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1. Introduction

The genera objectives of the emergency preparedness and response system are to:
» reduce the risk or mitigate the consequences of the accident at its source,

» prevent serious determinigtic hedth effects,

» reduce the likely stochadtic hedlth effects as much as reasonably achievable.

Thefirg objective is the responsbility of the operator of the NPP. It involves preventing or reducing
the release of radioactive materia and exposure of workers and the public. The next two objectives
are the combined responsibility of the NPP operator and off-Ste responsible organizations (local
authorities, rescue system). They require the implementation of protective measures, actions.

The overdl organization in the Czech Republic for emergency planning and response is presented on
the block diagrams:

- the emergency planning organisation (Fig. 1),

- the emergency response organisation (Fig.2).

2. Legidation

Genera requirements for emergency preparedness and response for nuclear and radiologica
emergencies are defined by new "Crigs’ legidation (Law N0.238/2000 Coll., Law No. 239/2000
Coall., Law N0.240/2000 Coall., Law N0.241/2000 Coll., Governmenta Decision N0.462/200039),
which were approved by Government and Parliament, and came into force from 1™ Jan 2001. New
,Crigs' legidation creates bads for preparation of the National Emergency Response plans, which
ae now under preparation. Each minidsry, organisation (licensee) has defined their own
respongibilities, the interfaces between them are defined in “Criss’ legidation and reating Laws or
Regulations. For radiologica emergency beside “Crids' legidation, the Law No.18/1997 Caoll. -
Atomic Act and its Regulations are important; in these legidation documents the obligations,
responsibilities of licensees for use of nuclear energy and practice with radiation sources are defined.

The Czech Government has established bilateral agreements with neighbouring countries and has
sgned a memorandum of underganding with the IAEA in the case of nudear or radiologicd

emergency.

To ded with emergency Stuation the Regiona (Didtrict) Authorities on the territory of which the NPP
islocated (by Law No. 425/1990 Coll.) draw up a Regiond (Digtrict) emergency plans an off-dte
emergency plan. They shdl verify emergency preparedness and shal provide a co-ordinated
procedure for rescue, emergency, expert and other services, adminigrative offices, municipdities,
natural persons and legd entities in diminating the consequences after accident during emergency
Stuation. The natification (initia and additiona information on course and consequences of accident)
of hedth officidsis part of mentioned plans.



By the legidation SUJB, the NPP and the Loca Authorities liase to ensure that the on-ste and of-

Ste emergency plans are compatible. Agreement has to be reached before emergency plans can be

approved.

In the case of nuclear or radiologica emergency the SUJB isrespongble for:

» co-ordination of Nation-wide Radiation Monitoring Network,

> prediction and assessment of the consequences for the Czech territory of nuclear or radiological
accident in the Czech Republic or abroad,

> preparing the basis and advice concerning the countermeasures for decision makers on locd and
governmentd level the Inter-ministeriad Emergency Headquarters Operationd Centre serves for
central co-ordination of rescue tasks.

» operation of National Contact Point (according the IAEA Convention on Early Natification of a
Nuclear Accident) which is responsible for:

» issuing and recelving the notification and informetion in case of a nudear or radiological
emergency,

» activaion of emergency response plan of SUJB,

> natification of Inter-ministerid Emergency Headquarters, Operational Centre of Integrated
Rescue System and Civil Protection Headquarters (see Fig. 1 and 2),

> natification of the Nationd Radiation Monitoring Network and transmission of detailed requests
for monitoring,

Notification of the meteorological service and transmission of requests for prognoss of the dispersion
of released radioactive materid,

Transmisson of advice on countermeasures to Loca Authorities and Inter-ministeria Emergency
Headquarters.

Ministry of Interior operates in case of anuclear or radiologica emergency following contact and co-

ordination centres.

> Operationd Centre of Integrated Rescue System that serves for activation of off-dte emergency
response in emergency planning zone and is the contact point for the Loca Authority

> Digtrict Police Headquarters Operationa Centre

» Inter-minigerid  Emergency Headquarters Operationad Centre that serves for centrd co-
ordination of rescue tasks and is aso respongble for organisation of mutua assistance in rescue
tasks according to bilateral agreements with neighbouring countries.

The Civil Defence and the Czech Energy Company have an agreement with the nationa broadcasting
companies (TV and radio) about information to the public in case of emergency including nuclear or
radiological emergency. Smilar agreements exist on the regiond level. The parts of Integrated
Rescue System (Police, Fire Brigades, Fast Medica Service, Civil Defence) are responsible for
notification and warning on the Czech Republic territory. It isaduty of the NPP (licensee) to notify
immediately SUJB and Locd Authorities in EPZ. The naure of the subsequent response is
dependent on the classification of the emergency which isincorporated in the on Ste emergency plan
approved by SUJB. The plan dso includes specification of the required actions dependent on the
circumstances that have occurred.

By the Article 46 of the Law No. 18/1997 Coall. the Ministry of Hedth shdl create a system of



specia medica care provided by sdected clinics to persons irradiated in the course of nuclear or
radiologicd emergency. The following contact centres for co-ordination of specidised medica
assistance in the emergency-planning zone are working:

» Regiond centre of medica emergency service Brno (for NPP Dukovany),

> Regiona centre of medica emergency service Ceske Budgovice (for NPP Temelin),

Threedinics

» the Burns Clinic of the 3th Faculty of Medicine UK Prague,

> the Centre for Trestment of Persons Externdly Exposed and Contaminated with Radionudides
on the Clinic of Occupationd Diseases of the 1st Faculty of Medicine UK Prague,

> the unit of Intensve Haematologica Care on Internd Clinic of the Faculty of Medicine UK,
Hradec Kralove,

are working as parts of speciaized medica care system of Ministry of Headlth.

3. Criteriafor Emergency Planning Zones of Temein NPP Determination

For most accident types, emergency response takes place over two digtinct aress:

» on-Ste area — the area surrounding the NPP within the security perimeter, fence or the other
designed property marker. Thisis the area under the immediate control of the NPP operator;

» off-dte area — the area of the planning zones — Precautionary action zone (PAZ), Urgent
protective action planning zone (UPZ), Long term protective action planning zone (LPZ).

