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1. Kontinualni proces ovéiovacich vypocti

Systém HAVAR je vyvijen pro potieby projek¢nich praci podniku EGP Praha v ramci planu
technického rozvoje na zakladé spoluprice externiho dodavatele se zainteresovanymi
pracovniku ENERGOPROJEKT Praha. Metodika, detailni popis systému HAVAR a jeho
uzivatelsky manual jsou popsany v prvnich dvou ¢astech dokumentace k tomuto systému.

V roce 1996 byly zahajeny zakladni ovéfovaci a srovnavaci vypocéty s dostupnymi mezinarodné
pouZivanymi kody. Okamzité je k dispozici systém COSYMA, ktery je podnikem EGP Praha
oficialné zakoupen. K6d COSYMA je sice uréen hlavné k pravdépodobnostnimu hodnoceni
rizika provozu JE a ocenéni vlivu pfipadnych protiopatfeni, nicméné lze jej pouZit i pro
marginalni pfipady deterministického popisu konkrétniho incidentu. I kdyZ tyto deterministické
béhy podiéhaji dal§im omezenim vedoucim k nutnym zjednoduSenim, 1ze na druhé strané ve
velké mife pfizpusobit vstupni srovnavaci data systému HAVAR a tak ziskat vysledky obou
systému relevantni pro dalsi srovnavani. Jsou hledany vhodné alternativni programové systémy,
na pt. americky standard MACCS, ktery je oficialn& k dispozici v Ustavu teorie informace a
automatizace AV CR (UTIA je oficialnim &lenem MACCS Users Group). Béhem cCasu se
vynofily dalsi slibné produkty hodici se pro Géely srovnavacich standardd.

Od roku 1997 se externi spolupracujici tym aktivn& G€astni procesu implemetace a lokalizace
evropského systému RODOS ( Decision Support System for Nuclear Emergencies — [3] )
v ramci INCO COPERNICUS grantu Evropského spole€enstvi, jehoZ hlavnim kontraktorem a
garantem za CR je Statni ustav radiadni ochrany Konkrétni prace jsou pak provadény
v Ustavu teorie informace a automatizace AV CR. V disledku smémice VDS 030 SUIB
museji byt vSechny programy uZivané v CR v oblasti jaderné bezpetnosti podrobeny
standardizaCni procedufe bez ohledu na misto pivodu daného kédu. Z tohoto divodu i systém
RODOS mtze slouzit v souasné dob& pro ulely srovnavani, protoZe jak u tohoto produktu
tak u systému HAVAR paraleln& probihaji ovéfovaci vypoéty povinnych validaénich loh €. 1 a
2, které byly zadany Odbornou hodnotici komisi €.6 pro vypocty Sifeni RA produkti. Vysledky
valida¢nich uloh spoctenych podle systému RODOS jsou dokumentovany v RODOS reportu o
akreditaci tohoto systému na podminky v Ceské republice [4].

Béhem Casu byl systém HAVAR pouzivan pro Géely vypoétu k riznym typlim bezpe&nostnich
zprav, k odhadim zévaZnosti né€kterych dil¢ich neplanovanych Gniki a k posouzeni miry
konzervatizmu téchto odhadd, pro presentaci produktu u nas i na mezinarodnim poli (¢lanky
do Casopisti nebo sbornikil konference) a konetné produkt byl vyuZit i pro nékteré prace pro
externi zakazniky ENERGOPROJEKTu Praha (Vyzkumny tistav vodohospodafsky). Ve viech
téchto etapach bylo provadéno srovnavani vysledkt zakladnich fidicich veli¢in s vysledky kodu
COSYMA a nejnovéji téz s produktem RODOS.

