites. However, a comparison of wind roses from the 3-year period
(Fig. 3) and a 15-year period (1955-70) showed little variation. Therefore,
the 3-year record at Hanford is regarded as adequate for this study.

2. Meteorological Data Used as DIFOUT Model Input. Two sets of
meteorological conditions were selected for each site for each accident
(excluding the tornado accident) to model the dispersion and deposition of
the detonation cloud. The two sets of conditions were chosen to provide a
range of possible downwind plutonium air concentrations that could occur as a
result of the variability of the weather. They represent an "unfavorable"
and a "median" (most likely) dispersion condition. Note that only the
meteorology changes between the two cases, while the amount of plutonium or
high explosives involved does not change.

SPEED

miles per hour
1.1-7 7-18 18+

5-3 35-8 85+
meters per second

Fig. 2. Wind rose for Burlington, lowa, 1967-1971.
13
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SPEED

miles per hour
1.1-7 7-18 18+

e ——— ]

5-3 35-8 85+
meters per second

Fig. 3. Wind rose for the Hanford Site, Washington, 1973-1975.

The wind direction was chosen first for each case. For the
unfavorable case, the wind direction was chosen so that release would affect
the largest nearby population center. The median case wind direction was

chosen so that the released cloud is carried in the prevailing wind direction
(Table VIII).

To select the wind speed and stability appropriate to be used in DIFQUT
for each accident scenario, preliminary dispersion factors (x/Q) were
calculated for each site with the STAR data using the following dispersion
equation (Slade 1968):

- 1_[exp -H2
6_ woyozu[ 20%] ’ (3)



where x/Q is the ground-level centerline integrated puff concentration,
normalized by the source strength, Q,
u is the midpoint of the wind speed class, adjusted to
the release height,
o, are horizontal and vertical puff dispersion
coefficients (Slade 1968), and
H 1is the release height.

Although this dispersion equation is not the same formulation as that used in
the DIFOUT model, the effect of different wind speeds and stabilities on the
dispersion of the detonation clouds can be assessed more quickly and
inexpensively with this equation than with DIFOUT.

Because initially the detonation cloud has plutonium distributed through
its entire depth, the release height is set equal to one-half the cloud top
height. The wind speed was adjusted to reflect this height as discussed
below. This release height is held constant for all downwind distances and
all meteorological conditions. The initial o, and o, were assigned

values equal to one-fourth the cloud top height. This value was chosen
because 95.5% of the aerosol in a Gaussian cloud is within 20 of the cloud

center.

TABLE VITI

WIND DIRECTIONS* FOR DISPERSION CASES

Median Largest Nearby
Dispersion Unfavorable Population Center
Case Dispersion Case (Distance from Site)
Pantex Plant** SSW ENE Amarillo (25 km
west -southwest)
Iowa Army SSW W Burlington (8 km
Ammunition Plant** ' east)
Hanford Site*** NW NNW Richland (43 km

south-southeast)

*Wind direction is defined as the direction from which the wind is blowing.
**Wind direction at 7 m.
***xWind direction at 16 m.
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The preliminary dispersion factors were calculated at 10 distances for
each combination of six windspeeds and six stability classes from the site
boundary to 80 km in two selected directions: the wind direction blowing
toward the closest nearby population center (unfavorable case) and the
prevailing wind direction (median case). Each of these dispersion factors
has a probability of occurrence based on the frequency of occurrence of the
particular wind speed and direction and the stability class used to calculate
it. From these probabilities, a cumulative probability distribution of
dispersion factors was constructed for each distance in the two directions.
The unfavorable case dispersion factor selected was the one exceeded during
only 0.5% of the total hours at the distance of the largest nearby population
center. The 0.5% x/Q is chosen to be consistent with other accident analysis
guidelines (USNRC 1979). The median dispersion factor selected was the
median x/Q in the prevailing wind direction at the same distance as the
unfavorable case.

The meteorological data producing these dispersion factors for each
accident (Table IX) are used as input for running the DIFOUT model. The
wind speed and stability can vary between accidents because of different
heights of the initial detonation clouds.

The variation of wind speed and direction with height was calculated for
eight heights from 7 to 300 m and held constant above 250 m. The change of
wind speed with height is determined by (USEPA 1977)

Uzp = Uzp (Z2/71)P , (8)

where Uzi is the wind speed at height Z1, Uz, is the wind speed at

height Z2, and p is a stability dependent coefficient. The value of p varies
with stability class as presented in Table X.

The variation of wind direction with height through the first few
hundred meters of the atmosphere has been estimated (Smith 1968) to be a
veering (turning clockwise with increasing height) of the direction by 15°
during the day and 30° at night over smooth surfaces. For model input, a
veering of 20° was assumed for neutral conditions and 25° for stable
conditions.

The selection of horizontal and vertical turbulent intensities was based
on stability class. The values for each stability class were taken from
Luna (1972) and are presented in Table X. Turbulence intensities were
assumed to be constant with height for DIFOUT model input.

The initiating event for Accident C is a tornado. This accident was
modeled for only one set of meteorological conditions. Plutonium particles
produced by the tornado-induced detonation could be spread by uptake in the
funnel cloud or by winds behind the funnel cloud. Although the former case



TABLE IX
METEOROLOGICAL DATA FOR UNFAVORABLE AND MEDIAN DISPERSION CASES

Median Unfavorable
Pantex Plant*
Accidents A-I, K SSW wind (202.5°) ENE wind (67.5°)
6.75 m/s 4.25 m/s
D stability E stability
Accident J SSW wind (202.5°) ENE wind (67.5°)
6.75 m/s 2.5 m/s
D stability F stability
Iowa Army
Ammunition Plant#*
Accidents L-S SSW wind (202.5°) W wind (270.0°)
4.75 m/s 2.5 m/s
D stability D stability
Hanford Site**
Accident T NW wind (315°) NNW wind (337.5°)
6.9 m/s 0.78 m/s
MS stability MS stability

*Wind speed and direction at 7 m.
**Wind speed and direction at 16 m.