PAZ — predesignated area around the NPP where urgent protective actions have been preplanned

and will be implemented immediately upon declaration of a generd emergency. The god is to

substantiadly reduce the risk of deterministic hedth effects by taking protective measures and actions

before the release.

UPZ - predesignated area around the NPP where preparations are made to promptly implement

urgent protective measures based on environmental monitoring.

LPZ - the furthest predesignated area around the NPP in which the preparations for effective

implementation of protective actions to reduce the long term dose from deposition and ingestion

should be developed in advance.

Table 1: Suggested Precautionary, Urgent protective and Long term protective action
planning zones size recommended by IAEA-TECDOC-953

Precautionary ~ action| Urgent protective action| Long term protective

zone planning zone action planning zone
Recommendation 3-5km 10-25 km 50-100 km
IAEA-TECDOC-953

The gze of the PAZ is basad primarily on the following congderations.

» Urgent protective actions taken before or shortly after release within this zone will significantly
reduce the risk of dose and prevent doses above the deadly threshold for the most severe
accidents at the NPP,

» For amospheric release under aver age meteorologica conditions this zone covers the distances
where about 90% of the off-gterisk of serious deterministic health effects could occur.

The sze of the UPZ represents a judgement on the extent of detalled planning which must be

performed in order to ensure effective response. The zone should cover the distance where about

99% of the off-dte risk of serious deterministic hedth effects could occur. In particular emergency,




protective actions, measures might well be restricted to a small part of UPZ. On the other hand, for
the worst possible accidents, protective measures might need to be taken beyond the UPZ. The
UPZ is the area where preparations are made to promptly perform radiation monitoring and
implement urgent protective mesasures based on the monitoring results. Plans and capabilities have
been developed to implement sheltering, evacuation and distribute thyroid blocking iodine;
they reflected the fact that evacuation could be required up to the boundary of the UPZ (reception
centres for evacuation are sited outside the zone).

The sze of the LPZ represents an area where preparation for effective implementation of protective
actions to reduce the risk of deterministic and stochastic hedlth effects from long term exposure to
deposition and ingestion of locally grown food should be developed in advance. The LPZ area
covers distances where about 99% of the off-gte risk of dose above generic intervention levels could
occur. More time will be available to take effective action within this zone; in generd, protective
actions such as relocation, food restrictions and agriculture counter measures will be based
on the radiation monitoring and food sampling.

The above-mentioned criteria resulting from internationa recommendations (e.g. IAEA-TECDOC-
955/1997 and IAEA-TECDOC-953/1997) for determination of Emergency Planning Zone
(hereinafter referred to as EPZ) are in the Czech legidation detailed in the regulation of SUJB No.
184/1997 Call. (which is a detailed legal regulation about assurance of requirements of radiation
protection to law No. 18/1997 Coll.- Atomic Law), where 8§ 64 to 66 give the method and scope
of assurance of radiaion protection during interventions for mitigetion of irredigtion as a
consequence of radiation accidents (including response levels for the individua types of protective
measures), and in the decree of the government of the Czech Republic No. 11 dedling with the
emergency planning zone. Under this decree, the proposa for determination of EPZ must contain
especidly the following:
> lig of possible radiation accidents with probability of occurrence for the particular nuclear facility
higher or equal 107/year (it is necessary to be aware that the requirements of Czech legidation
are by two orders stricter than the world practice for the existing NPPs and by one order stricter
than the requirements for the future NPPs)
> description of the assumed development and course of the individud radiation accidents
(determination of probable place within the nuclear facility & which the assumed leskage of
radionuclides would occur during the radiation accident, including time course of the radiation
accident, etc.),
> lig of possible consequences of the particular accident, including assessment of the possibility of
irradiation of persons and possbility of exceeding of intervention levels for urgent measures.

4. Initial technical inputsfor preparation of analytical documentsfor assessment of the size
of Temdin NPP EPZ

Sze of Emergency Planning Zone has been derived based on methodology and caculations by
VUJE Trnava Inc. — Engineering, Design and Research Organisation (VUJE) , usng commonly
accepted standard approach [NUREG-0771 “Regulatory Impact of Nuclear Accident Source
Tem Assumptions’, RG 14 ,Assumptions used for evduating the potentid radiologicd
consequences of a loss of coolant accident for pressurized water reactors’, Decree of the



government of the Czech Republic No.11 as well as codes designed and approved by regulatory
body for this purpose. As a basis for the caculation, values of public radiation doses specified in
Czech legidation (based on internationally accepted standards) on radiation protection were
selected.

Two most severe types of accidents a Temelin, AB (large LOCA with dation blackout), and V
(large primary-to-secondary leskage also combined with station blackout) were calculated. Based
on their source terms, distances for which the Urgent Action Generic Intervention Levels should be
determined. The containment dab mdt-through (containment by-pass) scenario has been taken into
account and the relevant source term contribution is included in the caculations.

AB - sequence (large LOCA with gtation blackout) - analysed in the year 1996 up to Source Term
evaduaion by usng of STCP-M with core initid inventory corresponding to Westinghouse fud.
Conservative boundary assumptions were made:

Initigting event — ingtantaneous guillotine rupture of main circulation line (2 x 850 mm) in the cold leg
near reactor vessd, complemented by totd loss of offSte & ongte eectric power (i.e. dl diesd
generators not available), during the time period of 48 hours. No operator interventions to mitigate
conseguences during analysed period were modeled, only 2 accumulators available were assumed.
Red vaue of permanent containment design lesk of the 0.1vol.%/day directly to environment was
consdered, i.e. without FP retention in the auxiliary buildings in the lower part. Despite the tota
frequency of the sequence is 1.44E-10 /reactor years, which is below usua threshold, it was
believed that this scenario will cover dl other cases with higher frequency.

