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Abstract The Lagrangian pufl-models are widely used for calculation of the
dispersion of atmospheric releases. Basic output from such models are
concentrations of material in the air and on the ground. The most simple method
for calculation of the gamma dose from the concentration of airbome activity is
based on semi-infinite cloud model. This method is however only applicable for
points far away from the release point. The exact calculation of the cloud dose

The volume integral for the gamma dose could be approximated by using the
semi-infinite cloud model combined with comection factors. This type of
calculation procedure is very fast, but usually the accuracy is poor due to the fact
that the same correction factors are used for all isotopes.

The authors describe a more elaborate comrection method This method uses
precalculated values of the gamma-dose rate as a function of the pufl dispersion
parameter (6,) and the distance from the pufl centre for four energy groups. The
release of encrgy for each radionuclide in each energy group has been calculated
and tabulaied. Based on these tables and a suitable interpolation procedure the
calculation of gamma doses takes very short time and is almost independent of
the number of radionuclides.
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1 Introduction

The mesoscale dispersion model RIMPUFF (Thykier-Nielsen and Mikkelsen,
1987) is a fast and operational computer code suitable for real-lime simmlation of
dispersion esvironmentally hazardous materials and gases released 10 the
atmosphere. Suitable as a real-lime model for emergency preparedness, it has
recently been selected for inclusion in the CEC RODQOS, real time decision
sappont sysiem under development at KIK.

RIMPUFF includes models for calculating external gamma-doses from air-borne
as well as deposited radioactivity. In order 0 improve these, very simple, models
KFKI AERI and Risp has started 2 joint project supported by the CEC. The first
results are reported below.

2 Risg Puff Diffusion Model

The mesoscale dispersion model RIMPUFF applies 0 non-homogeneous termin
and moderate topography on a horizontal scale of 0 0 50 km, and responds to
changing (instationary) meteorological conditions. The Lagrangian puff-model
simulates time changing continuous releases by sequentially releasing a series of
Gaussian shaped pufls at fixed release rate on a specified grid. The amount of
radivactive material allocated to individual pufls equals the release rate times the
elapsed time between pull releases.

RIMPUFF is equipped with computer time effective features for termain and
stability-dependent dispersion parametrization, plume rise formulas, inversion and
ground-level reflection capabilities and wet/dsy (source) depletion. In addition, the
code optionally provides local relative diffusion parametrization and scheme for
horizontal/vertical shear diffusion.

When applied to orographically influenced dispersion scenarios, RIMPUFF is
advantageously interfaced with a bigh resolution flow-model such as
LINCOM. This enables the model to treat plume bifurcation in complex terrain by
use of the pufl pentafurcation scheme.

3 Present Gamma-Dose Model

The present gamma-dose model used in RIMPUFF is based on the semi-infinite
cloud model with commection factors given in (Slade, 1968). The model starts by
cakulaling the concentration X (0,0,0) in the center of each puff and the
distance, R, from the puff-center to each grid point.

The gamma-dose rate in grid point is then calculated using formula:

d, = TAE)E, 0.2292 GKOR(G.RIS)GKORI(0.E,) X, {0.00)
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where

AE) frequency of photons in entrgy growp
E, mean encrgy of gamwna radiation m encrgy growp [MeV)
GKOR(c Ric) comection factor for variation of doses with distance and
dispersion parameter from fig- 7.14 in (Slade, 1968).
GKORI (o .E) correction factor for variation of doses with photon emergy
from fig. 7.16 in (Slade, 1968). This factor is
> 1 for E, < 0.7 MeV ad
<1 for E, > 0.7 MeV.

[ dispersion parameter, where
G¥0,0,
X, g 0.00) activity concentration in pulf center [Cvim’).

4 Calculation Method for Gamma
Dose Rates from Spherical Puffs

The gamma-dose rate cakulation method described above is based on the
cylindrical plume model. For a puff model the use of a semi-infinite clowd mode!
may lead to large errors. Therefore we have implemented a method for calculation
of gamma-dose raies based on 2 spherical pufl model. This method is described in
detail below.