TABLE X
WIND SPEED EXPONENT* AND TURBULENCE INTENSITY VALUES**

Turbulence Intensity

Stability Iy I,
Class p (horizontal) (vertical)
A 0.10 0.17 0.25
B 0.15 0.14 0.21
C 0.20 0.12 0.14
D 0.25 0.067 0.065
E 0.30 0.025 0.025
F 0.40 0.017 0.017

*SEPA 1977.
**| una 1972.

17



18

may occur, the resulting radiological consequences are expected to be much
lower because of greater dispersion and dilution. As a conceivable and more
conservative case, the winds behind the tornado were used in modeling the
dispersion of plutonium following a tornado-produced detonation.

The data selected as representative of the meteorological conditions in
the vicinity of a tornado are presented in Table XI. Based on a summary of
directions of tornado paths (Fujita 1976), it is unlikely that the wind
direction behind a tornado would be toward Amarillo (east-northeast wind).
Thus, the wind direction from the south-southwest was selected for this
postulated accident. The Borger area, north-northeast of the Pantex Plant,
would be the Tlargest population center affected.

C. Site Data

The location of each site with respect to the communities within 80 km
is presented in Figs. 4, 5, and 6. Distances to the site boundary and nearby
population centers for each dispersion case are presented in Table XII. Note
that for some accidents the nearest site boundary is closer to the accident
site in the median dispersion case than it is in the unfavorable dispersion
case. For these accidents, site boundary air concentrations for the median
case are higher than are those for the unfavorable dispersion case.

IV. RESULTS AND DISCUSSION

Integrated air concentrations in ug-s/m3 and deposition values in ug/m?
were calculated for each accident out to a distance of 80 km. For each
downwind distance, air concentrations and deposition were calculated every
1° of azimuth across the path of the cloud. The data presented in Appendix A
are the maximum concentration or ground deposition at each downwind distance.
The tables are arranged by site (Pantex Plant, IAAP, Hanford Site) and in

TABLE XI

METEOROLOGICAL DATA FOR TORNADO ACCIDENT

Pantex Plant

Accident C SSW wind
(202.5°)
10.0 m/s
D stability

Note: Wind speed and direction at 7 m above ground.
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Fig. 5. Location of the Iowa Army
Ammunition Plant and surrounding oW A

communities.
ILLINOIS

MISSOURI

N 80-MILE RADIUS

77 /' ‘4"‘[%"‘
5 10 15 20mi 7y _// % /&w

SO T
[o] % R T R R PP 7%
=t 7
O 10 20 30km 4 s
///”/’,/r & ~
CE

g 7

Canton l
[}

MISSOURI
l," 0 ]
= ULTON

!
umm:s tCLARK
&

LEWISTOWN
a

[) KELLERVILLE
' PALMYRA O]

20




Fig. 6. Location of the Hanford

¢ WASHINGTON
Site and surrounding communities.

80- MILE RADIUS

N OREGON

l‘$ 20 mi

\WENATCHEE j~~
-

POTHOLES
RESERVOIR

N Y Hooper

WHITMAN

////’//'/////

K

Q |

21



TABLE XII

DISTANCES TO SITE BOUNDARY, NEAREST RESIDENCE, AND
MAJOR POPULATION CENTER

Major
Site Nearest Population
Dispersion Boundary Residence Center
Case (km) (km) (km)
Pantex Plant
Accidents A, B, C, D, E, Median 5.0 5.2 4?2
F, G, J, K Unfavorable 5.5 6.5 25
Accidents H and I Median 2.2 2.4 42
Unfavorable 4.0 5.0 25
IAAP
Accidents L, M, N, O, P Median 1.5 1.5 None
Unfavorable 3.9 3.9 8.6
Accidents Q and R Median 2.45 2.5 None
Unfavorable 1.8 1.8 6.6
Hanford Site
Accident T Median 35 35 42
Unfavorable 35 35 42

order of greatest air concentration or deposition by site. Values of peak
air concentration and deposition by accident are presented in Table XIII for
the Pantex Plant, Table XIV for the IAAP, and Table XV for the Hanford Site.

The data show that the accidents involving the largest amounts of
plutonium produce the largest downwind integrated air concentrations and
ground deposition. Thus, the accidents with the largest offsite consequences
are accident I at the Pantex Plant and accident R at the IAAP. The only
exceptions to this trend are accident C (Pantex Plant), a tornado-produced
detonation, and accidents J, K (Pantex Plant), and S (IAAP). Downwind air
concentrations and ground deposition from accident € are smaller than are
values for accidents invoiving less plutonium because of the much higher wind
speeds dispersing the aerosol. Air concentrations close to the detonation
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TABLE XIII