V - sequence (large primary-to-secondary leakage also combined with station blackout) - analysed
in the year 1996 up to Source Term evauation by usng of STCP-M with core initid inventory
corresponding to Westinghouse fudl. Analysed also as an worst case, from the point of view of the
leskage from primary to secondary (containment by-pass). Also here the conservative boundary
assumptions were made:

Initiating event — break of the SG hot collector cover header (d. = 107 mm), complemented by total
loss of offgte & ongte éectric power (i.e. al diesd generators not available), during the time period
of 24 hours. No operator interventions to mitigate consequences during analysed period were
modelled, only 2 accumulators available were assumed. Red vaue of permanent containment design
leak of the 0.1vol.%/day directly to environment was consdered after RV bottom failure, i.e. without
FP retention in the auxiliary buildings in the lower part. Despite of the totd frequency for this
sequence 7.18E-10 /reactor year also this scenario was believed to cover dl other smilar cases with

higher frequency.

On the basis of evauation of these conservative (from the point of view of probability of occurrence)
and serious accidents from the point of view of radiologica consequences, taking into account the
international recommendations and experience of countries using the same type of reactors, the EPZ
was determined by qualified engineering procedures so that it delimits areas beyond which the
relevant urgent protective measured did not have to be implemented.

In relaion with acceptance of the Decree of the government No. 11 and completion of PSA 2, it
was decided to use PSA in this process to confirm that no more severe accident sequences are likely
to occur.



According to this governmental decree, operator of nuclear facility, as an input for SUJB decision
making about proposa of determination of size of EPZ, is obliged to provide a lig of possble
radiation accidents with probability of occurrence for the particular nuclear facility higher or equa 10
“Irok. Due to the fact that the decree of the government of the Czech Republic came out only after
determination of EPZ for Temein NPP, the operator presented subsequently a list of possble

radliation accidents meeting the criterion of probability of occurrence higher or equal 107/rok.

Sdlection of these sequences was made according to the following two criteria:
» sequence with highest frequency, i.e. with the highest probability of occurrence
» seguence with highest Sgnificance, i.e. with the highest source term related to frequency

Table 2: Criterion of highest frequency according to the PSA level 1 results are met by the
following scenarios:

I dentificati |Frequency, Sequence description
on year™
(CDF
contribution)
T902 4.07E-005 Major leak from primary to secondary circuit, operator fails to cool
(45,5%) down and depressurise primary circuit by fast trend, GA201 tank i
thus emptied viato the leak
X202 8.54E-006 (9,5%) |Rupture of SG tube, TK make-up system fails and operator fails, for
along term, to cool down and depressurise primary circuit; tank GA
201 is thus emptied viato the leak
X103 4.51E-006 (5,0%) |Rupture of SG tube, operator fails, for along term, to cool down ang
depressurise primary circuit; tank GA201 is thus emptied via to the
leak
X1S12 4.36E-006 (4,9%) |Rupture of SG tube, operator incorrectly closes fast closing vave or]
the steamline of damaged SG. Primary circuit is successfully cooleg
down by fast trend but the system of long-term heat remova falls.
2302 3.90E-006 (4,4%)|Large LOCA, low-pressure system of emergency make up fails
4 3.75E-006 (4,2%)|Large LOCA, the function of coolant from hydroaccumulators fails
4S10 3.10E-006 (3,5%)|Smal LOCA, both high- and low-pressure emergency make ug
systems fail
TSS06 2.61E-006 (2,9%)|Emergency protection is actuated but reactor is not tripped, both
auxiliary and emergency feedwater systems for SG fail
X194 2.54E-006 (2,8%)|Rupture of SG tube, TK system functions but the operator fails tq
cool down and depressurise primary circuit by fast trend prior td
emptying the TB tanks; high-pressure emergency make up system
fals
T4AS04  |2.08E-006 (2,3%)|Transent with loss of the turbine-driven feedwater pump. Both
auxiliary and emergency feedwater systems for SG fal and the
Feed& Bleed function not performed.
5303 1.72E-006 (1,9%)|Very smal LOCA, operator fails to cool down and depressurisq
primary circuit and high-pressure emergency make up system fails
ToSM4 1.60E-006 (1,8%)|Magjor lead from the primary to the secondary circuit, SG emergency
feedwater system fails and operator fails to cool down ang
depressurise primary circuit by fast trend




Table 3: Criterion of highest significance according to PSA level 2 results are met by the
following scenarios:

Identification | Description Freguency Relative risk
T902 T9-02 4,07E-05 19,11%
2302 2-D2 3,62E-06 9,09%
AS10 HA-D1-D2-CS 2,89E-06 7,61%
TFRS11 SA-D1-ACC; SA-D1-FR1 2,83E-06 7,10%
TSS06 TSK-M2-L 2,46E-06 6,45%
TFRS05 T1-M-L-FB; T5-L-FB 2,55E-06 6,41%
TFRS)M Station blackout (fire) 2,25E-06 591%

Note: Significance of the scenario was evaluated on the basis of size of the source term, i.e. quantity
of radionuclides which may be potentialy released to the environment during an accident.

From the above-mentioned list of sequences we can see that the first two sequences meset both the
criterion of high frequency and the criterion of high sgnificance. They are the following sequences.
Maor leak from primary to secondary circuit (T9S02)

Large LOCA (S2S02)

The first sequence is defined as mgjor leak from primary to secondary circuit when the operator fails
to cool down and depressurise the primary circuit. Damage of the core and significant lesk of RA
substances will occur after the loss of possibility to cool the core down further as a consequence of
emptying the GA201 tank by the activity of emergency systems.

The same initiating event defined, however, with smultaneous complete loss of dectric power, is
sequence V which was anadlysed for the purposes of determination of the EPZ. It is obvious that
sequence of type V as againgt the most serious sequence according to PSA means faster course of
the accident. The use of results of sequence V as an input for determination of sze of EPZ of
Temdin NPP istherefore judtifiable due to the fact thet it is a conservative scenario only.

The second sequence is defined as large LOCA with failure of low-pressure emergency make up
sysem. Other emergency systems remain available. Due to insufficient cagpacity of these systems,
there is a severe damage to the core with subsequent damage to reactor vessdl. As a consequence of
activity of sprinkler systems, the containment is not challenged due to overpressure, at the moment of
loss of integrity, the most important radionuclides have dready been washed out from the
atmosphere of the containment and captured in containment sump.

