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1.

GENERAL

GUIDE YIlL 7.2 2

During licensing review, the applicant shall he able to
demanstrate that the nuclear power plant i~ designed BO
that its operation will not cause radiatian dases in excess
af the limits set forth in Guide YVL 7.1.

During operation, the operator of the nuclear power plant
shall dem::mstratethat the radiation dose limits determined
in the license conditions are not exceeded.

Doses to the critical group·and collective doses shall
be ealeulated aeeording to the principles presented in
thi_sguide using acceptable mathernatical madela and parame-
ters.

Methods to evaluate the dispersion af radioactive substan-
ees are dealt with in Guide YVL 7.3.

2.

SCOPE
This guid~ provides general guidelines for the estimation
of the radiation doses received by the populatian .10 the
vicinity of nuclear power plants.

3.

CALCULATION OF RADIATION DOSES IN VARIOUS PHASES OF LICENSING PRO-
CESS

The calculation of the radiation doses rece1ved by the
population in the vicinity af a nuclear power plant 1s
performed in three phases 10 keeping with the progress
of the project.

1. During the construetion permit revlew, the radia-
tion doses caus~d by operating and accident condi-
tlons are ealculated separately, using accept~le
models. Data on the releases of radioactive 8ubs-
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2.

3.

tances ealculated in the design phase af the plant
and generally accepted parameter values describing
the plant and the plant site are used as basic
values.

During the operating license review, the aarne

radiation doses are computed as in the construc-
tion permit phase, using local1y deternrined para-
meters whenever possible.

During operation, the radiation doses are calcula-
ted on the hasis af measured amounts af released
radioactive substances, measured dispersion condi-
tione and acceptable environmental parameters.

When necessary, the models in 4se shall be checked
on the basis af the radiation dose and activity
da~a obtained from the environmental radiation
monitoring pragramme.

4.
EXPOSURE PATHWAYS 9NDER OPERATING CONDITIONS

The surveys shall cover doses ta the critical group and
collective doses which are caused by external radiation
from the plant and from transports and by.radioactive eff-
luents released to air and water. The doses to be conside-
red are presented as effeetive doses (ef. ICRP 26).

The critieal group is determined specifically for each
plant site. The group need not be exaetly determined if
it ean be demonstrated. by means of a conservatively eho~
sen, hypothetical group, that the guide dose limits are
nat exeeeded.

The ealculations of collective radiation doses can be limi-
ted to an area extending about 100 km from the plant. un-
less. in the vieinity af the area under survey, there ia
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a large population centre which would 5ubstantially 1nc-
rease the cOllective radiation dose, if taken into acco-
unto 1n addition, it shall be noted that the collective
dose is also affected by certain long-lived nuclides that
spread farther, such as 3H,' 14C and BSKr. An estimate
of the collective dose caused by these nuclides in the
whole of Finland shall be given io the licensing review
phase.

1n addition to the radiation doses caused by variOllspath-
ways, sUmrnaries shall be drawn out from the doses to the
critical group and from the collective doses.

4.1.
External radiation from plant and transports

The locations and intensi ti es of external radi ati on sources
and the radiation shields at the plant shall be described
and the radiatien doses te ~he critical group caused by
external radiation coming from the plant shall be evalua-
ted. The col1ective radiation doses caused by this radia-
tion' can'usually be ignored as insignificant.

A description shall be given of the location ef the criti-
cal group in regard to the transportation route of spent
fuel and radioactive wastes, and the doses to the critical
group caused by external radiation coming from the trans-
porta sha11 be evaluated. The transportation routes for
spent fuel and radiactive wastes and the numher of inhabi-
tants by the routes as well as the evalu~ted collective
doses caused by external radiation resulting from the
transports shall alao be given. Only transports within
the borders of Finland are taken into account in the eva-
luation.
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4.2.
Doses caused by radioactive substances released into air

Doses ta te the critical group and col1ective doses caused
by radioactive substances released into air shall be cal-
culated. At least the following exposure pathways shall
be considered:

1.

2.

External radiation
from airborne radioactive substances
from deposited radioactive substances

Internal radiation
from inhaled radioactive substances
from radioactive substances 10 plants
from radioactive suhstances 1n milk
from radioactive substances io other
ao1ma! products.

10 calculating the doses caused by external radiation co-
ming from airborne radioactive 5ubstances, the made! af
a semi-infinite cloud can be regarded as a sufficent calcu.-
lation madel for beta radiation. For gamma radiation it
i5 possible to use a madel where an integration i5 perfor-
med over the whole air volume containing radioactive subs-
tances, or the semi-infinite cloud model which i5 corrected
with certain correction factors depending on the dispersion
conditionFl. It i5 assurred that the critical group i5 full-
tirne exposed to the external radiation coming from airboroe
radioactive suhstances without any shielding.

In calculating the beta and gamma doses caused by external
radiation coming from deposited radioactive 5ubstances,
observations shall be made 1 metre above the ground. The
amount of radioactive auhstanceB contained io ooe uoit
area of ground ia calculated from the concentrations af
radioactive substances io air, taking into account dry
and wet deposits. It ia assumed that the critical group
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ia fuII-time expaaed te radiation ceming from the ground
without any shieIding.

1n caIcuIating the radiation doses caused by internal ra-
diation corning from inhaled radioactive substances, it
shall be assumed that the critical group ia ataying full-
time at the distance ef their dwellings.

In caIcuIating the cencentratiens ef radioactive substances
1n pIants, attention shall be paid bath to the radioactive
substances that are deposited on the pIants and ta the
substances that are uptaken from the ~round by the plants.
It is assumed that the critical group eats plants that
are produced io the area.