HIGHEST OFFSITE INTEGRATED AIR CONCENTRATION AND GROUND DEPOSITION
FOR PANTEX PLANT ACCIDENTS

Concentrations (ug-s/m3) Ground Deposition (ug/m?)
Pu Released Unfavorable Median Unfavorable Median
Accident (kq) Meteorology Meteorology Meteorology Meteorology
I 120 3.38 x 10* (4) 4.25 x 10* (2.2) 1.37 x 10% (4) 8.60 x 103 (2.2)
B 100 9.60 x 103 (5.5) 9.40 x 103 (5) 3.45 x 102 (5.5) 1.80 x 103 (5)
A 50 8.20 x 103 (5.5) 7.00 x 103 (5) 2.15 x 103 (5.5) 1.38 x 103 (5)
H 30 4.80 x 103 (4) 5.90 x 103 (2.2) 2.07 x 103 (4) 1.10 x 103 (2.2)
c 100 NA 5.13 x 103 (8) NA 1.18 x 103 (5)
D 25 4.90 x 103 (5.5) 5.00 x 103 (5) 1.15 x 103 (5.5) 8.30 x 102 (5)
E, F 12 3.00 x 103 (5.5) 2.92 x 103 (5) 6.60 x 102 (5.5) 4.65 x 102 (5)
K 0.625 1.05 x 103 (5.5) 4.40 x 102 (5) 3.80 x 10! (5.5) 4.60 x 10! (5)
J 0.056 2.30 x 102 (5.5) 6.00 x 101 (5) 5.02 x 100 (5.5) 5.59 x 100 (5)

( ) Distance from accident location to maximum value, km.
NA Not Applicable.
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TABLE XIV

HIGHEST OFFSITE INTEGRATED AIR CONCENTRATION AND GROUND DEPOSITION

Pu Released
Accident (kq)
R 120
P 25
Q 30
L 12
S 0.625

( ) Distance from accident location to maximum value, km.

Accident

T

FOR IAAP ACCIDENTS

Integrated Air
Concentrations {ug-s/m3)

Ground Deposition (ug/m3)

Unfavorable
Meteorology

Median
Meteorology

Unfavorable
Meteorology

Median
Meteorology

1.73 x 105 (1.8)
1.65 x 10" (3.9)
1.60 x 10* (1.8)
9.55 x 103 (3.9)
1.45 x 103 (3.9)

6.30 x 10% (2.45)
9.80 x 103 (2.45)
7.30 x 103 (2.45)
5.41 x 103 (2)
6.00 x 103 (1.5)

TABLE XV

2.25 x 10* (1.8)
2,92 x 10% (3.9)
5.75 x 103 (1.8)
1.50 x 10? (3.9)
6.25 x 10! (3.9)

HIGHEST OFFSITE INTEGRATED AIR CONCENTRATION AND GROUND DEPOSITION
FOR HANFORD SITE ACCIDENTS

Pu Released
k

0.625

( ) Distance from accident location to maximum values, km.

Integrated Air
Concentrations (ug-s/m3)

Unfavorable
Meteorology

6.30 x 10! (35)

Median

Meteorology

1.70 x 10! (35)

1.48 x 10% (2.45)
2.29 x 10% (2)
1.85 x 103 (2.45)
1.28 x 103 (2)
4.75 x 102 (1.5)

Ground Deposition (1g/m?)

Unfavorable
Meteorology

Median
Meteorology

2.20 x 1071 (32)

5.00 x 10-1 (32)



for accidents J, K, and S are larger than are concentrations for accidents
involving more plutonium because of the small cloud height (Table II) and the
large initial concentration of plutonium in the lowest layer of the
detonation cloud (Table VI). Further downwind, air concentrations from
accidents J, K, and S become much smaller than are concentrations from the
other accidents, more in proportion to the initial plutonium release.

For each accident at similar downwind distances, air concentrations
under unfavorable dispersion conditions are greater than are concentrations
under median dispersion conditions. Depending on the cloud height and
meteorological conditions, the unfavorable case concentrations are as much as
four times higher than are median case concentrations. For plutonium ground
deposition, unfavorable case values are greater than are median case values
for most downwind distances. Because of this greater deposition near the
detonation in the unfavorable case, the unfavorable case cloud is more
quickly depleted of plutonium. Thus, beyond 50 km, ground deposition for
many of the accidents is greater for the median dispersion case.

No results have been presented for accident G at the Pantex Plant or
accidents M, N, and 0 at IAAP. Considering the amounts of high explosives
and plutonium, the accident G impact would be similar to but no worse than
that for accidents E or F. Also, the impact of accidents N and O would be
similar to but no greater than the impact of accident L; the accident M
impact would be no greater than that of accident S.

V.  SUMMARY

As part of the Pantex EIS, the dispersion and deposition of plutonium,
released from postulated detonations of nuclear weapons, have been calculated
using the DIFOUT model. Experimental data were used to describe the initial
characteristics of the detonation clouds as realistically as possible.
Meteorological data from each of the three sites considered for the EIS were
analyzed to select dispersion parameters for each postulated accident.