The same initiator, however, with a complete loss of eectric power, was defined as sequence AB
andysed for the purposes of determination of the EPZ. Also in this case it is obvious that AB
sequence means faster course of the accident and from the point of view of possible radiaion
consequences it provides much worse results than sequence according to PSA. A part of the



andysed scenario was dso such development of the event which would lead to melt-through of the
containment dab and lesk of RA substances through the containment to the outsde atmosphere.
Therefore, dso in this case the use of results of AB sequence as an input for determination of sze of
the EPZ of Temdin NPPisfully jutifiable due to conservative character of this scenario.

Other sequences mesting the criteria of the decree of the government of the Czech Republic No. 11
which have to be assessed from the point of view of their consequences with respect to the size of
EPZ arethe following:

» Smdl LOCA (identification $4S10) with failure of emergency make up systems.

» Trandent with resctor trip (identification TFRS11) which has been initiated by a fire and results
in sndl LOCA with subsequent falure of high-pressure emergency sysem  of
hydroaccumul ators.

> Trangent without reactor trip (identification TSS06) with complete loss of SG feeding.

» Trandent with reactor trip (identification TFRS05) which has been initisted by fire and resultsin
loss of feeding for SG and non performance of Feed& Bleed function.

» Trandent with reactor trip (identification TFRS04) which has been initisted by fire and resultsin
dtation blackout

From the above-mentioned sequences it is possible to expect that they are characterised by milder
course, much longer time intervals and aso by lower source terms than those used for determination
of sze of EPZ onthe basis of AB and V sequences.

Therefore, from the above-mentioned andysis of evauation of correctness of sdection of AB and
V type sequences for determination of Sze of EPZ from the point of view of probabilistic assessment
of Temein NPP safety, we can draw the following conclusions:

» Two most sgnificant sequences determined on the bass of PSA levd 2 reaults, should have
significantly longer and milder course and aso lower source term than AB and V sequence.

» Other ggnificant sequences determined on the basis of results of PSA leve 2 do not have higher
significance than the sequences andysed for the purposes of determination of the EPZ.

» PSA results therefore do not indicate any other sequences which would have worse radiation
consequences than the analysed sequences V and AB.

» The use of results of V and AB sequences as inputs for SUJB decision about determination of
size of Temdin NPP EPZ was in accordance with the conservative gpproach. At the sametime,
this approach was agpplied beyond the scope of IAEA recommendations and the legidation
requirements of the Czech Republic.

On the basis of the evduation, the necessary scope of analyses was discussed with SUJB which had
to be additiondly performed in order to confirm correctness of determination of EPZ. These analyses
were conducted in co-operation with the Nuclear Research Ingtitute in Rez and especidly the two
above-mentioned characteristic types of sequences were analyses, plus other proposed scenarios
where it was possible to assume more significant vaues of the source term. In totd, five following
groups of emergency scenarios were analysed in the NRI Rez usng MELCOR program:

Sequence 1a - Leak between primary and secondary circuit on leg no. 1 with therma creep of the
hot leg piping
Sequence 1b - Lesk between primary and secondary circuit on leg no. 1 without thermal creep of



the hat leg piping

Sequence2 - LOCA accident with no fire of hydrogen

Sequence 3 - LOCA accident with explosion of hydrogen

Sequence 4 - Staion blackout with permanent loss of dl active safety sysemsSequence 5 -
LOCA accident with renewa of emergency cooling after failure of reactor vessel
bottom

These sequences (with its related Source Terms) are defined as follows:

ST 1

Scenarios have been initiated by mgjor leak from primary to the secondary circuit with an opening of
dev =40 mm. The operating personnd fails to intervene, containment bypass occurs. Scenario of 1A
type assumed damage of hot leg of the primary piping by therma creep. Scenario of 1B type started
by the same initiating event was resolved under the assumption that primary circuit  will remain
hermeticaly tight and the sequence further develops as high-pressure, the following complex
phenomenon will occur upon damage of reactor vessel bottom: direct heating of atmosphere. Both
for scenario 1A and for scenario 1B a time course of lesk of radionuclides from the containment
(source term) was determined.

This case was proposed because its Source Term can cover PSA scenarios T9S02, T9S04 X2S02,
X103, X1S04 and X13013 from previous Tables. The likelihood that such scenarios could occur
isfrom 1.60E-06 /reactor year to 4.07E-05 /reactor year.

ST 2

Sequences belonging to this group have been initiated by large LOCA accident (g, = 200 mm) on
the connecting piping leading to the pressuriser. In scenario of 2A type, dl active emergency core
cooling systems falled. During the sequence of 2B type, activity of one leg of the high-pressure
emergency core cooling was successfully renewed. The source term was determined only for
scenario 2A which leads to severe degradation of fud in the core.

This case was proposed because its Source Term can cover PSA scenarios S2S02, S2S04 $4S10
and S5S03 from previous Tables with the assumption that containment integrity is not chalenged
during analysed period. The likelihood that such scenarios could occur is from 1.72E-06 /reactor
year to 3.90E-06 /reactor year.
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ST 3

Sequence smilar to the previous scenario but the function of catalytic recombiners and origination of
deflagration type fires (dow burning) is not consdered. Therefore, hydrogen accumulates in the
containment and subsequently explodes in the containment. The scenario of 3M type determined the
maximum vaue of pressure in the containment after hydrogen exploson and the corresponding time
course of lesk of radionuclides from the containment.

It was proposed because containment integrity can be chalenged in this case giving different Source
Term. It again covers the same PSA scenarios S2S02, S2S04 $4S10 and S5S03 from previous
Tables, but Source Term is caculated with containment failure,

ST 4:

The scenario commenced with dtation blackout and hermeticality of primary circuit was logt by
therma creep. After damage to the reactor vessdl bottom, a pool of melted materid will originate at
the bottom of the shaft, the mdlt penetrates to vertica channds for neutron measurement where it will
freeze and will not penetrate further. Also in this case the source term of the particular sequence was
determined.