The gamma dose rate for a sphesical pufl using volume integral at point R is
equal to

a0 o ko £, [ [ [ ZE)e ~Xixyaruints - Gotsec
seliysige—ve

activity in one pufl {Bq] with 1 photon/disintegration

energy of gamma radiation (MeV]

puiT parameter [m], 0, = (6, 0,)"”

distance of the puff cenler (x=y=2=0) from the receptor point [m)
constant, 1.6-10" [Gy/sec/MeV/g)

energy absorption coefficient for air (m?/kg)

build up factor

linear auenuation factor for air (m')

distance of the volume dxdydz from the receptor point located at
the distance R from the puff center

P =x'+y + @4+R)

X(x.y2) the concentration in point x,y,z [Bg/m’]

S wa RN MO g
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. Q ’?
Xiry2)s——exp(-.
x)c} R‘)

distance of the point x.y.z from the pufl cemter (m],
PFax+y+2

Calculations were m-*¢ using the following set of asmerical data:

1E, (m this case 5; 2; | and 0.5 Bq respectively)

02, 05; 1 and 2 MeV

Capo polynomials and Risp data for energy 0.2 MeV from (Jeasea and
Thykier-Nicisen, 1980)

range 2 - 5000 m (11 valees)

range O - 1000 (17 valwes)

data of (Storm 1967) reproduced in (Lawridsen, 1982)

for air data imterpolased from (Thykier, 1978). The semerical values ase:
0.2 MeV - 1.60 -10?

0.5 MeV - 1.14 - 107

1.0 MeV - 830 - 10?

20MeV -570-10"m"

-.a.s,n Mo

The other valwes were chosen so that the total eor of the calculations is
minimized. Special stiention was paid 10 the values of the volume integral close
10 the recepior point r. For B owtside the of range of approximsation, the last
acceptable value hay been used in each case. The mfinite clowd model was wsed
for large G, (wswally above 500m) where it gives more reliable dma thm the

It is assumed that the ground swrface is totally reflecting. This is taken in 0
account by modelling the pufT as a perfect sphere, which is "folded™ a1 the ground
surface, as shown in fig. 1. The implication of this model is that dee 10 Symsmetry
both the semi-infiite (with reflection) and the infinite (without ground reflection)
pull ganuma dose model give the same gamma-dose rate al ground level,

Spherical Puft

LR L

% o
e

Figure 1. Reflection of Puff a1 Ground Level.
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The results of cakulations are given in tables 14 for cnergies 0.2. 0.5 | and 2
MeV. Tabie 5 contains data for the sci-infmite (infinise) clowd model. On fig 2.
the dose cuasiants are given as 2 fenction of distance from the pull cemter for
differest G, valucs af gamwna-cncrgy 2 MceV. For comparison the iafmisc clowd
model curve is abo shown for 6,=10 m. The infinite cloud model overestimates
the gamuna dose for small values of R and ¢ wnderestimates the doses for large
values of R.

Fig. 3 illustrates the spatial distribution of duse rases for two diflerent emergies.
Close 10 the pull cemter the dose rase decreases with increasing encrgy. Al large
distances from the pufl center the sitsation is the opposse. Fig. 4. shows the dose
e as a fenction of ¢, for diffcrest R valwes. R showld be noticed that the
maximem dose raies are oblained for R equal 10 twice the value of 0,. The doned
linc indicaics the dosc rates calculated by the semi-infimite clowd model.

Oafig. 5 the ratio of infinite clowd model values 10 namerical integration valwes
are shown as a function of @, for 4 valwes of R/o, al 0.2 and 2 MeV. Ratio > |
for these two modcls can be fowad above G, between 200 and 1000 m. A past of
the imcrease of the ratio al large o, is caused by the extrapolation of B omt of its
validity range. Consequently the scmi-infinite model dose constants are wsed i all
tables and figures for G, exceeding the aflorementioned valwes.

Based on the data given in tables 1-5 the gasma-dose rase can be calculated. In
these tables the Jogarithms of dose rates in Gy/s are given for | MeV release m
the pufl as a function of 0, and the ratio R/c, When the activity of different
radivewclides in a pull s known then the simplest method is 10 divide the ganuna
energies of different gamma-radiation lines into several growps.