Results show that the postulated accidents involving the greatest
amounts of plutonium generally produce the highest offsite air concentrations
and ground deposition. Air concentrations and ground deposition values
calculated for unfavorable meteorological dispersion conditions were as much
as four times greater than those for median dispersion conditions, depending
upon the specific accident and the downwind distance.
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APPENDIX A

CALCULATION RESULTS

Integrated Air Concentrations

Pantex Tables A-I through A-IX

IAAP Tables A-X through A-XIV

Hanford Table A-XV

Ground Deposition

Pantex Tables A-XVI through A-XXIV

IAAP Tables A-XXV through A-XXIX

Hanford Table A-XXX

Downwind air concentrations and deposition values were not calculated for the
distances indicated (----).
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TABLE A-I

GROUND-LEVEL PLUTONIUM INTEGRATED AIR CONCENTRATIONS
(TOTAL AEROSOL)

Location: Pantex Plant

Accident: 1

Pu Released: 120 kg

Wind Direction: ENE Unfavorable Meteorology
SSW Median Meteorology

Concentrations (ug-s/m3)

Distance Unfavorable Median
(km) Meteorology Meteorology
1.0 - 6.23 x 10%
2.0 -— 4.58 x 10“
4.0 3.38 x 1o 2.62 x 10"
8.0 1.66 x 10% 1.56 x 10%
16.0 9.87 x 103 7.30 x 103

20.0 7.73 x 103 -
25.0 5.58 x 103 3.06 x 103
32.0 3.82 x 103 1.74 x 103

36.0 3.15 x 103 ---
50.0 1.74 x 103 5.78 x 102
64.0 1.05 x 103 3.04 x 102
80.0 6.42 x 102 1.67 x 102

TABLE A-11

GROUND-LEVEL PLUTONIW INTEGRATED AIR CONCENTRATIONS
(TOTAL AEROSOL)

Location: Pantex Plant

Accident: B

Pu Released: 100 kg

Wind Direction: ENE Unfavorable Meteorology
SSW Median Meteorology

Concentrations (ug-s/m3)

Distance Unfavorable Median
(km) Meteorology Meteorology
1.0 ——- 5.54 x 103
2.0 --- 3.62 x 103
4.0 1.15 x 10 9.68 x 103
8.0 8.35 x 103 8.47 x 103
16.0 5.85 x 103 6.13 x 103

20.0 5.26 x 103 -
25.0 4.13 x 103 3.04 x 103
32.0 3.12 x 103 1.82 x 103

36.0 2.74 x 103 -—-
50.0 1.78 x 103 6.34 x 102
64.0 1.17 x 103 3.39 x 102
80.0 7.51 x 102 1.89 x 102
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TABLE A-III

GROUND-LEVEL PLUTONIUM INTEGRATED AIR CONCENTRATIONS
(TOTAL AEROSOL)

Location: Pantex Plant

Accident: A

Pu Released: 50 kg

Wind Direction: ENE Unfavorable Meteorology
SSW Median Meteorology

Concentrations (ug-s/m3)

Distance UnfavorabTe Median
(km) Meteorology Meteorology
1.0 “—- 3.17 x 103
2.0 - 2.85 x 103
4.0 1.01 x 1lo% 7.74 x 103
8.0 6.30 x 103 6.17 x 103
16.0 3.67 x 103 3.37 x 103

20.0 2.70 x 103 —
25.0 2.13 x 103 1.44 x 103
32.0 1.57 x 103 8.25 x 102

36.0 1.32 x 103 .-
50.0 7.59 x 102 2.75 x 102
64.0 4.77 x 102 1.45 x 102
80.0 2.98 x 102 7.99 x 10!

TABLE A-1V

GROUND-LEVEL PLUTONIUM INTEGRATED AIR CONCENTRATIONS
(TOTAL AEROSOL)

Location: Pantex Plant

Accident: H

Pu Released: 30 kg

Wind Direction: ENE Unfavorable Meteorology
SSW Median Meteorology

Concentrations (ug-s/m3)

Distance UnfavorabTe Median
(km) Meteorology Meteorology
1.0 - 1.14 x 1o%
2.0 - 6.46 x 103
4.0 5.14 x 103 3.37 x 103
8.0 3.11 x 103 2.02 x 103
16.0 1.10 x 103 1.41 x 103

20.0 1.10 x 103 —-
25.0 1.10 x 103 7.77 x 102
32.0 9.70 x 102 4.97 x 102

36.0 8.44 x 102 -
50.0 5.15 x 102 1.88 x 102
64.0 3.31 x 102 1.04 x 102
80.0 2.12 x 102 5.91 x 10!



TABLE A-V

GROUND-LEVEL PLUTONIUM INTEGRATED AIR CONCENTRATIONS
(TOTAL AEROSOL)

Location: Pantex Plant

Accident: C

Pu Released: 100 kg

Wind Direction: N/A* Unfavorable Meteorology
SSW Median Meteorology

Concentrations (ug-s/m3)

Distance Unfavorable Median
(km) Meteorology Meteorology
1.0 0
2.0 2.22 x 103
4.0 4.53 x 103
8.0 5.13 x 103
16.0 Not applicable 4.15 x 103
25.0 for this 2.19 x 103
32.0 accident 1.33 x 103
50.0 4,71 x 102
64.0 2.53 x 103
80.0 1.42 x 102
*N/A not applicaable.
TABLE A-VI

GROUND-LEVEL PLUTONIUM INTEGRATED AIR CONCENTRATIONS
(TOTAL AEROQSOL)

Location: Pantex Plant

Accident: D

Pu Released: 25 kg

Wind Direction: ENE Unfavorable Meteorology
SSW Median Meteorology

Concentrations (ug-s/m3)

Distance Unfavorable Median
(km) Meteorology Meteorology
1.0 ae- 1.74 x 103
2.0 - 2.13 x 103
4.0 5.89 x 103 5.13 x 103
8.0 3.79 x 103 3.90 x 103
16.0 2.01 x 103 1.89 x 103

20.0 1.54 x 103 -—
25.0 1.23 x 103 7.51 x 102
32.0 8.81 x 102 4,19 x 102

36.0 7.27 x 102 -
50.0 3.96 x 102 1.36 x 102
64.0 2.34 x 102 7.07 x 10}
80.0 1.40 x 102 3.87 x 10!
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TABLE A-VII