This case was proposed because its Source Term can cover remaining types of PSA scenarios
TSS06, T4AASH4, TFRSD4, TFRS05 and TFRS11 from previous Tables. The likelihood that such
scenarios could occur is from 2.83E-06 /reactor year to 2.08E-06 /reactor year.

ST S

The sequence has been initiated by large LOCA accident with not functioning systems of emergency
cooling of the core and sprinkler system in the containment. After failure of the bottom of reactor
vessd and origination of the pool of melted materid at the bottom the reactor shaft, activity of one
leg of low-pressure reactor cooling system is renewed and water is poured on the melt pool in order
to create alayer of coolant on the top of it. The purpose of anadlysis of scenario type 5 was to assess
the impact of cooling of the melt on its penetration through the base dab of the containment. Source
term was determined.

This case was proposed because its Source Term can cover PSA scenarios S2S02, S2S04 $4S10
and S5S03 from previous Tables. The am was to confirm whether it is possible to sop MMCI in
the late phase of the severe accident.

In addition to that, caculations of radiological consequences upon emergency lesk of radioactive
substances from NPP to the surrounding area were made for these scenarios usng RTARC
program. The calculaions were made for category F of weather sability (“the wors” — the highest
vaues of effective doses are calculated there, dthough only in a narrow band) and for category D
(most probable category).

Table 4. Probability of categories of weather stability [%] in Temelin NPP region

Category A B C D E F

1994 2,03 6,78 16,46 40,91 11,32 22,49
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1995

0,74

591

14,18

41,26

13,77

24,14

1990-1995

142

6,11

15,76

40,91

13,29

22,55

Digtlances at which the generic intervention levels are reached for implementation of urgent measures

aegvenin Tableb.

Caculation assumptions used:

» wesather dtability category D (5m/s) — most probable and F (2m/s) — the worst radiologica
consequencesin narrow band in the wind direction,

» congtant speed and direction of wind for the wholetime, i.e. 7 days,

» cdculations are made below the axis of radioactive plume,

» cdculationstimes 2 daysand 7 days from the beginning of lesk of radioactive substances to the
amosphere around NPP,

» measures for protection of population have not been adopted, — a man stands outside for 24
hours under the passing radioactive plume and inhales RA substances from it or, after the plume
has passed, a man stands on contaminated ground and besides the surrounding radiation aso
inhales RA substances re-suspended from the ground surface,

Table 5: Results of radiological consequence calculation

Stability classD
Sequence 2 days 7 days

Intervention Level Intervention Level

5mSv 10mSy [S0mSv |50mSv | 100mSv | 500 mSv
AB 01 2km 1km - - - -
AB_02 3km 2km - - - -
AB 03 4km 2km - 1km - -
AB 04 3km 2km - - - -
ST V 1km - - - - -
ST1 14 km 9 km 4 km 5km 3km 2km
ST1” 15 km 10km |[4km 5km 3km 2km
ST 2 - - - - - -
ST3 6 km 4 km 1km 1km - -
ST3 6 km 3km 1km 1km - -
ST4 - - - - - -
ST 5 1km - - - - -

Tab 2: Results of radiological consequence calculation (cont.)

Stability class F
Sequence 2 days 7 days

Intervention Level Intervention Level

5mSv I0mSy [50mSv |50mSv | 100mSv | 500 mSv
AB 01 8km 5km - 1km - -
AB 02 14 km 8 km 2km 2km 1km -
AB 03 18 km 11 km 3km 4km 2km -




AB 04 16 km 9km 1km 2km - -
STV >40 km >A0km |- - - -
ST1 35km 23km |[2km 3km 2 km 2 km
ST1 35km 17km |[5km 5km 3km 2km
ST 2 - - - - - -
ST3 27 km 19km |[2km 2km 2 km -
ST 3 21 km 14km |[2km 3km 2km -
ST 4 - - - - - -
STS 5km 2 km - - - -

Note:
ST 1" and ST 3 —calculations for real terrain, direction Tyn nad Vltavou
ST 1" and ST 3~ —caculations for real terrain, direction Ceské Budejovice

These results confirm that the determined EPZs, i.e. PAZ and UPZ (5 and 13 km) were determined
with sufficient conservatism (the proposal of the operator for a 10 km EPZ would also pass). From
the mentioned facts we can seethat the requirements, unusualy high within Europe, imposed by the
Decree of the government of the Czech Republic No. 11, were met.

5. Calculation codes used for analyses of dispersion characteristics

A number of cdculation codes were used upon assessment of the disperson characterigtics of
radionuclides and their radiologica consequences (especidly for the needs of comparison of results),
from relativdly smple codes provided by IAEA such as InterRASS /described in IAEA
documentation TECDOC-955) to RTARC (standardised by SUJB). Evauation of source term was
made by means of computer code STCP (Source Term Code Package) provided by IAEA to the
member countries and modified for VVER reactors and used especidly a VUJE, Source Term
Analysswasin Nuclear Research Indtitute ReZ conducted by means of MELCOR 1.8.3 program.

Source Term Code Package - STCP was origindly developed in the USA (NUREG/CR-3988,
July 1986) to study possible Source Term in acase of severe accident on PWR and/or BWR units,
The STCP conssts of several codes — eg. MARCH3, TRAP-MELT3, VANESA, NAUA which
make it possble to modd dl important physica phenomena typicad for severe accident sequences
(therma-hydraulics in reactor coolant system, fud mdting and core degradation, fisson products
release from fud and ther trangport and retention ingde the containment volumes) up to Source
Term evdudion. For VVER units modified verson STCP-M was developed and verified in the
framework of IAEA Regiond Projects RER/9/004 during the time period of 1988 - 1992 years
(Paticipating countriess Czech & Sovak Republic, Hungary, Russa, Bulgaria, Poland). This
modified verson has been able to take into account specific design features of the VVER units (eg.
horizontal SG, bubble tower, etc .....) and has been standardised by Czech Atomic Energy
Commission (ESKAE) as computer code suitable for analysis of severe accidents on VVER units.
This modified verson STCP-M has been used for anadyss of the severe accident scenarios of
Temdin NPP, which were performed during the years of 1992 — 97. Before performing of the fina
andyss, code STCP-M has been again verified at the beginning of the year 1997 by comparison
with firgt available results of new computer codes on selected severe accident scenarios analysed for
VVER-1000 and/or VVER-440 units. MEL COR 1.8.3 (the code of USNRC), MAAP4/VVER




(the code of Wedtinghouse Energy Systems Europe SA.) and ESCADRE (the code of
CEA/IPSN France). The main results of the comparison with the mentioned codes was the fact, that
the STCP-M is consarvative from the point of view of source term assessment (predicts higher
leakages) especidly for volatile — most important nuclides as lodine, Caesum and Noble gases (Xe,
Kr).

