APPENDIX F
ESTIMATING ATMOSPHERIC ENVIRONMENTAL EFFECTS

Because the Savannah River Plant is a large nuclear complex
engaged in varied activities, there are some continuous and
intermittent releases of radioactive gases and particulates to
the atmosphere. Although SRP has an extensive monitoring system,
an environmental model i1s needed to estimate effects of radio-
active releases to the environment and potential effects from
postulated accidental releases. The modeling system is required
for basically two reasons:

® Most releases lead to very low concentrations and may not be
detectable.

e Accounting for all releases by environmental monitoring
methods alone is difficult, even if the releases were
detectable.

Mathematical models have been developed which provide
estimates of the effect of radiocactive releases to the envi-
ronment. Some of the models can account for the effects of
the very small continuous and intermittent releases of radio-~
active material to the atmosphere which are a consequence of
routine production activity. Real time models {models which
can provide immedlate results and predictions) can be used to
evaluate potential effects ot accidental release of radicactive
material to the atmosphere and to predict the distribution of
the dispersed radionuclides. These models are based on measured
meteorological parameters for determination of transport and
diffusion of atmospheric pollutants and have been validated
against information obtained during special tests and data
collection exercises based at the Savannah River Plant.

ANNUAL RELEASES

The environmental model in use at SRP is diagrammatically
presented in Figure F~1. The first objective in developing the
model was to obtain a library of data representing an estimate of
annually averaged azimuthal and radial distributions of released
material. This library is based on air concentratioms at ground
level for each isotope considered and whole body dose estimates
for discrete gamma energies that were spatially distributed,
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The meteorological data were obtained from instrumentation
installed on the WJBF-TV tower located approximately 30 km north-
west of the geometric center of SRP. For modeling purposes, the
data were assumed to be applicable to any release point of interest
within the general area, including offsite release points. The
meteorological data and calculational techniqués are described more
fully in DP-1163.' Additional analysis of the data and discussion
of calculational techniques is given in DP-1341.7

Annually averaged concentrations in air were estimated for
each isotope individually by processing the meteorological data
assuming a unit release (1 curie) for each data period (15 minute
averages). Ground-level concentrations were accumulated as a
function of azimuth and radial distance from an arbitrary origin
based on a grid overlay of SRP and enviroms. At the end of this
procedure, i.e., after all meteorological data tor the two-year
period had been processed, the accumulated concentrations were
divided by the total number of data periods represented.

The result was a quantity representing a yearly integrated
concentration associated with each grid point assuming a unit
curie release over the year. These quantities were corrected for
decay according to isotope and measured meteorology for each
data period.

Whole body dose calculations were performed by processing
the meteorological data in a similar fashion. However, the cal-
culations were significantly more complex as the gamma dose to a
receptor may be strongly dependent on the total spatial distribution
about the receptor and may not be necessarily related to ground-
level concentration. To minimize computations and at the same
time have a library of data covering the usually encountered
spectrum of gamma energies, the calculations were performed for
discrete gamma energies rather than for specific isotopes. This
also provided an efficient method of treating multiple energies
from individual isotopes when desired.

Because the gamma calculations are isotope independent, the
library data need not be corrected for decay, but a correction is
made when the data are utilized later. The calculations are
normalized to a unit curie release of discrete gamma energies over
the range of 0.01 through 5.0 Mev.

At this point the library consists of isotope and gamma
energy data originating from an arbitrary point. To relate these
data to a specific population grid to facilitate man-rem calcula-
tions, the library data are reprocessed. In this processing, each
source to be treated as a separate entity is assumed to be the
origin of material distributions, and a population grid centered
about SRP is assumed to be exposed. Thus, a new library is con-
structed that contains annually averaged data that is source
specific, but always with respect to the same fixed population grid.
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Man-rem calculations are performed by processing the library
data according to source point and release magnitude; the results
are applied to the population distribution (Figure F-2). Multiple
source points may be considered within a single pass to estimate
total man-rem exposure from sources separatéd by relatively large
distances. In addition, multiple gamma energies may be input for
individual isotopic species. Decay corrections are then applied
to the gamma calculations. Some of the isotopes being considered
from each source point, particularly tritium and ®°Kr, may be
assumed for practical purposes to have infinite half-lives over
the time intervals of interest, 1.e., transport times out to a
maximum of 150 km. For any particular isotopic species whose
decay is significant, a decay correction for each grid point is
simply determined as the ratio of ground level concentrations
with respect to a long-lived isotope from the same source.

A glossary of terms used in this appendix is found in
Table F-1,
MODELING EQUATIONS
All pground-level air concentration calculations are based on

a sector-averaged Gaussian plume model with a finite mixing depth
imposed

. 2
X/Q = 3?2 E exp |- 2mH+h +
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exp| =

2 a
Z

number of azimuthal subdivisions or sectors

where N

Oz = standard deviation of material distribution in the

vertical, m

H = mixing depth, m
h = release height, m
X/Q = concentration per unit source, sec/m®
x = downwind distance
T = effective wind speed, m/sec
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A plot of the amnual average unit concentration (¥/Q)} for
an arbitrary center of distribution in the SRP Area and a 70-meter
release height is given iIn Figure F-3; the plot shown is for long-
lived isotopes, and assumes no radicactive decay.

