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1.
GENERAL

GUIDE YVL 7.3 2

The dispersion of radioactive substances from nuclear power
plants to the environment shall be evaluated by means of
dispersion models. During normal operation, the evaluation
ef dispersion forrns a part of the dose calculations based
on rneasurements of releases. 1n case of accidents, there
shall he preparedness for quick evaluation of the disper-
sion of gaseous effluents to form a basis for the protec-
tion of the population. 1n the licensing phase, the eva-
luation of dispersion shall be made in connection with
the analysing of accidents that are used as a design basis.

2.
SCOPE

This guide provides general guidelines for evaluating the
dispersion of radioactive gaseous and liquid effluents
to the environrnent under the operating conditions of nuc-
lear power plants. 1n additian, this guide presents the
assumptians that are made af the dispersion af radioactive
gaseous effIuents for the analysis ef the accident cendi-
tions of the nuclear power pIant, and general guidelines
applied in dispersion graphs prepared for the accident
conditions ef the nuclear power pIant.

3.
EVALUAT10N OF ATMOSPHER1C DISPERS10N OF GASEOUS EFFLUENTS RELEASED
FROM NUCLEAR POWER PLANTS UNDER OPERATING COND1T10NS

Knowledge ef the release data and meteorological dispersion
conditions i5 necessary for evaluating the atmospheric
dispersion of gaseous effluents.

The release data include the amounts, characteristics and
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effective re1ease heights of airborne radioactive efflu-
ents. Downwash and plume rise are taken into account when
determining the effective release height. The effect of
the vertical exit velocity and temperature of the plume
can be considered when the plume rise is calculated.

The necessary meteorological dispersion data comprise wind
speed and direction and atmospheric stabi1ity class which
are given by meteorological stations. Wind speed at levels
where no measurements are conducted can be calculated.
The atmospheric stability class is primarily determined
by means af weather mast observatians on the basis af ver-
tical temperature difference and wind speed (Appendix 1)
and secondarily only an the basis af vertical temperature
difference (Appendix 2). The vertica1 temperature diffe-
rence shall be measured at levels that are as representati-
ve as possible. If weather mast abservations are tempora-
rily missing, wind speed and directian and the stability
c1ass can be determined by means af ground-leve1 observa-
tions at nearby meteorological stations. The stability
class should be determined using the Pasquill-classifica-
tien. The values of dispersion parameters (~y' 6z) carres-
panding with the various stability classes, shall be cor-
rected in respect af surface roughness. In addition, the
presence af potential inversion layers shall be considered
when determining values for vertica1 plume spread parame-
ters.

The concentratians af radioactive substances and further,
the radiatian doses caused by them at the distance under
investigation can be calculated on the basis af the release
and dispersion data, using mathematical mode1s as an aid.
1n general, the depletion of concentrations of radioactive
substances in the air due to rainfall or deposition to
the ground is not considered at short distances. Farther
away. their effecct may be taken into account.



INSTITUTE OF RADIATION PROTECTION GUIDE YVL 7.3 4

During the eonstruction permit review, the long-term obser-
vations of nearby meteorological stations can serve as
rneteorological data in the description of atmospheric dis-
persion of gaseous effluents.

During operating lieense review and operation, the results
obtained through the onsite meteorologieal programme are
used as meteorologieal conditions in depieting the atmos-
pherie dispersion of gaseous effluents when ealeulating
radiation doses to the eritieal group. In ealculating col-
lective doses. it is recommended that observations of more
distant meteorological stations be used as well, beeause
changes in meteorological parameters may be significant
especially on the eoast, in the transition area between
a water body and mainland. Meteorologieal observations
are eol1ected in periods of a menth, three menths, a gra-
zing season and a calendar year (ef. Guide YVL 7.5). OnIy
the data used for ealculating radiation doses are repor-
ted. In addition, abnormal releases including prevailing
dispersion eonditions and indueed radiation doses are re-
ported separately (ef. Guide YVL 7.8).