RTARC (Red Time Accident Release Consequence) is a computer code developed at the
Nuclear Power Plants Research Ingtitute, Trnava, Sovak Republic to caculate and predict
atmospheric transportation and off-dte radiologica consequences in the event of a nuclear accident
or rediologica emergency during the early phase. The code is used by nuclear facilities for basic
emergency response planning and preparedness, real time dose projection and dispersion
caculations during an accident, and for post-accident andysis. RTARC is intended for "quick and
easy" consequence caculations in the event of accident or radiologica emergency. The code is used
in Temdin NPP Emergency Response Facilities and nudear authority governments too for basic
emergency response planning and preparedness and red-time dose projection and dispersion
caculations during an accident. System is designed for early phase andlysis, i.e. during period from
the time when the potentid for off-gte exposure of the public is recognized to the time when
sgnificant amounts of radioactive materid are released.

The code cdculations include atmospheric transport and diffusion, dose assessment (externa
exposure to the radioactive airborne plume, inhaation of the plume and resuspended radioactivity,
external exposure to deposits from the plume), evaluaion and displaying of the affected zones,
evauation of the early hedth effects, concentration and dose rate time dependence in the selected
Stes eic., the Smulation of the protective messures (sheltering, iodine adminidration) isinvolved.

The program RTARC was developed in accordance to system of QA implemented and certified by
Lloyd's Register Qudity Assurance inVUJE.

The computer code RTARC was tested by NRI in process of development and ingdlation at
Temelin NPP Emergency Response Facilities, verified by company WS ATKINS SCIENCE &
TECNOLOGY and by comparative andyss with other codes which are used in the Czech Republic
for computing of dispersion radionuclides and radiologica consequences and validation process of
computer code RTARC was redlised width using of measurements data in classc power plants in
internationa level (Modd Vdidetion Kit — locdities Kincaid, Copenhagen, Lillestrom, Indianopalis).

Quality of used data is verified by usng data requested by internationd or Czech legidation (dose
converson factors for internd exposure from International Basc Safety Standards for Protection
againg lonizing Radiation and for the Safety of Radiation Sources, IAEA, Safety Series No. 115,
1994 implemented in SUJB Regulation No. 184/97Coll., for externd exposure from
INTERATOMENERGO/ESKAE document Method of calculation of spreading of radioactive
substances from NPP and irradiation of surrounding population.”

6. EPZ of Temein NPP
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Size and extension of the Temelin EPZ were designated by SUJB Decison on 5 August 1997 based
on the CEZ application by deterministic gpproach and taking into account PSA results. The
evauation of the safety systems datus (Satus of safety systems bariers, dose leves, leves of
releases, status of insruments, equipment, etc.) and the consequences, which can result in the
Stuation, when the protective measures shdl be implemented, was carried-out. The deterministic
approach was based on the methods and procedures recommended by the IAEA, the results of EPZ
andyss, which were caried-out in the countries usng the same type of reactors. The red
demographic and meteorological datafor NPP Temelin location were used for these analyses.

Issuing from the andysis results and using above-mentioned criteria the NPP EPZ was determined
by SUJB Decison as follows (Fig. 3):

Precautionary Action Zone (PAZ) — the area, the boundary of which, is given by the circle on radius
about 5 km with the centre in the containment of Unit 1 and area covering territories of municipdities
sitting on the cirde boundaries including Tyn nad VItavou. Indde of the PAZ the Exclusion zone is
delineated on about 2 km radius on which (as againgt other European countries) no residents are
permanently living. Agricultura products raised in the Excluson Zone are regularly monitored on the
radionuclide content. No activity with the possible influence on nuclear or radiation safety is dlowed
in the Excluson Zone. In the PAZ the urgent protective measures are planned and prepared based
on the above-mentioned criteria

Urgent Protective Action Planning Zone (UPZ) — the area, the boundary of which, are given by the
circle on radius about 13 km with the centre in the containment of Unit 1 and area covering territories
of municipdities gitting on the circle boundaries. In  UPZ the urgent protective measures are planned
and prepared based on above-mentioned criteria.

Smilarly as for the Dukovany NPP, the Long Term Protective Action Planning Zone (LPZ) was not
determined. In case of radiation accident, depending on its course, extent, the long-term protective
measures will be realised, based on the radiation monitoring results.

During 80th years the sophisticated National Radiation Monitoring Network (RMN) was crested by
the Governmentd Decison No. 62 from 26 March 1987. Depending on results of the RMN,
protective measures can be implemented. The RMN is co-ordinated by SUJB; it operates in two
regimes - the norma regime, aimed at monitoring the actud radiation situation and early detection of
radiation accidents, and the emergency regime amed at evauating the consequences of such a
radiation accident. The RMN is composed from the permanent (continuoudy working) and stand-by
(working only during emergency Stuation) parts.

The parts of the RMN are following:

» Ealy waning network, which comprises 58 measuring points (Fig. 4) with automatic
transmisson of observed data. The measuring points are operated by the Minigtry of
Environment (Czech Hydrometeorologica Indtitute), the SUJB/NRPI, the Army of CR.

» Teritorid TLD (Fig. 5) - network of 184 measuring points equipped with thermoluminescent
dosemeters (TLD); this TLD-network is operated the SUIB/NRP!.

» Locd TLD networks (Fig. 5) with 78 measuring points in the surroundings of the Dukovany and
Temdin nuclear power plants, operated by the Environmenta Radiation Monitoring Laboratories



NPP and the SUJB/NRPI.