An cxample of the division in 10 energy growps is:

growp | E S 035 MeV
growp 2 0.35 MeV < E S0.75 MeV
growp3 0.75 MeV <ES 1S5S MeV
gowp4d 1S MeV <E

For exch radionuclide the library must contain the energy release rate (MeV/s)
for unit activity in cach encrgy group. Using the library, the pufl inventory and
the dispersion parameter the dose rate for each energy group can be calculated for
a given distance R from the puff center. For values not given in tables | - 4 atwo
dimensional lincar or logasithmic intespolation must be castied out. The full cloud
gamma dose-rate is the sum of dose rates from the four energy groups.

The energy emission data for 22 nuclides (mainly fission products) typically
released into the atmosphere are given in table 6.

Risp-R-692(EN)



S Comparison of Spherical and
Cylindrical Models

Based om data given in tables 1 - 4 2 compwison with Slade's figures has been
carricd out. In fig. 6 the Slade’s figwee 7.14 is reproduced (contimsous line). In the
samne figwre the results for spherical model are also showa (dowed kne). For ssmall
reiative y (given in ¢ wnits) and large ¢ values the difference between the resalls
of two models is insignificant, but for other cases it cam reach a facsor of S aad i
some combinations cvea more. Samaller differences can be found ia fig. 7 (equal
w fig 7.16 in Slade) for energy dependence.

The method given in paragraph 3 may also be wsed for creating a database for
e spherical model. In table 7 the numerical values of the correction factor are
given for 6 valwes of G, and y (im the present puper it is equal © X) and for 4
energies. For aay combination of parameters a switable imtespolation method could
be set-wp W yield comrection factors for the modified sewmi-infimite clowd
calculation procedure preseatly wsed in the RIMPUFF model.

6 Conclusions

The method described will significanly improve the procedwre for calculation of
the ganma-radiation doses from puffs. The main lmitation of the method
described is that it is, stricily speaking, only applicable w0 spherical pufls. For
puils where there are significast differences between the values of o, and o,, this
could Jead 1o large ervors. For some combinations of G-valees and recepior poist
Jocations, the method described will lead 10 either wader- or over-estimation of the
gamma-doses.

The gamem dose model for asymmetrical puffs will bs developed within the
framework of a the CEC RODOS contract in co-operation between Risp and
AERL

Risp-R-692(EN)
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Figure 2. Normalized dose rates in Gyls for E, = 2 MeV as a function of disiance
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Figuse 4. Normalized dose rates in Gyls for E, = 2 MéV as a function of O,
values a1 several distances R. The semi-infinite model results are also shown for
Jour distances R.
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Figure 5. The ratio of infinite cloud model values 1o numerical integration values
as a function of ©, for 4 values of Ric, at 0.2 and 2 MeV.
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500 1000 2000
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Figure 6. Ratio of gamma dose rates to puff center dose rate for several distances
as function of o-values. Continuous line - afier (Slade, 1968), dotted line - recent
calculations for spherical puffs.
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Table 3. Logarithms of normalized dose rates in Gyls for E, = 1.0 MeV

R/c —Sdm]
2 5 10 20 50 100 200 500 1000 2000 5000

0 -17.07 -17.87 -1847 -19.07 -19.89 -20.53 -21.23 -22.20 -23.10 -24.00 -25.20
0.2 -17.08 -17.87 -18.47 -19.08 -19.89 -20.53 -21.24 -22.21 -23.11 -24.01 -25.21
04 -17.09 -17.89 -18.49 -19.10 -19.91 -20.55 -21.26 -22.23 -23.14 -24.04 -25.23
0.6 -17.12 -17.92 -18.52 -19.12 -19.94 -20.59 -21.29 -22.28 -23.18 -24.08 -25.28
038 -17.16 -12.95 -13.56 -19.16 -19.98 -20.63 -21.34 -22.34 -23.4 -24.14 -28.34

1 -17.21 -18.00 -18.61 -19.21 -20.03 -20.68 -21.40 -2241 -23.32 -24.22 -25.41 |
13 -17.30 -18.09 -18.70 -19.30 -20.12 -20.79 -21.52 -22.56 -23.47 -24.37 2556 |
1.6 -17.40 -18.20 -18.80 -1941 -20.24 -2091 -21.66 -22.75 -23.66 -24.56 -25.75
2 -17.56 -18.35 -18.96 -19.57 -20.40 -21.10 -21.90 -23.07 -23.97 -24.87 2607 |
3 -17.94 -18.74 -19.34 -19.96 -20.85 -21.64 -22.62 -24.15 -25.08 -25.96 -27.15
s -18.44 -19.24 -19.85 -20.50 -21.52 -22.61 -24.21 -26.7

