System for the prognosis
of the population doses

due to emergency atmospheric release
of Nuclear Power Plants

(KAZIO — SOARS)



Purpose of KALO

KALO computer code is an interactive tool for
calculation of radiation situation in case of
radiation accident at NPP.

The main aim of the KAIO is the decision
support on countermeasures.



Initial data for calculations

» Release parameters:
 radionuclide composition,
« Material Types (and AMADS) or gas classes,

e release rates,

* release height;

» Meteorological data:
« atmospheric stabllity class,

* wind direction,
« wind speed,

* precipitation rate.



Results of calculation

» For all territory in supervision area of NPP

Prognosis of spatial distribution and time changes of:

e radionuclides concentration in air and fallouts,

 dose rates and doses.

Results are represented in tabular and graphic forms (on map)



Results of calculation
(continuation)

» For settlements in NPP’s supervision area
(additionally)

Predictive values of :

« absorbed doses in organs (tissues) for the 2 days after accident
(for emergency countermeasures),

« doses to whole body, thyroid and skin, averted for the 2 weeks after
accident if a countermeasure was to be applied
(for urgent countermeasures).

Additional information for decision-making:

« settlements (and their population), for which emergency or urgent
countermeasures are justified (according to Ukrainian legislation).



Example of release of Rivhe NPP
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Isolines of dose rate formed by inhalation of I-131 at 14:30 (release began at 12:00)



Example of release of Rivhe NPP
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Total dose rates from Cs-137 (including Ba-137m) at 13:30




Countermeasures summary
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Settlements sorted by "dose / countermeasure criterion" value



Countermeasures summary
(continuation)

EBDAHbIE PEe3¥NbTaThkl pac4ETOE N0 KOHTPMEPAM ANA HACENEHHBIX NYHKTOB ﬂ
{ P'acueTel N0 HAceneHHEIM NUHKTEM i Kpurepiq seneus koHTpvep (HPEY-97) |
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Tensui 01./01/200014:15] 745 . 115 2:00 1:10 1:55 0:55 1:35 0:45 115 0:45 1:25 0:40 0:50
Fopakiniera 01/01/2000(15:00] 800 - 1:55 300 1:40 3:00 1:25 220 110 1:55 110 200 1:00 1:20
YaopHus 01/01/2000(14:55] &30 - 1:50 310 1:40 200 1:20 220 1:10 1:50 1:10 200 0:55 1:15
Marediru 1] 01./01/2000(14:35] &30 - 1:40 300 1:25 250 1:10 210 1:00 1:40 1:00 1:50 0:50 1:05
K.ozauHuyi 01./01/2000(13:30] 310 . 0:40 115 0:35 1:10 0:30 0:55 0:26 0:40 0:26 0:45 0:21 0:30
Kymuroenyi [2] 01/01/2000(13:35) €30 - 1:00 2:00 0:50 1:50 0:40 1:15 0:35 1:00 0:35 1:05 0:29 0:40
Kymurosmyi [1] 01/01/200013:50] 745 - 115 - 1:05 200 0:55 1:45 0:45 115 0:45 1:25 0:35 0:50
Mana Beameska 01/071/2000{12:35] 240 E 0:27 E 0:24 - 0:20 0:35 016 0:27 016 0:30 013 018
Hogocinku 01./01/200013:15] 515 . 0:55 . 0:45 . 0:40 1:15 0:30 0:55 0:30 1:00 027 0:35
Mana OeHuuA 01/01/2000(14:00] 5:30 - 115 - 1:05 - 0:50 1:45 0:45 115 0:45 1:25 0:35 0:50
PuaHuikd [3] 01./01/2000(14:30] &30 - 2:00 - 1:45 - 1:25 300 1:10 2:00 1:10 220 0:55 1:15
Migrarra 01./01/200012.50] 330 . 0:35 . 0:30 . 025 0:55 0:20 0:35 0:20 0:40 016 023
Puyanrikm (2] 01/01/2000(14:40] &30 - 230 - 2:00 - 1:35 - 1:20 230 1:20 250 1:05 1:30
OcoBa 01/01/2000(15:05] &:00 - 210 - 1:55 - 1:30 - 115 210 115 230 0:55 1:20
Benuka OcHuua 014071/2000]74:15] 545 o 210 o 135 o 115 o 1o 210 1:00 : 0:45 1:05 ;I

The table contains times for achievement of settlements and staying above them by
cloud, times of achievement of dose criteria for countermeasures