» Mobile (aircraft, car) groups — operated by the SUIB/NRPI (7-14), the Ministry of Defence;
equipped with ingrumentation for dose rate measurement in the ar (radionuclides volume
activity), on the territory (deposition of radionuclides),

» Teritoriad network of 11 ar contamination measuring points (Fig. 6) - operated by the
SUJB/NRPI and the Environmental Radiation Monitoring Laboratories NPP.

> Teritorid network of water and food contamination measuring points — operated by the Ministry
of Environmenta and the Ministry of Agriculture (hydrology service, food contral).

» Network of 11 laboratories (Fig. 6) - 9 laboratories of the SUIB/NRPI, 2 of the Environmental
Radiation Monitoring Laboratories of NPP, equipped with gamma-spectrometric and
radiochemicd andyticd indrumentation to quantitative radionudlides in environmenta samples
(eerosols, fall-out, foods, drinking water, anima food, etc.).

The Dukovany and Temelin NPP have established the on-ste Emergency Response Facilities. They
are protected againg damage by environmental conditions that could occur in the nuclear or
radiologicd emergency and their habitability is assured under dl circumstances. Monitoring in the
hermetic zone and exhaust stack provides early indication of release on sSte. Fixed fence monitors
are ingaled by the NPP. The most important information is available to SUJB on-line.

The details on the RMN can be found on the Internet address: http://mww.sujb.cz/sujb.html

7. Comparison of size of EPZ for Temelin NPP and Dukovany NPP and comparison of size
of EPZ and implementation of planning of protective measureswith other countries

In the case of Temdin, as against Dukovany NPP, it was possible to reduce the extent of UPZ from
the distance of 20 km to 13 km for the following reasons of:
» dedgn of the robust containment and higher order of assurance of integrity of containment
defined by permanent vaue of containment non-integrity at the level of 0.1 % of weight/24 hours
> higher quality of the level of protection (under the terminology INSAG 3 and 12), i.e. both the
technological equipment and the instrumentation and control systems and last but not least, for
the reason of implementation of Emergency Response Facilities and Emergency Information
Sysem which is one of the best onesin Europe due to its content, technica equipment available
and personnel and organisationa assurance, as it was confirmed by the last OSART mission
conducted by IAEA a Temdin in February 2001.

Asfor the comparison of size of PAZ and UPZ of Temdin NPPwith EPZ in other countries we can
say that EPZ of Temelin NPP was determined quite conservatively (France 5 and 10 km, Japan 8 —
10 km, Spain 5 and 10 km, China 5 and 10 km, Sweden 12-15 km). In the USA and in
Switzerland, in some cases UPZ reaches longer distances. At the same time however, it has to be
emphasised again what is the purpose of determination of UPZ, i.e. what urgent protective measures
are planned to be taken within UPZ. Then it can be sad that iodide prevention in the mentioned
countries (digtribution of potassum iodide) is ensured only after declaration of radiation accident,
whilst in the Czech Republic, didtribution of potassum iodide was ensured to al families within the
UPZ as early as at the time of fuel loading into the reactor. In accordance with the above-mentioned
criteria, further urgent measures — sheltering of population, preparation of evacuation can be
implemented on the bass of development of the particular radiation accident and results of
monitoring aso beyond the boundary of UPZ because both nationd system of radiation Stuation
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monitoring and system of natification and warning are assured. The exiging sysem of emergency
preparedness of Temedin NPP has been designed in a way that implementation of protective
measures for population, i.e. evacuation could be performed as early as during the pre-release phase
of radiation accident development. Corresponding to this, sophisticated Emergency Response
Facilities were built right on Temelin NPP site, and beyond the EPZ boundary in Ceske Budgovice.
All these measures create conditions for effective and early implementation of urgent protective
measures within the EPZ of Temelin NPP (in accordance with the internationa recommendetions)
and a the same time, it congtitutes one of the redl reasons for reduction of UPZ of Temelin NPP as
againg the Dukovany NPP.

8. Asaurance of notification of regulatory bodies and organisations and warning of
population

The condition for early and effective implementation of measures for protection of population in the
case of radiation accident is assurance of early notification of regulatory bodies and adminigtretive
organisations participating in evauation of the radiation gStuation occurred, preparation of
recommendations for implementation of optima protective measures and last but not least aso
implementation of the protective measures, aso in the case of their implementation beyond the
boundary of UPZ. These conditions in the case of Temein NPP create a system of notification of
regulatory bodies and organisations which results from the system of natification of the Ministry of
Interior (so-caled CAS 100 sysem) and it is redundantly complemented by other commercia
notification sysems induding the following:

uniform telephone network

specific-purpose telephone network

system of eectronic mail of state adminigtration bodies

utilisetion of GSM telephone networks

newly prepared emergency cdlular telephone network designed exclusvely for dae
adminigtration employess, this network would be independent of the public network

YVVVYVY

Using these means of notification, important information during control process and implementation
of intervention of response forces can be communicated, including the possibility of manud start of
al drens within EPZ in the case of their unlikey but possible loss of the central remote control of
their Sart.

Notification of population would in the case of threat of radiation accident be assured by means of
national warning system administered by the Ministry of Interior. The system is based on the
infragtructure of technicd PAGING covering the whole territory of the Czech Republic and enabling
remote start of al srens or only selected groups of sirens on the territory of the Czech sate. Density
of this network prescribed by the technical standards of the Minigtry of Defence is such within EPZ,
that the criterion of assurance of audibility of the warning sgna under normal atmospheric conditions
has to be assured on the whole territory with permanent inhabitants, i.e. within al villages and
stlements within EPZ of Temein NPP. These means of the nationd warning sysem enable
operationa dart of Srens in any part of the territory of the Czech Republic, i.e. dso beyond the
boundary of UPZ.

The warning system includes automatic broadcasting of radio programs prepared in advance on the
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radio circuit of Czech Radio covering the whole republic and TV programs on CT1 channd within
the whole region of Ceske Budgovice. For the needs of assurance of warning of population, a five-
party contract was concluded between CEZ-Temedin NPP, Didrict Office Ceske Budgjovice,
Regiona Office Ceske Budgovice, Czech Tdevison and Czech Radiocommunication which engble
flexible input to broadcasting of Czech Televison provision of indructions for the populaion. This
asures, both technicaly and from organisational point of view, that information about start of
natification and warning within EPZ will reach the population, aso beyond the boundary of EPZ, in
time.

