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1.0 BAC(1'I{ZORlNI) IN FORiM1ATlION

1.1 Introduction

lvhen radioactive material is released to tile atmosphere, estimates of radiation doses
received by persons downwind are generally made by use of standard atmospheric
dispersion equations (ref. 1, pp. 97-116). This procedure is adequate as a means of
estimating inhalation doses, but it may result in very large errors when evaluating
external gamma doses from radioactive clouds (2). Therefore, a number of cloud
gamma dose models have been developed (3, 4).

Most published cloud gemma dose models were developed as part of computer codes
used to estimate doses resulting from releases by nuclear power reactors. Such
models may, when applied to small radiological research facilities, yield estimates
with large and unpredictable errors. The model described in this study was developed
to provide dose estimates for such releases. This model, which uses exposure rate
source geometries consisting of concentric sets of hollow cylinders, has been
designated the concentric cylinder set (CCS) model. A more detailed discussion of
the background of the CCS model has been presented elsewhere (ref. 5, pp. 2-7,
13-19).

1.2 Purose

The CC'S cloud gamma dose model was developed solely for the purpose of providing
externa! gamma dose estimates for a variety of radioactive cloud geometries. The
(CCS model may be applied to the simple plume geometries and long-term "average"
meteorological conditions postulated in most models. However, the primary purpose
of developing the CCS model is to estimate doses from irregular clouds.

An irregular cloud may possess any of the following characteristics: (a) finite size,
(b) more than one plume centerline, (e) more than one plume orientation, (d) not
accurately described with single-valued "effective" meteorological parameters,
(e) widely varying concentrations of radioactivity within one gamma ray mean free
path of the receptor, (f) plumes resulting from widely varying release rates, and
(g) receptors at downwind distances where entrainment of released gases has not yet
been completed.

1.3 \lodel ('oiparLsons

The (('S In )(lel has been compared to a number of published cloud gainin dose
Imodels fer those conditions to which the published models can be applied (ref. 5.
pp. 78-8S). ('omparisoni wa,; also made between calculated (CCS model) exposure
rates and those obtained by iieasure ments taken during the same stnek releases (ref.
5, pp. I13- 117). The ('('S model generally agreed with published models to within
30",, when iden tical iniput pa raneters could be u:;ed. The model generally agreed with
field measurelments withdn a factor of 2.

A point-by-poirrt model w:. developed solely as Il ec:nparlsoon model. The point-by-
poiint Inodel is basically a comiputer ,od, derived frn: theoretical cloud gaiima dose
eqiuntions, withont t ,e speeial assill) t ions used in devCloping the ('('S model (i;).
Only a few sets of rel(lisc conditions were evaluated in tlhis Conparison, due to the
larie amount of 1maehine tiie required for this model. (Comparison to the ('('S model
showed conlsistent ate Vl'(lt'ill withiii 2 (w,,.

4Wt



2.0 BASIC MODEL

2.1 General Description

The concentric cylinder set model requires little expenditure of money or man-
hours. It is not a computer code and requires no computer for its application. The
model is flexible, due to its modular data sets and absence of any decision making in
the model proper. All information needed to apply the model is provided in this
report, except for specific radioactive source data. Values for source gamma ener-
gies and half-lives may be obtained from standard references (7).

A number of assumptions have been made in developing the CCS model, particularly
in its application to irregular clouds. These assumptions, which have been discussed
elsewhere (ref. 5, pp. 57, 58, 92), may be summarized as follows:

(a) Any radioactive cloud may be considered, for purposes of external
radiation dose evaluation, to consist of a few (generally less than 20)
smaller source volumes. Each source volume may be described by a set of
single-valued meteorological and geometric parameters.

(b) A Gaussian diffusion model (8) may be used to approximate the inter-
nal source distribution of each source volume, or plume segment. This
condition holds, even if the segment has undergone changes in direction
during the period of its travel from release point to exposure of a recep-
tor. This assumption is acceptable for external gamma dose estimates but
not for internal dose estimates.

(c) Assumptions generally used in cloud gamma dose models (ref. 1, pp.
337-355) (9) may be used for the CUS model when used to evaluate both
simple plumes and irregular clouds, with proper adjustments.