4.
EVALUATION OF AQUATIC DISPERSION OF LIQUID EFFLUENTS RELEASED FROM
NUCLEAR POWER PLANTS UNDER OPERATING CONDITIONS

The release data include amounts and charaeteristies of
radioaetive effluents in liquid form, flow rates and tempe-
ratures ef cooling water, and structures in the release
point.

The dispersion of radioactive substanees in the diseharge
water body is affected by streams that are either natural
or induced by the operation of the plant, turbulent mixing
ef water, location of the discharge point, size and geo-
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metry ef the discharge water body, forms ef the bottom,
recirculation ef cooling water, sedimentation, and resus-
pension. Alsa radioactive decay can be taken into account.

The concentrations ef radioactive substances and further,
the radiation doses caused by them at the distance under
investigation can be evaluated on the basis ef the release
and dispersion data.

During the construction permit review, a conservative dis-
persian made! applicable te the discharge water body can
be used io depicting the dispersion ef radioactive liquid
effluents.

A conservative dispersion madel applicable te the dischar-
ge water body can alaa be used in depicting the dispersion
ef radioactive liquid effluents during operating license
review and operation. As far as possible, this model
should be compared with the results obtained from the hyd-
rographic measurements of the discharge water body (flow
measurements, variations in water level, recirculation
etc.). The dispersion data used in ealculating radiation
doses shall also be reported. In addition, abnormal re-
leases including prevailing dispersion eonditions and indu-
eed radiation doses are reported separately (ef. Guide
YVL 7.8).

5.

EVALUATION OF A'rMOSPHERIC DISPERSION OF GASEOUS EFFLUENTS RELEASED

FROM NUCLEAR POWER PLANTS UNDER ACCIDENT CONDITIONS

5.1

Evaluation of dispersion in the assessment of a design-basis acci-
dent

The appendix af Guide YVL 7.1 presents the assumptions
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that are made for the release of radioactive gaseous eff-
luents ta the environment in a design-basis LOeA. As con-
cerns other types of accident, assumptions for the disper-
sion can be made in the same way. The effective release
height shal1 be determined separate1y for each power
p1ant. Potentia1 downwash sha11 be taken into account.
The dep1etion of concentratians af radioactive substances
in the air due to rainfa1} or deposition to the ground
is not cansidered when ca1culating dases at the baundary
af the p1ant site. When calculating callective doses.
their effect may be taken into account.

In the analysis of a design-basis accident, the fol1owing
assumptions sha11 be made coneerning dispersion eonditi-
ons: Diffusion faetors are ealeulated as in Regulatory
Guides 1.3 and 1.4. Weather elasses are Pasquill classes.

Releases from the effeetive height of the stack

Time following
accident
O.•• 8h

8 ••. 24h

Dispersion eonditions

The diffusion factors X/Q (s/m3) are
obtained from the curves of Figure la
in Appendi x 3 as functions of the distan-
ce x (m) from the release point at va-
rious effective release heights h (m).
The wind speed u is 1 mls and its direc-
tion is canstant.

The diffusion factors are obtained from
the curves af Figure lb in Appendix 3
as functions af the distance at various
release heights. The wind speed i5 lm/s
and its direction varies within a sector
af 300.
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1. ••4 d

4 ••. 30 d

The diffusion factors are obtained from
the curves of Figure lc in Appendix 3
as functions of the distance at various
rel ease hei ght s. The foll owi ng di sper-
sion conditions are used to express maxi-
mum concentrations at different distan-
ces:

1 40% A and 60% C,
2 50% C and 50% D,
3 33.3% C, 33.3% D and 33.3% E,
4 33.3% D, 33.3% E and 33.3% F,
5 50% D and 50% F,
6 100% F.

The wind speed 1n classes A, B, E and
F is 2 m/s and in classes C and D 3 m/s.
The wind direction varies within a sector
of 300•

The dispersion factors are obtained from
the curves of Figure ld in Appendix 3
as functions of the distance at various
release heights. The dispersion condi-
tions are the same as above with the
exception that the wind direction is
within a sector of 300 for 33.3% of the
time.