Z chronologického hlediska §lo o nasledujici nejdilezit&jsi faze praci:

e Testovani pro konkrétni vstupni data podle zadani do dPBZ, kap. 15.7 (malé jody) pro
lokalitu JE Temelin, provadéné koncem roku 1996.

e Generovani podkladil pro rozsahlou srovnavaci analyzu s produktem COSYMA, ktera byla
provadéna b&hem roku 1997 a jejiz vysledky byly publikovany v ramci konference 4™
COSYMA Users Group Meeting [5] .
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e Ovéfovani vypoctenych hodnot koncentrace radionuklidi v pfizemni vrstvé vzduch a jejich
depozice na vodni plose pro piipad havarijniho uniku ve sm&ru vodni nadrze ORLIK. Prace
probéhly vEGP Praha ve 2.¢Ctvrtleti 1998 na zakazku pro Vyzkumny ustav
vodohospodaisky ustav a zvlastni diraz byl poloZen na implementaci modelu lokalnich
atmosférickych srazek a jeho provéreni.

e Pocatkem roku 1999 byly provéfovany kratkodobé koeficienty zfedéni koncentrace
Skodlivin v atmosféte generované programem HAVAR pro uely dokumentace v kapitole
2 PpBZ .

e Ve 2. ctvrtleti 1999 probéhly srovnavaci vypocty zakladnich vyslednych fidicich veli¢in pro
zjednoduSené CasteCné modifikované tlohy €. 1 a & 2, zadané pro akreditalni ucely
vypocetnich kodid Odbornou hodnotici komisi €.6.

Poznamenejme, Ze tento proces zpétné ovlivnil vlastni vyvoj produktu HAVAR v tom smyslu,
Ze zadani uloh si vynutilo nejen drobné pfechodné upravy zdrojového kédu a vstupnich
datovych soubort, nybrZz i vlastni pozitivni rozvoj kédu ve smyslu implementace novych
metodik a aktualizace vstupnich souborti vetné jejich harmonizace s nejnov&jsimi pfedpisy
Statniho ufadu pro jadernou bezpetnost.

Obecné lze fici, Ze proces srovnavani neni jednoduchou zaleZitosti a vynucuje si celou fadu
zjednoduSeni na stran& vstupnich dat. V nékterych pfipadech je dokonce tieba provést
ptrechodné Upravy v metodice tak, aby se oba systémy co nejvice k sobé& pfiblizily a staly se
srovnatelnymi. Faktem je, Ze srovnavané kody obvykle odrazeji ponékud odli$nou filozofii
pfistupu (leckdy narodné podmin€ného) a srovnani se proto provadi pro zjednoduSené
varianty. Nutno zdlraznit, Ze toto nema obvykle vliv na zavéry o hlavnich rysech srovnavanych
produkth a adekvatnosti vysledkii zavére¢ného srovnavani. Vtomto sméru je uZiteéné
poukazat na ten fakt, Ze cizi produkt pro uZivatele je obvykle ,black box“ s nemoZznosti
aplikovat jakékoliv tpravy fixné€ zabudované metodiky. Odtud plyne jedna z vyhod svédé&ici ve
prospéch vlastnich Zivych vyvijenych systémi s moZnosti rychlé implementace novych
postupti, pfechodnych zmén zdrojového kodu ve snaze se prizpisobit ke srovndvanému cizimu
produktu az po snadnou aktualizaci vynucenou zavaznymi narodnimi piedpisy.
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2. ZiKladni srovnani vysledki produktu HAVAR a s deterministickymi
b&hy podle produktu COSYMA provadéné v ramci vypoéti se zadanim
pro dPBZ JETE, kap. 15.7

Jedna se o prvni vinu srovnavacich vypodtii zahajenou ke konci roku 1996. Testovani bylo
provedeno pro konkrétni vstupni data podle zadani do dPBZ, kap. 15.7 (malé jody) pro
lokalitu JE Temelin. Tato data musela byt dale modifikovana (ze shora zminénych diivodd
kompatibility zadavani vstupd se systémem COSYMA [6]). K nejdileZit&jsim zm&nam patii
nutnost uvazovat plochy terén kolem JE s jednotnou nadmoftskou vyskou 500 m n.m. aZ do
vzdélenosti 100 km od zdroje znefisténi a dile pak nutnost modifikovat rychlosti suchého
vypadavani a poloempirické koeficienty pro popis atmosférické disperze v databance systému
HAVAR.

Nasledujici text je rozd&len na dv€ ¢asti. V prvni z nich jsou uvedeny detailni vysledky vypoéts
obou srovnavanych systémil ve form& tabulek a grafi. Do vysledkd jsou navic zahrnuty i ty
varianty spoCtené podle systému HAVAR, které spiSe spadaji do oblasti studii sensitivity,
nicméné viak podavaji obraz o vyrazné zavislosti fluktuaci vystupd na fluktuaci vstupnich
parametri. Tato fakta potom umoZiuji uspokojivé vysvétlit pripadné rozdily srovnavanych
vysledkil , coZ je provadéno ve druhé &asti textu pfi podrobné analyze vysledka.