2.2 Simple Plume Geometry

The most useful application for the ("S model is the evaluation of doses from irreg-
ular clouds. However, application to simple plumes provides a better background for
learning to apply the model, and will be discussed first. Figure 1A is a side view of
an idealized simple elevated plume, as represented in the C(S model. The plume is

represented by a train of end-to-end concentric sets of hollow cylinders. A per-
4:t spective of several cylinder sets is shown in Figure 1b. The plume centerline is taken

as the +X coordinate in standard dispersion calculations.

l;Each cylinder set has a ( mussian source distribution. The maxi mum cylinder radius
included in the (lose suimnations is denoted ma<x' atnd is equal to 3 ', where o is
imagnitude of the dispersion coefficient (ref. 1, pp. 100-105). Although this param-
eter increases monotonically and continuously in standard dispersion calculations, it
is treatted as i step-function in the (( S model.

[he irminimmin distance between the receptor and the plume centerline is designated
the cen terline-receptor distance, denoted by a. The length of a set of cylinders is
denoted by L. If ; receptor is loc Ited directly below the plume centerline, then a
li, the effective stack height. Since the Ut S model represents a theoretically

-- .--. - ---- w -- - -2
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2.3 Basic Concentric Cylinder Set Equation

The basic CCS exposure rate module is based on the use of a hollow cylinder as the
smallest separate source element. An integral solution exists for the fluence rate
from such a source geometry (ref. 10, pp. 397-415). If attenuation is assumed to have
a lesser effect on the exposure, the solution can be used to approximate the expected
exposure rate. In the equation below used to develop the exposure rate curves,
integration is applied over the cylinder internal angle and summation over the other
dimensions (cylinder length and radii).

The exposure rate module equation for exposure rate is: [
3 o L s

E. . r'F A sA (I + kpr..j) exp (-pur. ij s/2 02)AL ihE.R. =- FQFC sj~s .. ...... with:

a 0 ,,2 2 a2

j=1 -a , -4 s "

E.R. = exposure rate at receptor, mR/h

I. = length of each cylinder in the set, in

Q1 = radioactivity release rate, mCi/s

sil = radius of tile jth cylinder in the set, in

F = point source gamma exposure rate constant, R-n 2 /Ci - h

'Zi = distance along the cylinder axis, to ith increment, m

5 = average, or effective, wind speed, m/s
product of dispersion coefficients, in2 , with 2 = V-y z

k = gamma buildup constant in air, no units

= gamma attenuation coefficient in air, r -

a centerline-receptor distance, in

I" radioactive decay correction factor, no units

, =cylinder eccentricity correction factor, no units

A = air-ground scattered gamma correction factor, no units

rij distance between receptor and cloud volume corresponding to i , sp fl

= increment of cylinder length, along axis, m, and

.,s = increment of cylinder radius in a set, al.
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2.4 Dispersion Coefficient

Meteorological parameters can be obtained by use of a wind speed- and direction-
recording system and by visual observation of the sky. Values of the dispersion
coefficient, c, are provided in Figure 2. They should be applied with care in order
not to be used outside the limiting conditions of their applicability ().
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Stability classes (or types) chosen for this study are listed in the legend for Figure 2.
They are recommended by the U.S. Nuclear Regulatory Commission (USNRC). Type
D should be used for all heavily overcast conditions. The appropriate classes can be
ascertained by referring to Table 1, modified as necessary from standard references
('2).

Table I. Categories* of Meteorological Stability

Daytime Br htness Nighttime Cloudiness
Surface Wind ;

Speed (m/s) Strong Moderate Slight 50% or More 40% or Les

<2 A A-B 13 (F) 
"f  (F-G)

2 A-B B C E F

4 B yn-C C D E

6 C C-D D D 1)

>6 C D 1 _D D

Categories taken from referenceq 11I and 12

Parentheses indicate that thlese were not included in original typing scheme.

3.0 APPLICATION

:3.1 Cylinder Eccentricity

In the basic CCS equation, a circular cylinder geometry is assumed; this corresponds
to isotropic diffusion in the yz-plane. This assumption, while not consistent with
observed diffusion patterns, generally results in acceptably small errors when used
only for external gamma dose estimates. However, there are cases in which the
resulting error may be significant. So it is necessary to include a correction factor,
C, for cylinder eccentricity.