GROUND-LEVEL PLUTONIUM INTEGRATED AIR CONCENTRATIONS
(TOTAL AEROSOL)

Location: Pantex Plant

Accidents: E, F

Pu Released: 12 kg

Wind Direction: ENE Unfavorable Meteorology
SSW Median Meteorology

Concentrations (ug-s/m3)

Distance Untavorable Median
(km) Meteorology Meteorology
1.0 - 9.38 x 102
2.0 - 1.74 x 103
4.0 3.48 x 103 3.21 x 103
8.0 2.40 x 103 2.37 x 103
16.0 1.07 x 103 9.10 x 102
20.0 8.24 x 102 -
25.0 6.23 x 102 3.43 x 102
32.0 4.49 x 102 1.88 x 102
36.0 3.70 x 102 .-
50.0 1.96 x 102 6.00 x 10!
64.0 1.14 x 102 3.10 x 10!
80.0 6.71 x 10! 1.69 x 10!

TABLE A-VIII

GROUND-LEVEL PLUTONIUM INTEGRATED AIR CONCENTRATIONS
(TOTAL AEROSOL)

Location: Pantex Plant

Accident: K

Pu Released: 0.625 kg

Wind Direction: ENE Unfavorable Meteorology
SSW Median Meteorology

Concentrations (ug-s/m3)

Distance Unfavorable Median
{km) Meteorology Meteorology
1.0 -— 9.07 x 103
2.0 — 2.50 x 103
4.0 1.90 x 103 7.02 x 102
8.0 4.77 x 102 1.65 x 102
16.0 1.06 x 102 2.93 x 10!
20.0 6.44 x 10! -
25.0 3.81 x 10! 8.83 x 10°
32.0 2.08 x 10! 4.46 x 100
36.0 1.55 x 10! —
50.0 6.56 x 109 1.27 x 109
64.0 3.38 x 100 6.23 x 107}
80.0 1.83 x 100 3.27 x 10-!



TABLE A-IX

GROUND-LEVEL PLUTONIUM INTEGRATED AIR CONCENTRATIONS
(TOTAL AEROSOL)

Location: Pantex Plant

Accident: J

Pu Released: 0.056 kg

Wind Direction: ENE Unfavorable Meteorology
SSW Median Meteorology

Concentrations (ug-s/m3)

Distance UnfavorabTe Median
{km) Meteorology Meteorology
1.0 —-- 1.25 x 103
2.0 - 4.98 x 102
4.0 3.59 x 102 1.11 x 102
8.0 1.53 x 102 1.85 x 10!
16.0 4,02 x 10! 2.77 x 10°
25.0 1.34 x 10! 7.82 x 10-!
32.0 7.05 x 109 3.84 x 10-!
50.0 2.11 x 10° 1.05 x 10-!
64.0 1.06 x 109 5.07 x 10-2
80.0 5.66 x 10-! 2.63 x 10-2
TABLE A-X

GROUND-LEVEL PLUTONIUM INTEGRATED AIR CONCENTRATIONS
(TOTAL AEROSOL)

Location: [IAAP

Accident: R

Pu Released: 120 kg

Wind Direction: W Unfavorable Meteorology
SSW Median Meteorology

Concentrations (ug-s/m3)

Distance UnfavorabTle Median
(km) Meteorology Meteorology
1.0 1.73 x 105 1.05 x 10°
2.0 -— 7.31 x 1lo“
4.0 7.07 x 10% 3.83 x 10%
8.0 4.27 x 104 2.38 x 10%
10.0 3.25 x 10% .e-
12.0 2.54 x 10“4 ---
16.0 1.54 x 10% 1.04 x 10%
20.0 9.82 x 103 -
25.0 6.02 x 103 4,31 x 103
32.0 3.37 x 103 2.44 x 103
50.0 1.11 x 103 8.05 x 102
64.0 - 4.22 x 102
80.0 - 2.32 x 102
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TABLE A-XI

GROUND-LEVEL PLUTONIUM INTEGRATED AIR CONCENTRATIONS
(TOTAL AEROSOL)

Location: IAAP

Accident: P

Pu Released: 25 kg

Wind Direction: W Unfavorable Meteorology
SSW Median Meteorology

Concentrations (ug-s/m3)

Distance Unfavorable Median
(km) Meteorology Meteorology
1.0 1.77 x 10 3.93 x 103
2.0 --- 9.32 x 103
4.0 1.65 x 1o% 9.30 x 103
8.0 1.07 x 1o 6.94 x 103
10.0 8.12 x 103 -
12.0 6.23 x 103 ---
16.0 3.74 x 103 2.57 x 103
20.0 2.37 x 103 -
25.0 1.44 x 103 1.00 x 1903
32.0 7.96 x 102 5.59 x 102
50.0 2.56 x 102 1.81 x 102
64.0 -—- 9.43 x 10!
80.0 —— 5.16 x 10!
TABLE A-XII

GROUND-LEVEL PLUTONIUM INTEGRATED AIR CONCENTRATIONS
(TOTAL AEROSOL)

Location: IAAP

Accident: Q

Pu Released: 30 kg

Wind Direction: W Unfavorable Meteorology
SSW Median Meteorology

Concentrations (ug-s/m3)