7 -18.74 -19.55 -20.17 -20.86 -22.04 -23.44 -25.72

10 -19.06 -19.87 -20.52 -21.28 -22.72 -24.61 -27.94 «n
30 -20.04 -20.95 -21.84 -23.17 -26.60

100 218 2275 -22.75 -24.75 -28.48

300 2317 | 2663
1000 | 2849 ﬁ
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Table 5. Logarithms of mormalized dose rates in Gyls for semi-infinite cloud model

AL
Rl 2 5 10 20 50 100 200 500 1000 2000 $000
0 -15.00 -16.20 -17.10 -18.00 -19.20 -20,10 -21.00 -22.20 -23.10 -24.00 -25.20
0.2 -15.01 -16.21 -17.11 -i8.01 -19.21 -20.11 -21.01 -22.21 -23.11 -24.01 -25.21
04 -15.04 -16.23 -17.14 -18,04 -19.23 -20.14 -21.04 -22.23 -23.14 -24.04 -25.23
0.6 -15.08 -16.28 -17.18 -18.08 -19.28 -20.18 -21.08 -22.28 -23.18 -24.08 -25.28
038 -15.14 -16.34 -17.24 -18.14 -19.4 -20.24 -21.14 -22.34 -23.24 -24.14 -25.34
1 -15.22 -1641 -17.32 -18.22 -19.41 -20.32 -21.22 -22.41 -23.32 -24.22 -25.41
1.3 -15.37 -16.56 -17.47 -18.37 -19.56 -20.47 -21.37 -22.56 -23.47 -24.37 -25.56
1.6 -15.56 -16.75 -17.66 -18.56 -19.75 -20.66 -21.56 -22.75 -23.66 -24.56 -28.7%
2 -15.87 -172.07 -17.97 -18.87 -20.07 -20.97 -21.87 -23.07 -23.97 -24 .87 -26.07
3 -16.96 -18.15 -19.05 -19.96 -21.15 -22.05 -22.96 -24.15 -25.08 -25.96 -27.18
S -20.43 -21.63 -22.53 -23.43 -24.63 -25.53 -26.43 -27.63 -28.53 -29.43 -30.63
7 -25.64 -26.84 -21.74 -28.64 -29.84 -30.74 -31.64 -32.84 -33.74 -34,64 -35.84
10
30
100
300
1000




Table 6. The energy emission data for 22 nuclides typically released into atmospiere

Nuclide Energy in MeV/decay for group
1 2 3 4 5
“Ar 0 0 1.283+0 0 1.283
YeKr 0 0 0 0 1.561-1
"Kr 0 2.140-1 9.364-2 4.632-1 7.709-1
"Kr 5.704-2 1.572:2 2.166-1 161940 1.908
"Rb 0 0 114540 7.430-1 1.888
YNb 0 0 7.658-1 0 7.658-1
epg 0 9.302-1 1.593+0 2.157-1 2739
by 2.060-2 3.585-1 0 0 3.791-1
biXe 2.00-2 0 0 0 2.00-2
by 0 1.01340 115240 5.639-2 2222
Pore 23131 0 0 0 23131
my 0 4.848-1 1.096-1 0 5.944-1
wXe 4.600-2 0 0 0 4.62
Daye 4.070-2 0 0 0 4.07-2
s 0 7.322:1 8.226-1 0 1.555
"‘1 1.466-2 3.320-1 1.896+0 0 2.243
9y 0 6.645-2 9.910-1 4.743-1 1.532
l  xe 2.256-1 1990-2 0 0 2.455-1
| exe 0 4.276-1 0 0 4.276-1
P’Cs 0 5.627-1 0 0 5.627-1
Xe 0 1.367-1 7.227-3 6.955-3 1.508-1
L_Xe [ _toozt | 12861 | 50602 | 79911 L
group 1 E £0.35 MeV

group 2 0.35 MeV < E < 0.75 MeV
group 3 0.75 MeV<E<S .5 MeV
group4 1.5 MeV<E

group § total energy

Risp-R-692(EN)



22

Table 7. Modified correction factors for {Slade, 1968]
R=0
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Table 7. (continuation)

R=20
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Table 7. (continmstion)

R=40
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