Releases at ground level

Figure 2 in Appendix 3 shows the corrections to be made
to the concentrations 0 •••8 h after the accident as func-
tians of the di5tance at variaus cross-sectional areas
A af the reactor building. The reasan for this i5 the
turbulence caused by the reactor building.
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Time foll owi og
accident
O••• 8h

8 ••• 24 h

1. .• 4 d

4 •.. 30d

Dispersion conditions

Class F, wind speed l m/s and wind direc-
tion constant.

Class F, wind spped 1 m/s and wind direc-
tion varies within a sector of 300.

Class F, wind speed 2 m/s and wind direc-
tion varies within a sector of 300.

40% D and 60% F, wind speed in class
D 3 m/s and in class F 2 m/s and wind
direction within a sector of 300 for
33.3% of the time.

Figures 3a and 3b io Appendix 3 show the diffusion factors
as functions of the distance.

5.2
Preparations to be made for evaluating dispersion in accident
condi tions

Dispersion graphs shall be prepared in case of accident
conditions at nuclear power plants. The dispersion graphs
shall extend up to a distance of about 50 km, but at the
same time no great population centre shall be left in the
vicinity of the area under survey. The dispersion graphs
are prepared for 2 •.. 3 typical release heights, for four
wind speed classes and at least for four stability levels,
for instance for the following combinations of stability
class: A •.. B, C ••. D, E ... F ...G, and C ..•D in the raino
Inaccuracies in the direction af the dispersion should
alsa be taken into account.

In accident conditions. data obtained from the onsite me-
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teorologica1 programme are placed io the dispersion gra-
phs. The effeetive release height is a1ways assessed sepa-
rately in each case. If there is no dispersion graph for
a certain release height, an effort shal1 be made to eva-
luate the results on the basis of dispersion graphs prepa-
red for adjacent release heights. Wind speed at heights
where no measurements are conducted can be ealcu1ated.
The stability c1ass is primarily determined by means of
vertical temperature differenee and wind speed (ef. Appen-
dix 1). The dep1etion of eoneentrations of radioactive
substanees due te deposition ta the ground is net conside-
red at short distances. The effect of rainfa11 ean be
taken into aeeount a1so at short distances.

Besides dispersion graphs, also an evaluation method based
on automatic data processing can be used.

6.
RECOMMENDATIONS, REFERENCES

Methods for Estimating Atmospheric Transport and Dispersion
of Gaseous Effluents io Routine Release from Light-Water-
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Iatory Commission, Revision 1, July 1977.

Estimating Aquatic Dispersion of Eff1uents from Accidental
and Routine Reactor Releases for the Purpose ef Impe1emen-
ting Appendix I, Regulatory Guide 1.113, D.S. Nuclear Regu-
latory Commission, Revision 1, April 1977.

G. Nordlund, A-L. Riekkinen and B. Tamme1in, Pasquill-tyyp-
pinen ilman epäpuhtauksien leviämisma11i (Pasquill-Type
Dispersion Model for Atrnespheric Impurities), Bul1etin
No. 31, Institute of Meteorology, 1976.

Atrnospheric Dispersion io Nuclear Power Plaot Siting, Safe-
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Consequences of a Loss-of-Coolant Accident for Boiling
Water Reactors, Regulatory Guide 1.3, V.S. Atomic Energy
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Assumptions Used for Evaluating the Potential Radiological
Consequences af a Loss-of-Coolant Accident for Pressurized
Water Reactors, Regulatory Guide 1.4, U.S. Atomic Energy
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Stability classification based on vert_ical ternperature change and wind speed
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Stability cl,::tssification based on vertical temperature
change
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FIGURE 2. CORRECTION FACTOR THAT DEPENDS ON THE TURBULENCE CAUSED BY THE BUILDING
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