9. Implementation of protection measuresin the Czech republic and neighbouring countries

Based on result of radiological consegquences calculation (see Table 2) above mentioned size, extent
of EPZ was determined using following assumptions:
+ inPAZ and UPZ only the urgent protective measures are planned,
¢+ conservative gpproach of emergency planning was used - severd protective measures were pre-
implemented:
iodine tablets were pre-distributed to al resdentsin the EPZ;
redtricted zone, i.e. zone in which no resdents are living, no practice with consegquences on
radiation and nuclear safety is dlowed, control of agricultural production is controlled,
implementation of sheltering and | - administration in EPZ are planned and prepared to be
implement beforerdlease in dl EPZ
+« evacuation is planned and prepared to be implement:
before release in PAZ - depending on time and course of accident, i.e. unless condition make
evacuation dangerous,
during or immediately after release - depending of monitoring results and real meteorologica
conditions,
+¢+ the urgent protective measures may be but need not be implemented beyond the UPZ border,
the capabilities, means, tools are planned,
++ thelong term countermeasures, ie. regulaion of digtribution and ingetion of foodstuffs and water
will be implemented based on the course of accident, the results of monitoring (including red
wesether, meteorologica conditions),
+« the intervention levels presented in tables 3 - 7 (which are implemented in the Czech Republic
legidation) were used.

Based on the caculaion of radiologica consequences andysed sequences and above mention

assumptions can be concluded:

¢+ Protection of the Czech Republic people is ensured by correct implementation of off-gte and
district emergency planes.

++ Thenatification of the neighbouring countries and their population about the accident will be
carried out in compliance with the bilateral agreements of Czech republic / Austriaand Czech
republic / Germany and by means of internationa convention on early natification of nuclear
accident.



+¢ Irradiation of neighbouring countries people on dose levels (i.e. for accidents with the probability
equal or lower than 107/year), for which implementation of the urgent protective measures is
judtified and reasonable, can not be occurred.

%+ The area recaiving deposition from the plume of released radionudlides in redity would have a
more complicated shape due to variations in meteorologica conditions. Therefore, in the period
following an accident, may be ussful to control and restrict the consumption of contaminated
foodduffs. In this case intervention levels presented in tables 6 and 7 shdl limit doses. It is
recommended to compare systems gppointed for planning of the long term protective measures
used in neighbouring countries and, based on experts discussion prepare:

organisation of inter-comparison measurements of the laboratories involved in the system,
agreements on exchange information on that fieds, i.e. methods of collection, measurements
(digribution of locdlities of collection) the samples and interpretation of results, according of
Direction No.2000/473/EURATOM.

Table 3: Theintervention levelsfor deter ministic health effects

Organ, tissue Expected
E or Hr(t) 9
[Gy]

Whole body 1°)
Lungs 6
Skin 3
Thyroid gland 5
Eyelens 2
Gonads 1

D) Itis assumed that doseswill be received during the less than 2days

) The possibility of immediate damage of foetus at the assumed doses greater than roughly 0.1

Gy shdl be taken into account at the judtification and optimisation of the relevant intervention
level for the urgent measures.

Table 4. Theintervention levels for the urgent measures

Protective Measure Interval
effective doses equivalent doses
inindividua organs and tissues
The sheltering and the iodine 5 mSv to 50 mSv 50 mSv to 500 mSv
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prophylaxis

The evacuation of inhabitants

50 mSv to 500 mSv

500 mSv to 5000 mSv

Table5: Theintervention levelsfor the subsequent (follow-up) measures

Protective Measures

Interval

Effective doses Equivaent doses
inindividua organs and tissues
Regulation of distribution and 5mSv to 50 mSv 50 mSv to 500 mSv
ingestion of contaminated
foodstuffs, water and
feeding-stuffs
Relocation of people 50 mSv to 500 mSv not stipulated

Table 6: Intervention levels for the regulation of distribution and ingestion of foodstuffs and

water
Radionuclide Intervention level of mass activities [Ba/kg] )
milk, drinking water, children Basis foodstuffs b)
nutrition

B¥4cs, ¥'cs. 1%Ru. Ru. 1000 1000

SQSr

3 100 1000

O 100 100
21am, 28py. 2%9py 1 10

a)  Fromthe practicd reasons there are the intervention levels for individuad groups of
radionuclides compared with the sum of activities in this group, without regard to the activity of
radionuclides of other groups.

b)  The specific intervention leves, to tenfold higher than for the basic foodstuffs, there may
dipulate for the regulation of severd sorts of foodstuffs creating the smal part of total

consumption.




Table 7: Theintervention levels of activity of radionuclides for the import and export of
foodstuffs after the radiation accident

The guidance levels of the mass or equilibrium concentration of
radionuclides for the import and export of foodstuffs after the

Radionuclide - .
radiation accident
[Ba/kg] or [By/l]
Foodstuffsfor | Milk products Other Liquid
children 3 foodstuffs®) © | foodstuffs )
Sr-90 75 125 750 125
[-131 150 500 2000 500
Pu-239 a Am-241 1 20 80 20
All other nudl.? 400 1000 1250 1000
T12>10d -
Cs-134aCs-137

a) The children meds - between the 4" and 6™ month of life

b) The mass or equilibrium concentration of radionuclides applicable for the concentrated or dried

foodsuffs

c) For the less Sgnificant foodstuffs creating the small part of total consumption there are the highest
admissble activities 10 times higher

d) Themassor volume activitiesfor the liquid foodstuffs are computed with regard to the
consumption of drinking water and the same vaue shdl be used for the supply of drinking

water.

€) Thereare not included radionuclides of H-3, C-14, K-40.
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Fig.1: Emergency planning organization
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Fig 2. Emergency response organization
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Fig.3: NPP ETE Emergency Planning Zones Delineation
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