Hlavnim vysledkem této faze srovnavaci analyzy HAVAR vers. COSYMA je ovéfeni faktu,
Ze ob€ hlavni vystupni veliCiny, kterymi jsou pfizemni objemové aktivity nuklidd a jejich
depozice na zemském povrchu, prokazuji velmi dobrou shodu a Ze v ramci pouZitych modeld
jsou v systému HAVAR urCovany spravng. Zasadni vyznam tohoto zjisténi plyne z faktu, e
vSechny dalsi vypocty radiatniho zatiZeni v disledku riiznych cest ozafeni vychazeji z t&chto
dvou hlavnich veligin.

Srovnani HAVAR vers. COSYMA lze povazovat ze prvni zdkladni etapu kontinualniho
procesu srovnavaci analyzy, ktera zpétn€ bude ovliviiovat kvalitu systému HAVAR. Odtud
vyplynuly poZadavky na dalsi faze srovnavaci analyzy, kdy se ukézalo, Ze bude tfeba hloubgji
analyzovat jednotlivé dil¢i pouzité modely. Pfedevsim jde o zahrnuti realisti¢t&jsiho modelu
cesty ingesce (napt. podle metodiky SURO), dale pak dil¢ci modely vlivu vymyvani
atmosférickymi srazkami, vznosu radioaktivni vletky, vlivu blizkych stavebnich objektl na
rozptyl, popiipad€ zahrnuti realisti¢t&j§iho modelovani trajektorii &astic znedisténi. Z tohoto
hlediska se tedy pfedkladany text jevi jako prvni etapa rozsahlejsiho srovnavani, ktera
intenzivn€ pokraovala v dalSich etapach a ve své zavéretné fazi vytvofila podklady pro
pfedloZeni systému HAVAR ke standardizaénimu fizeni.

2.1 Konstrukce vstupnich dat, vypodty, presentace vysledki podle obou produkti

Testovani v této fazi bylo provedeno pro konkrétni vstupni data podle zadani do dPBZ, kap.
15.7 (mal€ j6dy) pro lokalitu JE Temelin. Byla provedena dal$i modifikace vstupnich dat jak na
stran€ systému COSYMA a hlavng na stran€ zadavani vstupd v systému HAVAR ( je v tomto
sméru mnohem flexibilngjsi ) tak, aby ob& vstupni mnoZiny se pokud moZno nejvice kryly.
Podrobné zadani jedné z variant (uvaZovani vlivu blizkostojicich objekt®i) nasleduje ve formé
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vypisu datového souboru HAVIN.DAT (nasledujici data jsou detailné vysvdtlena v
uzivatelském manualu systému HAVAR :

HAVAR/BPP- komin,KV=F,KPS=8, QH=0kW,VS=0m/s
10.12.1996, joédy s filtraci, ingesce, integr

45.0 8
31536000.0
1.0
36000.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
100.
507.

F
T
0.0

1.6

0.0

1.0 2.0 2.0 2.0 2.0 1.0

50. 75. 25. 75. 10. 35.175.190. 60. 20. 75. 65. 60. 35. 35. 15.

44. 23. 23. 41. 66. 66.154.154. 45. 45. 13. 45. 45. 66. 66. 46.
5 7

Ccl4 1.69E+03
AR41 1.55E+06
CR51 1.55E+02
MN54 6.84E+00
FE55 6.48E+01
FE59 2.92E+00
Co58 1.40E+01
Co60 3.96E+00
KR85M 2.84E+11
KR85 1.76E+11
SR89 7.92E-01
SR90 8.64E-03
SR91 5.04E+00
ZR97 2.88E-03
NB97 2.81E-03
MO99 1.22E+01
RU103 1.01E+01
RU106 4.68E+00
TE131 2.16E+03
TE132 1.91E+04
I131 3.24E+07
I132 1.98E+07
I133 5.76E+07
I134 1.55E+07
I135 4.68E+07
XE133 3.02E+13
XE135M 1.73E+11
XE135 2.56E+12
XE138 7.92E+10
C5134 2.05E+03
C5137 4.68E+03
BA140 4.32E-01
LA140 5.04E-02
CE1l41 2.77E-02
KONEC