Detalled results for settlements

Pe3ynbTaTbl pAacHEToE N0 HACENEHHOMY NYHKTY
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MoHank! 5.45 0003 557 0.003
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A Noza, v OrpaHeHIe Nloza, v OrpaHHyeHHE
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NPOPUNAKTHEE NPaPUAIKTHES
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Bee Tenn
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w3 Yrpemue |Ieakyauua Pilmyizs npetbIEaHHA Ha M3 Yepemue |IBaryauua Bamie npetelEaHuA Ha
MPOHASKTHE 3 MPOEAIKTHES
OTEPETOM BOSAY4E OTKPETOM BOZAYHE

BeeTeno

W MroBmMiHaR Kenesa

Doses and “dose / countermeasure criterion” values



Detalled results for settlements

(continuation)
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CueHapw#i BEIOpOCE PATMOHYK NHIOE
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agrrdrrer Yy: it aadrara/rrrr Y b L neiic Mouea H:gi:;ﬁ;‘g::ge I:ggs;:;::ﬁ:
Yrpemue r 01./01./2000 12:00 15/01./2000 12:00 5 20 2 2
FearyauHa r 01/01/2000 12:00 15/01/2000 12:00 5 20 2 2
Hoanan npotunakTiea v 01.,/01./2000 12:29 01./01/2000 21:55 1 1 2 2
E{f;:#;i”:;g‘;igb'sa“”“ & 01/01/2000 1200 15/01/2000 1200 5 20 2 2
-+ r r r ¢ r {r [ [ [ [ [ |
- r [ [ [ T [ T [ 1|55
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1200 000 o0 000 000 000 000 o0 000 o0 000 000 000 000
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Dprar / kv Tetu Bapocawie
HenpeaoTepawaetiele | MNpegoTepawasteie | HenpegoTepawastele | [pegoTERAW Sekkle
BceTeno
W WToBHaHER enesa
Koma

Schedule of countermeasures application and doses (averted and not averted doses)



Detalled results for settlements
(continuation)

PesynbTaThl PACYETOB N0 HACENEHHOMY NYHKTY

ClEHapHE BRISPOCE PATHOHYK TMA0E
N T | ahas & - " | Pain parsi [D:4iwarkhRMPF_SOARS\RNRLIEYResultsh Test2. 001\ Test2 rsd
Hacenerue, yen. 724 Hassanie IT p—
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E
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01/01/2000 | 13:25
- Co-B0 [M0.03 rm] o/01/2000 | 1330 214 ﬁ
200 I
180

Bce pagHoHykaHaE

5090 [M:0.03 pakra) 01,401 #2000 1335
131 [F;0.03 prcra) 0140142000 13:40
Cz-137 [F;0.03 rakr) 01./01/2000 13:45
Pu-233 [5.0.03 rakra) 01./01./2000 13:50
01/01/2000 13:65
01/01/2000 14:00

O7/0172000] 1405 160
07/0772000] 1440 ¢ ]
O7/0772000] 1415 (
O1/07/2000] 1420 10
O1/07/2000] 1425
O7/0772000] 1430 120
O7/07/2000] 1435
O1/0772000| 1440
01/01/2000| 1445 e 1
O7/0772000] 1450
O7/07/2000] 1455 -
O1/0172000] 1500 ]
O1/07/2000] 1506

5D

01/01/2000 15:10
01/01/2000 15:15
014012000 15:20
01/01/2000 15:25
01/01/2000 15:30

. Y
RARN RN

M OWHOCTE BO2EI BHYTREHHETD OAAYYEHMA (MHMENALMOHHOE NOCTYANEHKME), M3EMY

01/01/2000| 1535 25822
01/01/2000 | 1540 1,582 ‘I
[Bostens ] [/ari000] 1545 B.4423 i
01/01/2000| 1550 43423 1200 1300 14:00 1500 1600 17:00 1800 19:00 20:00 21:00 22:00
["Bspocres” = |[i/mseonn] 155 1723 || Bpema

Dynamics of radiation characteristics (activities, doses)



Summary

v KAO incorporates a complex of the models giving a possibility to
carry out the prognosis of radiation situation in case of radiation

accident

v KALO is used 7 years by the Rivhe NPP for decision support on

countermeasures application in case of radiation accident

v KA O received a high appraisal by OSART and WANO missions,
therefore Ukrainian operator NNEGC “ENERGOATOM” extended KALO

to all four operating Ukrainian NPPs