Figure 3A qualitatively illustrates the effect of cylinder eccentricity on source-
receptor geometry. Table 2 lists values of the ratios of crosswind-to-vertical disper-
sion coefficients for the range of conditions for which the CCS model might be
needed. Table 3 lists correction factors. Correction factors for cylinder eccentricity
exposure rate were obtained by FORTRAN summation over cylinder set volumes.
Values of C are listed for the following parameter values: ratio of )v/iz, ratio of
s/a, ratio of L/a. and values of the angle i, which is the angle betw6en the line a

and the vertical, For a ground level receptor and with oN, > oz. C is alwayv less
than 1.0, and can be ignored for conservatism.

flI
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Table 3. Correction Factors for Cylinder Eccentricity

Factor, C, for oy/oz= Factor, C, for oyyzz

(o) c/a L/a 0.5 1.0 2.5 4.0 6.5 (o) o/a L/a 0.5 1.0 2.5 4.0 6.5

0 0.25 < 1 1.4 1 0.8 0.6 0.5 45 0.25 < 1 1.0 1 0.9 0.8 0.7
1-2 1.2 1 0.8 0.7 0.6 1-2 1.0 1 0.9 0.8 0.7
>2 1.2 1 0.8 0.7 0.6 >2 1.0 1 0.9 0.8 0.7

0.75 < 1 1.2 1 0.6 0.4 0.3 0.75 <1 0.8 1 0.9 0.6 0.4
1-2 1.1 1 0.7 0.5 0.4 1-2 0.8 1 0.9 0.7 0.5

>2 1.1 1 0.7 0.6 0.4 >2 0.8 1 0.9 0.7 0.5

1.25 < 1 1.0 1 0.8 0.6 0.5 1.25 < 1 0.9 1 0.9 0.8 0.6

1-2 1.0 1 0.9 0.7 0.6 1-2 0.9 1 1.0 0.8 0.7
>2 1.0 1 0.9 0.7 0.6 >2 0.9 1 1.0 0.9 0.7

1.75 <1 0.9 1 0.9 0.8 0.6 1.75 <1 0.9 1 1.0 0.9 0.7
1-2 0.9 1 0.9 0.8 0.7 1-2 0.9 1 1.0 0.9 0.8

>2 0.9 1 0.9 0.9 0.7 >2 0.9 1 1.0 0.9 0.8

2.25 :l 0.9 1 0.9 0.8 0,7 2.25 <1 0.9 1 1.0 0.9 0.8
1-2 0.9 1 1.0 0.9 0.8 1-2 0.9 1 1.0 1.0 0.9
>2 0.9 1 1.0 0.9 0,8 2 0.9 1 1.0 1.0 0.9

2.75 "1 0.9 1 1.0 0.9 0.8 2.75 <1 0.9 1 1.0 1.0 0.9
.-2 0.9 1 1.0 1.0 0.9 1-2 0.9 1 1.0 1.0 0.9
>2 0.9 1 1.0 1.0 0.9 >2 0.9 1 1.0 1.0 0.9

30 0.25 , 1 1.1 1 0.8 0.7 0.6 90 0.25 <1 0.8 1 1.1 1.0 0.9
1-2 1.1 1 0.9 0.7 0.6 1-2 0.9 1 1.1 1.0 0.9
.2 1.1 1 0.9 0.8 0.6 >2 0.9 1 1.0 1.0 0.9

0.75 <1 1.0 1 0.6 0.4 0.3 0.75 '1 0.6 1 1.3 1.4 1.4
1-2 1.0 1 0.7 0.5 0.4 1-2 0.7 1 1.3 1.2 1.2
>2 1.0 1 0.7 0.5 0.4 >2 0.7 1 1.2 1.2 1.2

1.25 <1 1.0 1 0.9 0.7 0.5 1.25 <1 0.8 1 1.2 1.1 1.1
1-2 1.0 1 0.9 0.7 0.5 1-2 0.8 1 1.1 1.1 1.1
>2 1.0 1 0.9 0.7 0.6 >2 0.8 1 1.1 1.1 1.0

1.75 1 0.9 1 0.9 0.8 0.6 1.75 <1 0.8 1 1.1 1.1 1.1

1-2 0.9 1 0.9 0.8 0.7 1-2 0.8 1 1.1 1.1 1.0
>2 0.9 1 1.0 0.9 0.7 -2 0.8 1 1.1 1.1 1.0