Distance UnfavorabTle Median
km Meteorology Meteorology
1.0 2.71 x 1o% 1.61 x 10%
2.0 --- ---
4.0 8.14 x 103 4.76 x 103
8.0 5.35 x 103 2.97 x 103
10.0 5.03 x 103 2.69 x 103
12.0 4.67 x 103 2.55 x 103
16.0 3.50 x 103 2.11 x 103
20.0 2.56 x 103 1.62 x 103
25.0 1.73 x 103 1.14 x 103
32.0 1.05 x 103 7.14 x 102
50.0 3.76 x 102 2.65 x 102
64.0 --- -—-
80.0 - —



TABLE A-XIII

GROUND-LEVEL PLUTONIUM INTEGRATED AIR CONCENTRATIONS
(TOTAL AEROSOL)

Location: IAAP

Accident: L

Pu Released: 12 kg

Wind Direction: W Unfavorable Meteorology
SSW Median Meteorology

Concentrations (ug-s/m3)

Distance UnfavorabTe Median
{km) Meteorology Meteorology
1.0 1.04 x 10 2.04 x 103
2.0 —-- 5.41 x 103
4.0 9.52 x 103 4.87 x 103
8.0 5.57 x 103 3.71 x 103
10.0 4,08 x 103 ——-
12.0 3.01 x 103 ---
16.0 1.75 x 103 1.28 x 103
20.0 1.11 x 103 -—-
25.0 6.72 x 102 4.77 x 102
32.0 3.73 x 102 2.61 x 102
50.0 1.20 x 102 8.25 x 10!
64.0 - 4,26 x 10!
80.0 - 2.32 x 10}
TABLE A-XIV

GROUND-LEVEL PLUTONIUM INTEGRATED AIR CONCENTRATIONS
(TOTAL AEROSOL)

Location: IAAP

Accident: S

Pu Released: 0.625 kg

Wind Direction: W Unfavorable Meteorology
SSW Median Meteorology

Concentrations (ug-s/m3)

Distance Untavorable Median
(km) Meteorology Meteorology
1.0 - 1.30 x 10%
2.0 5.09 x 103 3.55 x 103
4.0 1.39 x 103 9.90 x 102
8.0 3.30 x 102 2.26 x 102
16.0 - 4.00 x 10t

20.0 3.15 x 10! —
25.0 1.71 x 10! 1.20 x 10!
32.0 8.61 x 100 6.06 x 100

36.0 6.18 x 100 -
50.0 2.43 x 109 1.72 x 100
64.0 1.19 x 109 8.45 x 10-!
80.0 6.25 x 10~! 4.43 x 1071
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GROUND-LEVEL PLUTONIUM INTEGRATED AIR CONCENTRATIONS

Location: Hanford Site
Accident: T
Pu Released: 0.625 kg

TABLE A-XV

(TOTAL AEROSOL)

Wind Direction: NW Unfavorable Meteorology
NW  Median Meteorology

Distance

(km)

o N
.

cCooOocODOOOOOO

16.

32.
42.
50.
60.
64.
80.

Location: Pantex Plant
Accident: I
Pu Released: 120 kg

Concentrations (ug-s/m3)

Unfavorable “Median

Meteorology Meteorology
1.14 x 104 2.75 x 10*
6.34 x 103 7.68 x 103
4.29 x 102 1.08 x 192
1.16 x 102 3.98 x 10!
8.08 x 10! 2.17 x 10!
3.96 x 10t 1.08 x 10!
2.48 x 10! 6.81 x 10°
1.51 x 10! 4.18 x 109

TABLE A-XVI

PLUTONIUM GROUND DEPOSITION

Wind Direction: ENE Unfavorable Meteorology
SSW Median Meteorology

Distance

(km)

80\&"&)0)!\)[’\)'—‘

SO NNORND HN -
¢ e o s s e 8 e ¢ o v @
COO0OO0OOCOOCOOOO

Ground Deposition (ug/m?)

OUnfavorable Median
Meteorology Meteorology
. 9.78 x 103
- 8.99 x 103
1.37 x 10% 5.61 x 103
2.34 x 103 2.89 x 103
9.82 x io; 8.56 x 102

6.79 x 10 -—-
4.08 x 102 3.20 x 102
§°08 X 1o§ 1.77 x 102

.49 x 10 -
6.09 x 10! 5.65 x 10!
3.18 x 10! 2.93 x 10!
1.78 x 10! 1.60 x 10!



TABLE A-XVII

PLUTONIUM GROUND DEPOSITION

Location: Pantex Plant

Accident: B

Pu Released: 100 kg

Wind Direction: ENE Unfavorable Meteorology
SSW Median Meteorology

Ground Deposition (ug/m2)

Distance UnfavorabTe Median
{km) Meteorology Meteorology
1.0 — 7.78 x 103
2.0 ——- 9.58 x 103
4.0 3.72 x 103 1.88 x 103
8.0 2.91 x 103 1.68 x 103
16.0 8.77 x 102 8.92 x 102

20.0 7.19 x 102 -
25.0 5.07 x 102 3.77 x 102
32.0 2.64 x 102 2.14 x 102

36.0 1.91 x 102 ——
50.0 8.24 x 10! 7.04 x 10!
64.0 4.53 x 10! 3.69 x 10!
80.0 2.63 x 1ot 2.03 x 10!

TABLE A-XVIII
PLUTONIUM GROUND DEPOSITION

Location: Pantex Plant

Accident: A

Pu Released: 50 kg

Wind Direction: ENE Unfavorable Meteorology
SSW Median Meteorology

Ground Deposition {ug/m?

Distance UnfavorabTe edian
(km) Meteorology Meteorology
1.0 - 4.31 x 102
2.0 - 9.93 x 102
4.0 2.70 x 103 1.41 x 103
8.0 1.56 x 103 1.16 x 103
16.0 4.84 x 102 4.41 x 102

20.0 3.23 x 102 —
25.0 1.83 x 102 1.68 x 102
32.0 9.13 x 10! 9.20 x 10!