An average mixing depth of 300 m was used in all these calcu-
lations. This value of the mixing depth provides good agreement
between calculations and experimental tritium concentration
measurements over 12 years but does not imply the actual existence
of an average mixing depth of 300 m. If gravitational settling
is assumed, there are no ground reflections, and the plume is
assumed to be tilted downward from the horizontal according to
settling velocity:

N hexVg/T) 2
X/Q = 3/2 exp - .L_.i.g.g-l.{)—
(21) ozﬁ X Zcz
(2)
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exp (Z2H~h+xV5/u)
20‘22

where Vg = gravitational settling velocity, m/sec

When chemical dry deposition is assumed, as for iodines,
Equation 1 must be modified to account for depletion., Chemical
dry deposition is generally assumed teo result in plume depletion
in a manner that leaves the remaining material distribution unaltered.
Thus, Equation 1 must be multiplied by a fraction representing
the material remaining in the plume as a function of distance.
This can be accomplished by integrating total deposition out to
the distance of interest to obtain the ratio of the material
remaining to that from the original source., Due to the form of
the integral expression, it has to be evaluated by numerical means
for each new calculation. Rather than devoting a large amount of
computational time in this manner, a simple approach was taken
that depleted the source by radial Increments. At each radial
grid point of each sector, the estimated concentration is assumed
to apply over an area represented by that point. The source term
for each point is then determined as

ie1
Q'(x;) = Q(0) - vy Z QT(x;) Ay 1> 2 (3)
j=1
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where Aj = area represented by grid point j in m® and

Q(0) = the original source which applies at the lst (i=1)

radial increment in each sector.

Calculations involving gamma photon emissions are complicated
by the fact that a receptor need not be near the material to
receive exposure, For an elevated source under stable meteorolo-
gical conditions, significant exposure (at downwind distances of
several kilometers) may be received from material passing overhead.
A computer program, EGAD, ® was developed for the specific purpose
of accounting for the spatial distribution of gamma photon emissions
in the geometry required for this application. The expression
solved in EGAD is

H el
Q
D= E—T-[l f £(z) » f E—(-%ﬂ dydz (4)

z2=0 y=0

where D is related to total integrated dose from QY photons,

The first integral expression represents the spatial distribution
with ground and inversion reflections. The second expression,
which 1s an analytical Integration with respect to x, accounts
for attenuation and buildup in air where

linear attenuation coefficient for air, m~}

distance frem spatial point to receptor = sz + y? m
2

This program was used to generate the gamma library for incremental
gamma energles from 0.01 to 5 MeV,

The SRP program conslders many pathways to man resulting
from atmospheric releases. All pathways, except whole body gamma
doses, have dose conversion factors relating all dose calculations
to estimated ground-level concentrations as contained in the library
data. Results of these estimates are presented in Section TII.
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Results of current operations (1975 releases) indicate the total
man—-rem exposure to the local population out to 100 km is about
~A T 7

-~ P g + 11
rom naturally occurring radicactivity.

0.15% of that received

POSTULATED ACCIDENTAL RELEASES

Consequences of accidental releases of radioactive material to
the atmosphere are determined by using the same meteorological data
base as described above. Because postulated accidents are being
considered, it is necessary to provide estimates of consequences
for the full spectrum of meteorological conditions that .could occur.
This is accomplished by assuming an accident occurs for each 15-minute
averaged set of meteorological parameters constituting the data
base and estimating the consequences for each set. After estimates
are obtained for the entire two-year period, cumulative probability
estimates are obtained that relate consequence magnitude to the
frequency that the given magnitude would not be exceeded. The fre-
quencies are given in terms of percentiles. For instance, the conse-
quence magnitude at the 95th percentile would be a magnitude that would
not be exceeded for 95% of the meteorological conditions under which
the accident could occur.

In the case of a chemical explosion in a waste tank (page III-103)
the material is assumed to be released instantaneously and influenced
by gravitational settling. Under these conditions the governing

-4 il
equation 1s

2
-1 _ %V
X/Q = 1 exp 5 ( ____,E_)
2o 0 h _____%— (5
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where 0, is the standard deviation of material distribution
horizongally.

If it is assumed that the material is released at a height
such that the plume axis Intersects the ground at the plant
boundary the above equation reduces to

X/Q = 1/21rcyozu (6)

which is equivalent to assuming a ground level release without
gravitational settling or ground reflection.

Equation 6 was therefore used to provide a conservative
estimate by maximizing ¥/Q at the plant boundary irrespective
of particle size and gravitational settling properties. A
graph of this equation is shown 1n Figure F-4 for the 95th

petcentile as a function of distance.
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In case of actual accidental release to the atmosphere, real-
time meteorological data are available from sensors located
throughout the plant. These data are used as input to models
which allow rapid determination of the downwind concentrations
of these atmospheric releases. Details of these accidental re-
lease models are to be found in DP-1412.%
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FIGURE F-1. Man-Rem Calculation Procedures




FIGURE F-2. Distribution of Population in Region Surrounding the
Savannah River Plant (Radial Increments = 5 km, 22.5°
Sector)} 1970 Census
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TABLE F-1

Glossary of Terms Used in Modeling Equations

a - distance from spatial point to receptor, m

Aj - area represented by grid point j, m?

D - related to total integrated dose from QY photons

h -~ release height, m

H - mixing depth, m

m ~ integer counter to account for reflections

N - number of asimuthal subdivisions or sectors

Q(0) - original source at first radial increment in each sector

Q_Y - number of photons

ﬁ - effective wind speed, m/sec

Vg - gravitational settling velocity, m/sec

X - downwind distance, m

u - linear attenuation coefficient for air, m !

9y - standard deviation of material distribution in the
horizontal direction, m

0, - standard deviation of material distribution in the
vertical direction, m

X/Q - concentration per unit source, sec/m’
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