2.25 <1 0.9 1 1.0 0.9 0.8 2.25 I 0.9 1 1.1 1.1 1.0
1-2 0.9 1 1.0 0.9 0.8 1-2 0.9 1 1.1 1.1 1.0
>2 0.9 1 1.0 0.9 0.8 '2 0.8 1 1.1 1.1 1.0

2.75 el 0.9 1 1.0 0.9 0.8 2.75 1 0.9 1 1.1 1.1 1.0
1-2 0.9 1 1.0 1.0 0.9 1-2 0.9 1 1.1 1.1 1.0
,2 0.9 1 1.0 1.0 0.9 -2 0.9 1 1.1 1.1 1.0

Exposure rate from elliptical cylinder set

Exposure rate from circular cylinder set

SAngle between receptor-centerline shortest distance line and vertical

Jr-"-'' ".



3.2 Concentric Cylinder Set Exposure Rates

Each summation of the basic equation presented above yields a single exposure rate
value, scaled to values of unity for the following parameters: F, the exposure rate
constant; Q', the release rate; and D, the wind speed. To obtain corrected exposure
rates, it is necessary to multiply the exposure rate values from the curves by the
appropriate values of the factor FQ'/G.

Figure 3B shows typical relative ground-level exposure rates for increasing values of
the ratio a/a, which generally corresponds to increasing downwind distance for a
given set of conditions. This figure is provided as an aid to understanding, and is not
to be used in calculations. Figures 4 through 8 provide the basic uncorrected expo-
sure rate data to be used in calculations. The figures correspond to values of G/a
equal to 0.3, 0.5, 0.7, 1.1, and 1.9. FORTRAN summations used to obtain the data for
these figures indicate that the maximum exposure rate occurs for 0/a - 0.7, slightly
less than the maximum point indicated by differentiation of the dispersion equation,
0.707.

Tihe ranges of parameters included in Figures 4 through 8 are: 5 m < L < 360 m; E
0.2, 0.5, and 2.0 MeV, for a = 5, 20, 50, and 90 m; E = 0.5 MeV, for a = 10, 30, 40, 70,
120, and 150 m. All exposure rates are given in microroentgens per hour. Interpola-
tion between curves and figures may be necessary in some cases. Direct interpola-
tion is often acceptable; if a more sophisticated method is needed, the Lagrange
Interpolation Formula gives good results (13).

-
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3.3 Net Cylinder Set Procedure

The basic CCS equation applies only to that cylinder set that includes the receptor in
the plane of its base. However, the correction for other receptor locations is
straightforward (ref. 10, p. 369), and may be accomplished by use of a net cylinder
set procedure. The steps in the procedure are as follows:

(a) Obtain the exposure rate for a set extending from the plane of the far
base of the CCS to the parallel pinne including the receptor. The corre-
sponding exposure rate, from this total CCS, is denoted "R(T).

(b) Obtain the exposure rate for the CCS extending from th plane of the
near base of the CCS to the parallel plane including the receptor. The
corresponding exposure rate, from this subtrahend CCS, is denoted ER(S).

(c) Subtract ER(S) from Er(T) to obtain the exposure rate from the CCS
that is to be evaluated: i.e., the net CCS. This exposure rate is denoted
ER(N).

Values for correction factors, meteorological parameters, and geometric parameters
other than cylinder length should be those appropriate to the net CCS, for all three
sets used in the net cylinder set procedure. This is an exact calculation procedure,
not an approximation.

3.4 Application to Simple Plumes

The calculation procedure for exposure rates applicable to simple plumes is presented
in Table 4. The number of cylinder sets listed, including both total and subtrahend
sets, is sufficieni to represent any simple plume.

The radioactive decay factor, F, can be obtained by the relationsh.p F = exp (- x/0i),
with A the radioactive decay constant, s-1; x, the total path length traveled, m: and
6 the wind speed, m/s. The eccentricity correction factor, (, has been discussed
above. The air-ground interface scattered radiation correction, A, will be discussed
in detail in the discussion of irregular clouds. The correction used for simple plume'
is not as complicated. In general, a correction factor of 1.2 is conservative for any

% simple plume, but not overly conservative.