36.0 6.70 x 10! -
50.0 3.00 x 10! 2.91 x 10!
64.0 1.66 x 10! 1.51 x 10!
80.0 9,57 x 100 8.20 x 100
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Location:
Accident:

Pantex Plant

H

Pu Released: 30 kg

Wind Direction:

TABLE A-XIX

PLUTONIUM GROUND DEPOSITION

ENE Unfavorable Meteorology

SSW Median Meteorology

Ground Deposition (ug/m2)

Distance UnfavorabTe Median
(km) Meteorology Meteorology
1.0 --- 1.92 x 103
2.0 - 1.20 x 103
4.0 2.07 x 103 6.78 x 102
8.0 1.33 x 103 4.59 x 102
16.0 1.11 x 102 2.21 x 102
20.0 1.16 x 102 -—-
25.0 1.11 x 102 9.90 x 10!
32.0 8.35 x 10} 5.87 x 10!
36.0 6.53 x 10! -
50.0 2.82 x 10! 2.06 x 10}
64.0 1.49 x 10! 1.11 x 10!
80.0 8.26 x 100 6.23 x 109
TABLE A-XX
PLUTONIUW GROUND DEPOSITION
Location: Pantex Plant
Accident: C
Pu Released: 100 kg
Wind Direction: N/A* Unfavorable Meteorology
SSW Median Meteorology
Ground Deposition {ug/m2)
Distance UnfavorabTe edian
(km Meteorology Meteorology
1.0 -—-
2.0 4.14 x 102
4.0 Not applicable 1.18 x 103
8.0 for this 1.11 x 103
16.0 accident 7.74 x 102
25.0 3.65 x 102
32.0 2.14 x 102
50.0 7.26 x 10!
64.0 3.85 x 10!
80.0 2.13 x 10!
*N/A not applicable.



TABLE A-XXI
PLUTONIUM GROUND DEPOSITION

Location: Pantex Plant

Accident: D

Pu Released: 25 kg

Wind Direction: ENE Unfavorable Meteorology
SSW HMedian Meteorology

Ground Deposition (ug/m?)

Distance UnfavorabTe Median
(km) Meteorology Meteorology
1.0 - 2.31 x 102
2.0 - 7.57 x 102
4.0 1.67 x 103 8.69 x 102
8.0 7.13 x 102 6.80 x 102
16.0 2.57 x 102 2.32 x 102

20.0 1.35 x 102 ——-
25.0 7.04 x 10! 8.30 x 10!
32.0 3.77 x 10!} 4.47 x 10!

36.0 2.86 x 10! -
50.0 1.32 x 10! 1.38 x 10!
64.0 7.20 x 109 7.09 x 10°
80.0 4.09 x 100 3.84 x 100

TABLE A-XXII
PLUTONIUM GROUND DEPOSITION

Location: Pantex Plant

Accidents: E, F

Pu Released: 12 kg

Wind Direction: ENE Unfavorable Meteorology
SSW Median Meteorology

Ground Deposition (ug/m2)

Distance ~ UnfavorabTe Median
(km) Meteorology Meteorology
1.0 --- 1.24 x 102
2.0 -— 5.47 x 102
4.0 1.14 x 103 5.08 x 102
8.0 3.48 x 102 3.69 x 102
16.0 1.12 x 102 1.04 x 102

20.0 5.65 x 10! -
25.0 3.10 x 10! 3.59 x 10!
32.0 1.73 x 10!} 1.91 x 10!

36.0 1.32 x 10! —
50.0 6.04 x 100 5.86 x 100
64.0 3.27 x 109 2.99 x 10°
80.0 1.85 x 109 1.61 x 10°
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TABLE A-XXIII

PLUTONIUM GROUND DEPOSITION

Location: Pantex Plant
Accident: K
Pu Released: 0.625 kg

Wind Direction: ENE Unfavorable Meteorology

SSW Median Meteorology
Ground Deposition (gﬂ/mz)
Distance UntavorabTe edian
(km) Meteorology Meteorology
1.0 —-- 9.94 x 102
2.0 - 2.75 x 102
4.0 9.31 x 10! 7.68 x 10!
8.0 1.25 x 10!} 1.59 x 10!
16.0 2.85 x 109 2.62 x 1090
20.0 1.65 x 109 ---
25.0 9.39 x 10-! 7.69 x 10-!
32.0 4,92 x 10-! 3.85 x 10-!
36.0 3.60 x 10-! -
50.0 1.48 x 10! 1.08 x 1071
64.0 7.47 x 10-2 5.28 x 1072
80.0 4.00 x 10-2 2.76 x 1072

TABLE A-XXIV

PLUTONIUM GROUND DEPOSITION

Location: Pantex Plant
Accident: J
Pu Released: 0.056 kg

Wind Direction: ENE Unfavorable Meteorology

SSW Median Meteoro

Togy

Ground Deposition (ug/m2)

Distance Unfavorable edian
(km) Meteorology Meteorology
1.0 - 1.77 x 102
2.0 —— 5.22 x 10!
4.0 9.27 x 109 1.01 x 1ot
8.0 1.79 x 10° 1.61 x 100
16.0 4.00 x 10~} 2.34 x 10-!
25.0 1.27 x 10-! 6.21 x 102
32.0 6.52 x 102 3.18 x 10-2
50.0 1.89 x 10-2 8.62 x 10-3
64.0 9.43 x 1073 4.17 x 103
80.0 4,99 x 10-3 2.15 x 10~3