10 calcuI ating the concentrations ef radioaetive substances
io miIk, attention ehaI1 be pald both to the radioactive
6ubstances deposited on grazing grass ·and te the substances
uptaken from the ground by the grazing grass. It ia assu-
med that the criticaI group drinks miIk produced io the
area.

1n addition, radiation doses caused by radioactive substan-
ces contained 1n other anima] products shaI] be taken into
account if their significance 1s regarded as conslderable.

The exposure pathways fo~ coIlective radiation doses are
the sarne as in the caIculation of doses to the critlcal
group. The survey area with a radiuB ef about 100 km 1a
divi ded into sui tabl e sub-areas. When necessary, the popu-
Iation 10 the area is divided into age groups. 1n calcula-
ting the collective radiation doses caused by external
radiation, the shieIding given by buiIdings and other such
structures can be taken into account. 1n calculating the
collective doses caused by foodstuffs, att~ntion is paid
to the actual amounts of foodstuffs produced in the area.
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4.3.
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Doses caused by radioactive Bubstances released into water

Doses to the critical group and collective doses caused
by radioactive substances released into water shall be
calculated. At le.astthe following exposure pathways shaI!
he considered.

1.

2.

External radiation
from radioaetive substances accumulated
on shores

Internal radiation
from radioactive substances io fish
from radioactive substances io drinking
water, if water from the discharge water
body is used as drinking water.

The amount of radioactive substances contained in one unit
area of the shores can be calculated from the concentra-
tiens of radioactive substances in the water, using trans-
fer factors. It is assurned that the critical group is
exposed to the radiation coming from the shores without
any shielding for a certain average time of the year.·

The concentratione of radioactive substances in fish can
be ealculated from the concentrations of radioactive subs-
tances in water, using cencentration factors. It i5 assu-
med that the critical group eats fish caught io the vicini-
ty of the ·pIant.

The exposure pathways for col1ective radiation doses are
the same as io the calculation of doses to the critical
group. The calculation ef the cellective deses caused
by staying on .the shore is based on the average times that
the popu1ation spends on the shores of the discharge water
body up te ~ distance of ca 10 - 20 km. 1n calculating
the collective doses caused by radioactive substances in
fish, attention i6 paid to the actual amounts af fish
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5.
CALCULATION OF RADIATION DOSES FROM THE RESULTS aF A RADIATION
MONITORING PROGRAMME BASED ON ENVIRONMENTAL MEASUREMENTS

If the regulatory authoritie5 50 require, doses shall also
be calculated from the results of a radiation monitoring
programrnebased 6n environmental measurements. 10 practi-
ce, this appIies io the first place to the following dose
calculations for the critical group:

internal radiation dose from inhaled radioactive
substances based on measured conceotrations of
iodine and radioactive substances in particle
form io the air,

external radiation dose from deposited radioactive
substances based on measured concentarations in
rain water,

internal radiation dose from iodine contalned
ln milk based on measured concentrations ln milk,

interoal radiation dose from radioactive sUbstan-
ces 10 plants and io animal products based on
measured concentrations.

The purpose of the radiation monitoring programme is above
alI to evaluate the radiation exposure caused py discharges
from nuclear power plants. Therefore it 1s necessary to
try to assess whether the measurement results are entirely
or partly caused by d1scharges from nuclear power plants
or whether they stern from the fallout of nuclear tests
or from natural background radiation.

•
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6.
EXPOSURE PATHWAYS IN ACCIDENT CONDITIONS

The doses that are generally observed at short distances
in accid·en~ analyses and io real accident conditions are
the dose ta the bone marrow of an individual and the dose
to a child~s thyraid gland. The surveys shall cover indi-
viduaI doses caused by externaI radiation from airborne
and deposited radioactive substances as well as by internaI
radiation from inhaIed radioactive substances.

The caIcuIation af doses caused by external gamma radiation
coming from airborne radioactive substances shaII at short
distances"be based on a mode! where an integratian is per-
formed over the whole ai r voI ume contai ni ng radi oacti ve
substances, or alternatively on the semi-infinite cloud
madel with correction factors depending on" the dispersion
conditions. The semi-infinite cloud madel can also be
used for beta radiation. 1t i6 assumed that the individual
is full-time exposed to the exteroal radiatioo ocrmng from
airborne radioactive substances without any shielding.

1n calculating the beta and gamma doses caused by external
radiation coming from deposited radioactive substances,
observations shaI! be made 1 metre above the ground. The
amount of radioactive suhstances contained io one unit
area of grqund is calculated from the concentrations af
radioactive substances in air, taking into account dry
and wet deposits. 1t is assumed that the individual" is
full-time exposed to radiatio"n coming from the grou~d with-
out any shielding.

In calculating the radiation doses caused by interna! ra-
diation coming from inhaled radioactive substances, it
sha!l be assumed that the individual is staying fu!l-time
at the determined distance.

However~ in actual accident conditions the aim is ta make
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the assumptions on exposure times, shielding faetors, ete.
on the basis of prevailing conditians.

In design, extra attention ahal1 be paid ta the use af
a computer-based dose prediction system in actual aceident
conditions.

7.
RECOMMENDATIONS, REFERENCES

Calculatian of Annual Doses to Man from Routine Releases
af Reactar Effluents far the Purpoae ef Eva1uating Comp1i-
ance with 10 CFR Part 50, Appendix I, Regu1atery Guide
1.109, Revision 1, U.S. Nuc1ear Regulatory Commissien,
October 1977.