13
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4.0 IRRE(;ULAR CLOUDS

4.1 Itregular Cloud Applications

The estimation of doses from irregular clouds involves assumptions not required for
evaluating simple plumes (ref. 5, pp. 89-92). It is assumed that the source geometry
of any plume segment can be described by use of a plume trajectory model (14).
Segment parameters are therefore calculated as reflecting the plume segment path
history from release point to exposure of the receptor. Figure 9 shows plume seg-
ment path trajectories (Figure 9A) and calculated parameters corresponding to those
trajectories (Figure 913).

RELEASE
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Figure 1OA represents the source-receptor geometry of plume segments in an irregu-
lar cloud. Evaluations can be made by visually inspecting exposure rate curves for
(a) bending plume geometry effect, (b) correction for anisotropic diffusion, and
(c) variation in effective stack height. The effect of bending plume geometry is not
significant unless a plume changes direction sharply within a distance of the receptor
small enough that, for that plume segment, the relationship L 3 a holds. Even in this
case, the correction will generally be on the order of 10%. A conservative dose
estimate can be obtained by using overlapping plume segments in the calculational
model.

: --- L2-. ' - -, -

2 , /a ,"/

, RECEPTOR"

.... ... .....

20 P ''T &W::: :,It

,0 ......::. . . . . . . .. .

0 !,0 I1 W EO 1000 '1000Of ~B . [D), I S D I A IX [ ( m

. I IIIIC ). 1 echniqlIIc iicgil i pinle gcollelrN . (.\t I)ctermination or cylindei sce o len Il.
L, a.nd ocptc-u'clinc diNImIClC t. I]ot irncgula phlunc scglnlcllfs. (B) (alcul:Itl 0ol C Ilcc-
livo'"ldll k}hpCi lH 101I~vl~I I( l CJSe Illa1dC tllCI VMVy01l lloel l, l f d 1. ( i l~)ls

Crosswind anisotropic diffusion errors will be relatively small, and the portion of the
segment closest to the receptor may be used to assign a dispersion coefficient to the
entire segment without excessive conservatism. Variable stack height adjustments
can be made by using different values cf a for each plume segment, if necessary.

16



4.2 Calculation of Effective Parameters

Several input parameters applicable to irregular cloud volumes are calculated as
functions of the path length traveled by a particular volume or plume segment. The
total path length consists of a series of partial lengths, or traverses. The calculation
of parameters is based, in some cases, on distance-weighted averages, taken over the
sum of traverses, not the actual downwind distance of the recept-wr.

Figure 1013 illustrates the method of obtaining dispersion coefficient values; it in-
volves incrementing over the sum of traverses. Adjacent traverses with the same
meteorological stability type applying to them may be treated as one large traverse,
for this calculation only. It should be noted that the minimum value of C for a
particular traverse is equal to the maximum value for the nearest upwind traverse.
Equations used to calculate effective parameter values are presented below. In these
summations, the plume segment released last will have traveled the shortest distance
and will correspond to i =1, or some other minimum value of i. The earliest segment
released will correspond to i =n, or some other maximum value of i.

4.3 Equations Used to Calculate Effective Parameters

The following equations aire used to calculate the effective parameters that require a
technique more complicated than for evaluation of simple plumes. All equations
apply to the nth traverse of a plume segment, and therefore include summed values
froin the entire plume segment path history of that traverse.

n
Total path length, m: T, z

n
~7 (ui Xi)

Effective wind speed, m/s: n
n

n
, (w. X.

Effective wind direction W i

*D~etermines effective angle of segment centerline. Use
ainy angular units, but be consistent.
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n
Incremented dispersion coefficient, mn: 0T=Z ( ,~

with: x. = -x: and: u,,. i C,

Maximum postulated segment length, m: L n !S x n x n -I u n t

Definition of symbols:

x = distance from release point to a point downwind, m
X =length of a traverse, in
S =Gifford-Pasquill stability type, not a parameter
a = increment or sum of dispersion coefficient, in
u =wind speed, in/s
w =wind direction, angular units
x + =maximum downwind distance in a traverse, m

x-=minimum downwind distance in a traverse, m
t = length of time applicable to a plume segment (release period with constant

conditions), s
L =length of a plume segment, or CCS, m

4.4 Air-Ground Scatter Correction

The ratio of exposure rate at the air-ground interface to that expected in an infinite
medium can be estimated, for irregular clouds, by use of an "image" source technique
(15). Data presented below have been extracted from this published technique and
extrapolated to a wide range of energies using other published data (ref. 10, pp.
233-245). The technique is strictly meant to be applied only to point sources but is
applicable to small cloud volumes located some distance from the receptor. This
condition represents those cases in which the technique is needed, since estimates
made for large cloud volumes located closer to the receptor can be made sufficiently
accurate by using a simpler method applicable to simple plumes, such as assuming a
10% increase in the exposure rate.