TABLE A-XXV
PLUTONIUM GROUND DEPOSITION

Location: IAAP

Accident: R

Pu Released: 120 kg

Wind Direction: W Unfavorable Meteorology
SSW Median Meteorology

Ground Deposition (ua/mz)

Distance UnfavorabTe edian
(km) Meteorology Meteorology
1.0 5.22 x 10" 2.16 x 10%
2.0 - 1.64 x 10"
4.0 7.50 x 103 9.76 x 103
8.0 3.45 x 103 2.56 x 103
10.0 2.43 x 103 ——-
12.0 1.68 x 103 -
16.0 8.51 x 102 8.22 x 102
20.0 4.85 x 102 -
25.0 2.72 x 102 3.09 x 102
32.0 1.42 x 102 1.69 x 102
50.0 4.29 x 10! 5.32 x 10!
64.0 - 2.74 x 10!
80.0 — 1.49 x 10!

TABLE A-XXVI
PLUTONIUM GROUND DEPOSITION

Location: IAAP

Accident:
Pu Released: 30 kg
Wind Direction: W Unfavorable Meteorology
SSW Median Meteorology
Ground Deposition (Ha/mz)
Distance UnfavorabTe edian
(km) Meteorology Meteorology
1.0 8.48 x 103 2.89 x 103
2.0 -— -—
4.0 -3.14 x 103 1.26 x 103
8.0 5.07 x 102 7.26 x 102
10.0 4.61 x 102 4.62 x 102
12.0 3.87 x 102 3.19 x 102
16.0 2.63 x 102 2.02 x 102
20.0 1.96 x 102 1.14 x 102
25.0 1.02 x 102 9.34 x 10!
32.0 5.53 x 10! 5.57 x 10!
50.0 1.74 x 10! 1.95 x 10!
64.0 -—- -—-
80.0 -—- -——-
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TABLE A-XXVII

PLUTONIUM GROUND DEPOSITION

Location: IAAP

Accident: P

Pu Released: 25 kg

Wind Direction: W Unfavorable Meteorology
SSW Median Meteorolagy

Ground Deposition (ua/mz)

Distance Unfavorable edian
{km) Meteorology Meteorology
1.0 5.76 x 103 8.44 x 102
2.0 ——- 2.29 x 103
4.0 2.86 x 103 1.75 x 103
8.0 1.02 x 103 8.87 x 102
10.0 6.08 x 102 -
12.0 3.89 x 102 -
16.0 1.90 x 102 2.19 x 102
20.0 1.08 x 102 -—-
25.0 6.11 x 10! 7.44 x 10!
32.0 3.21 x 10! 3.94 x 10!
50.0 9.73 x 10° 1.20 x 10!}
64.0 --- 6.12 x 100
80.0 - 3.30 x 100

TABLE A-XXVIII
PLUTONIUM GROUND DEPOSITION

Location: IAAP

Accident: L
Pu Released: 12 kg
Wind Direction: W Unfavorable Meteorology
SSW Median Meteorology
Ground Deposition (pﬁ/mz)
Distance UnfavorabTe edian
{km) Meteorology Meteorology
1.0 3.43 x 103 6.61 x 102
2.0 -—- 1.28 x 103
4.0 1.45 x 103 1.01 x 103
8.0 4.64 x 102 4.37 x 102
10.0 2.76 x 102 ——-
12.0 1.77 x 102 -—
16.0 8.67 x 10! 1.03 x 102
20.0 4,95 x 10! -—
25.0 2.80 x 10! 3.37 x 10!
32.0 1.48 x 10! 1.76 x 10!
50.0 4.49 x 100 5.29 x 109
64.0 - 2.68 x 109
80.0 ——- 1.44 x 10°



Location:
Accident: T
Pu Released:
Wind Direction:

Location: IAAP
Accident: S
Pu Released:
Wind Direction:

Distance

(km)

OCHECONOOD AN
COOOOCOO0OODO0OO0O0OODO0O

O LW WM N =

Distance

(km)

e e e o o @ .
OO O0OOOOOOOOO

OHOONNTON AN

RN W =

0.625 kg
W Unfavorable Meteorology
SSW Median Meteorology

TABLE A-XXIX

PLUTONIUM GROUND DEPOSITION

Ground Deposition (ug/m?)

Hanford Site

0.625 kg
NW Unfavorable Meteorology
NW Median Meteorology

Unfavorablie edian
Meteorology Meteorology
- 1.02 x 103
3.36 x 102 2.93 x 102
6.12 x 10} 7.60 x 10!
1.17 x 10! 1.44 x 10!
- 2.29 x 100
1.02 x 109 ---
5.49 x 10-! 6.69 x 10-!
2.74 x 10~} 3.34 x 10-!
1.96 x 107! ——-
7.63 x 10-2 9.33 x 10-2
3.73 x 10-2 4,57 x 1072
1.95 x 10-2 2.38 x 1072
TABLE A-XXX

Ground Deposition (ua[mz)
e

PLUTONIUM GROUND DEPOSITION

UnfavorabTe
Meteorology

dian
Meteorology

1.00 x 103
1.12 x 102

100
100
10-1
10~}
10~}
10-!

3.61
1.20
6.33
3.07
1.91
1.16

x X X X X X
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APPENDIX B

STABILITY - WIND ROSE (STAR) DATA

Amarillo 1955-1964
Burlington 1967-1971

Hanford 1973-1975