To apply the technique, postulate an "image" source located at a position in the
ground medium equivalent geometrically to that of the real source (cloud volume) in
the air medium. Assume that the receptor is located on a plane parallel to that of
the air-ground interface. Refer to Figure 11. Let hl and h2 be the minimum dis-
tances from the receptor plane to the real and image sources, respectively. Let rl
and r2 be the distances from the receptor to the sources. Then the angle 'T Arcsin

(/r)is as shown in Figure 11.
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OUTLINE OFCYLINDER SET

I I POINT SOURCE

I I i i REPRESENTING SET

h,1

RECEPTOR

-- I~igii II . lin o ysiulcc

\

i -,A.. " MAGE" SOURCE

The ratio of interface-to-infinite medium exposure rates is designated tile air-ground
scatter correction factor, A. The basic formula for calculating A is:

(r 1 ) 2 (13  r 2r
.r 2  u (r 2)  2 t 2

A 1 1 2 S A +  e r - r 2)2 ~A 2 G(13t r )r 2  (13 ) r

*t where l r is the infinite medium exposure rate buildup factor, 1ir is the number of
mean free paths between so irce and receptor, and SA and S(; are "air" and "ground"
image source strengtllK, respectively. Values for these terms are given in Table 5.
Subscripts I and 2 in the formula refer to distances between receptor and real and
image sources, respectively.
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Taible 5. Paraneters SA and SG* of "Inage" Source Strength

Gamma 00 = 150 30' 4 6o
°  

90

Energy
(MeV) S A  S G  SA  S( S A  S1; SA St, S N S(;

0.20 0.51 0.00 0.29 0.26 0.22 0.23 0.11 0.27 0.13 0.22

0.50 0.50 0.00 0.27 0.15 0.20 0.20 0.13 0.1?0 0.11 ().19

0.66 0.49 0.00 0.26 0.14 (.19 0.18 0.12 ( . 11.11 ((17

1.00 0.49 0.02 0.23 0.12 0.16 0.14 0.1N 0.1-1 ).1l (1.13

1.25 0.49 0.03 0.22 0.12 0.13 0.12 0.10 0.12 (1 . I n.11

2.00 0.48 0.04 0.20 0. 09 0. 13 0.09 0.101 0.10 1l .5l '

* SA  and Si arc terms for "imago" sourec strcrl'th (rof. 15) for llir rl( d ', ,

butions, re.pectively.

For a receptor located at ground level, a simplification is possible, reducing the
calculation of A to the form below. To assist in calculations made with the image
source technique, attenuation parameters are given in Table 6. Altermtive refer-
ences may be used if desired. For a ground level teceptor, use:

\= I - (I -
-± --

0

Tahi e 6. ktlention 1'.1-:1 ;iIICIlcrs fr SCattcr (orrection

GH (.TrnIll- Attentlation [01 ( s to Hi1tl1li)i
) 

In(tor H. Ii r); r

lierg "ovffiien '
(M !1, Oi n-

1  
1} 111 20 [1] 41i m1 710 Ill 100 Ili 140I ni _100( ill

0.21 0.1. 1.55 2.11 3.1.22 4 .IT 6.-54 8.761 12.08

(.1 H 0.0112 1. 20 1.41 1.81 2.42 3.(( 1.34 3.i

(0.66 (.0099 1 .1t 1.32 .64 2. 12 2. il 3.25 4. 21

(,1 (0.082 1. 1 1.21 (.42 1.74 2. 11 2.47 3. 11)

1.2 ((.11(7: 1 . 119 I .17 1.34 1. 59 1 .81 .I9 62. 9

2,1)0 I), ( -:7 I , 5 I . I () 1 . 21) I . ,i6 I . 1 1 . 1 2.I2

Ilterpoln Ii m I, ti-~ied for Ilm crrf(iot villv il r, r viithi, -,I H l fr.Ir In IiDt FIr I r lfr-
elceCS "iv l I - W lnW lt .l

2)



5.0 VARIABLE RELEASES: CALCULATION EXAMPLE

5.1 Background Information

Postulate a release made over a period of 50 s with a constant release rate and
variable meteorological conditions, as shown in Table 7. For calculation purposes,
the release is arbitrarily divided into ten plume segments, with each corresponding to
a parcel of gases released during a 5-s interval.

A gamma level exposure rate estimate is taken at 5 s after the end of release for a
location 100 in from the release point and directly south (1800) of it. The elevations
of release point and receptor correspond to a physical stack height of 20 m.

The effective stack height for the various stability types can be calculated by use of
the following: II = (20 + k/u) m, with u the wind speed in in/s and k a constant
corresponding to stability, with values of 8 for type B conditions, 4 for type C, and
1.2 for type D. The wind speed and direction assigned to a plume segment are for the
period between release and dose estimation.

5.2 Plume Segment Parameters

Using the procedure described previously, calculate geometric and other parameters
for each of the ten segments. Geometric parameters less directly related to
meteorological conditions are listed in Table 8. Among the parameters calculated for
"ables 7 and 8 are: (a) incremented T, disporsion coefficient; (b) effective w, wind
direction; (c) effective u, wind speed; (d) II, effective stack height; (e) x, plume
segment downwind distance; (f) y, receptor-centerline horizontal distance; (g) a,
receptor-centerline distance; (h) LTp, LS , and LN--the total, subtrahend, and net
cylinder set lengths, respectively; and (i) the ratio of o to a.

[he length of a subtrahend CCS is taken as the smallest difference between the
downwind distances of the receptor and the CCS. In this example. the relationship
used to calculate x is: x i = cos Wi "ZXi" The horizontal reeeptor-centerline distance,
y, is taken at the receptor location, not that corresponding to the CCS. In 1his
example, yi - sin Wi " 100.

5.3 Calculation Specifications

Inspection of the data in Table 8 and reference to the CCS mnethodJ permit the use of
the following assumptions: (a) If radioactive decay is insigrificant, the contribution
from segments 7-10 can be ignored without underestimating the exposure rate by
more than about 5%. This nsumption requires the evaluation of both I x i - 100 j and
a. (b) For all cloud gamma (Jose equations of the types estimated by the 'CS
method, the exposure rate for all at, ().35 can be taken as equal to that for c/a =
0.35. (c) In this example it was assumed that E - 0.5 MeV, - 0.4 R - rn 2 /Ci - h,
and Q'. the release rate, is 0.3 mCi/s. (d) Correction factors, V, A, and C, are taken
-,s a product equal to 1.0. Based on the above assumptions, the correction and scaling
factor for a plume segment is equal to 0.12/0, and represents the product
1' 1. c/b. Table 9 summarizes the exposure rate calculation parameters.
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Table S. Geometric Par.'meters of Plume ScgOnen

Plume.' Snwnt Number

1 2 :1 4 5 l 7 t8 54I[

)ownwIid Dll.tlnce (X .In 133 143 128 1019 9J l. 2 .,, 25 III

lforc t. H-(" :?I. 17 17 i 216 :1 3 1 . 2(1

H -C )l U1e-" W.,). m 29 2"1 i .11. .19 29 24,

Sl1 rillIv J. 1. i1 73 4:1 2 14 " 4S ; T

II,, ] ,, +I 1 20 1- 2-
,  

1 2 n 1,1 1+ 10

i{ititill, r lo t , 1.49 1) . V 1).41 11 .. l . I. 1. 14 (1. 1 0. 1 I I I,-

Table 9. (alculation ol L\posure RaC

CCS Lengths, in j Scaled Exp. Rate, pR/h
Plume Seg- Ratio. I Corr.* Corrected
ment No. ,a L1  S  a, m E R(T) ER(S) tR(N) Factor E.R., pR/h

1 0.49 63 53 29 53 51 2 0.060 0.12

2 0.46 58 4:3 27 54 50 4 0.046 0.19

3 0.41 48 28 27 48 38 10 0.050 0.50

4 0.37 24 9 27 33 15 18 0.040 0.72

5 0.31 32 7 28 38 13 25 0.040 1.00

6 0.30 48 33 38 30 25 5 0.034 0.17

2.70

5.4 Lxpostle Rate lFstimate

\ su1tmi 1g that the totlI exposure rate is about 5',, greater tha1 that obtained from
the 1,m111 in lable 9, the correct exposure rate can be taken as about 2.85 i Il/h. From
this. tile imi[111110 expected unrestricted area exposure rate canl be taken as not
more tin 5 2 "t, ' reater than the above vlue, corresponding to a location at which

a - I.7. lhe nuaximu 11 exposure ra te is therefore est in1ated ils about 3.55 p It lh,
:,t,(1 thle, total exposure from the 50-s release is less than 0.05 u It. Note that the 25",
;tlption is vilid only for short downwind distances; at Very great distances (e.g..

,more thwri 500 [). this nisutp t ion ua ight lend to an tunderesti l3te of maxillum expo-
sure rate.
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SUMMARY

The concentric cylinder set (CCS) cloud gamma dose model has been developed to
estimate external gamma doses from elevated radioactive clouds. The primary appli-
cation of this model is for stack releases by small radiological research facilities,
including release during changing meteorological conditions or over irregular terrain.

The CCS model is applied with elementary calculation procedures, using only the
tables and working curves included here. Calculation procedures are provided for
dose estimates based on simple plumes and irregular clouds. Sample calculations are
provided for evaluating doses from irregular clouds.

The CCS model has been compared to both published models, where the latter could
be applied, and field measurements have been made during stack releases of argon-
41, with satisfactory results. CCS model dose estimates provide substantial informa-
tion on environmental surveillance for a wide range of release conditions, with little
expenditure of time or money.

REFERENCES

1. Slade, D. Hf., ed. Meteorology and Atomic Energy: 1968. U.S. Atomic Energy
Commission, Washington, D.C., 1968.

2. Martin, J. A. and Nelson, C. B. Calculations of dose and general population
dose in the general environment due to boiling-water nuclear power radionu-
clide emissions in the U.S.A. in 1971. In: IAEA Symposium: Physical Behavior
of Radioactive Contaminants in the Atmosphere. Vienna, 1974, paper no. 32.

3. Hoffman, F. 0., Miller, C. W., Schaeffer, D. L., and Garten, C. T., Jr. Compu-
ter codes for the assessment of radionuclides released to the environment.
Nuclear Safety 18(3): 343-354, 1977.

4. Van der Hoven, J. and Gammill, IN. P. A survey of programs for radiological
dose computation. Nuclear Safety 10(6): 513-521, 1969.

5. Arras, J. M. A near-distance gamma dose model for finite radioactive clouds of
varying concentration. Catholic University of America (Dissertation), Washing-

" ton, D.C., 1978.

6. %\illis, C. A. Graphs for estimating cloud gamma doses. McDonnell-Douglas
Aeronautics Company, W estern Division, Huntington Beach, California, 1969,

* paper no. 10046.

7. Bureau of Radiological lHealth. Radiological Health Handbook. U.S. Depart-
ment of Health, Education. qnd Welfare, Rockville, Maryland, 1970, pp.
231-380.

8. Gifford, F. A. Atmospheric dispersion calculations using the generalized Gaus-
sian plume model. Nuclear Safety 2(4): 47-57, 1961.

24



9. lledemann, J. P. Comparison of mathematical models for calculation of exter-
nal dose originating from releases of radioactivity to the atmosphere. Danish
A. E. C., Risoe, Denmark, 1974, RISO-M-1726 (in Danish).

10. Jaeger, R. G., ed. Engineering Compendium on Radiation Shielding. Vol. 1:
Fundamentals and Methods. Springer-Verlag, New York, 1968.

11. (Cifford, F. A. Turbulent diffusion-typing schemes: A review. Nuclear Safety
17(l): 68-86, 1976.

12. (Gifford, F. A. Use of routine meteorological observations for estimating

atmospheric dispersion. Nuclear Safety 2(2): 56-59, 1960.

13. )avis, D. S. Nomography and Empirical Equations. Reinhold, New York, 1962,
pp. 89-90.

14. Stern, A. C. Air Pollution, 2nd Edition. Academic Press, New York, 1968,
pp. 206-207.

15. Eisenhauer, C. Gamma radiation fluxes near a ground-air interface using an
image source technique. Nuclear Science and Engineering 32: 166-177, 1968.

i: i

Dr. Arras' present address is Code 354, Bldg 235, National Bureau of Standards,

washington, I).C. 20234.

25

'_7 -A -_7



I