Jde o konzervativni odhad nasledkd uniku pfi kategorii poéasi F, s nulovym vznosem vlecky
exhalaci (jeji efektivni vySka je rovna skuteéné vySce vypusti 100 m v arovni ventilaéniho
komina) a dale byl vybran smér vétru &. 8 (smér chladicich v&Zi). Pro popis atmosférické difize
byl ve vSech variantach pouZit model Karlsruhe-Jiilich, ktery je doporu¢ovan pro drsny terén.
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Pro srovnavaci vypoCty byl dale modifikovan vstupni soubor HAVLOK DAT (viz opét
podrobny popis v uZivatelském manualu pro HAVAR), ve kterém byl &lenity terén nahrazen
plochym terénem s jednotnou nadmoiskou vyskou 500 m n.m. (systém COSYMA neumozZiiuje
zadavat Clenity terén). Konetné v jednotlivych variantach vypottu podle HAVAR byly
poZadovanym zpisobem ménény hodnoty rychlosti suchého vypadavani molekularniho jodu a
dale stejné veli¢iny pro depozici aerosold, coZz se provadé€lo dynamickymi zmé&nami ve tietim
datovém vstupu HAVDB.DAT (viz uzivatelsky manual).

Zavaznym kritériem pro vé€rohodnost srovnavaci analyzy bylo nastaveni identického
atmosférického rozptylu reprezentovaného rozptylovymi parametry oy (x) a o, (X) v obou
modelech. Z hlediska systému HAVAR se jednalo o volbu modelu KFK s exponencialnim
tvarem poloempirickych formuli pro vyjadieni rozptylovych parametrii o, (x) a o, (x).
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Vstupni data podle zaddni do dPBZ JETE kap. 15.7 pro malé jody - varianta A
Trvani havdrie: 10 hod.

A. Bez uvaZovdni viivu blizkych budov

vg= 0,02 m/s - rychlost suchého vypadku pro jody podle programu HAVAR

vg= 0,01 m/s - rychlost suchého vypadku pro jody podle programu COSYMA

vg= 0,008 m/s - rychlost suchého vypadku pro aerosoly podle programu HAVAR
vg= 0,003 m/s - rychlost suchého vypadku pro aerosoly podle programu UFOMOD
vg= 0,001 m/s - rychlost suchého vypadku pro aerosoly podle programu COSYMA

Casovy integral koncentrace [Bq.s/m’] 1131

vzdalenost HAVAR [Bq.s/m’] vzdalenost | COSYMA
[m]| vg=0,02 vg= 0,01 [m]| [Bq.s/m’]
v,= 0,01
667, 6,26E-5 6,26E-5 500, 1,25E-7
1667, 4.61E-1 4,61E-1 1500, 9,12E-2
2667, 3,10 3,10 2500, 9,33E-1
3667, 6,30 6,34 3500, 2,14
4667.| 850 8,68 4500,  3.09
5333, 9,65 9,97 5500, 3,65
6333, 9,90 1,04E+1 6500, 3,93
7333, 9,25 1,02E+1 7500, 4,00
8667, 8,53 9,76 9000, 3,89
10667, 6,98 8,60 11000, 3,57
12667, 5,47 7,31 13000, 3,18
14667, 421 6,08 15000, 2,81
17333, 2,90 4,75 18000, 2,31
21667, 1,57 3.16 22500, 175
26667, 7,81E-1 2,00 27500, 1,30
33333, 3,19E-1 1,13 35000, 8,78E-1
43333, 9,07E-2 5,11E-1 45000, 5,51E-1
53333, 2,82E-2 2,49E-1 55000, 3,67E-1
66667, 6,73E-3 1,04E-1 70000, 2,17E-1
86667, 9,54E-4 3.27E-2 90000, 1,24E-1
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Casovy integral koncentrace 1131
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Casovy integral koncentrace [Bq.s/m’] Cs137

COSYMA

vzdalenost HAVAR [Bq.s/m’] vzdalenost

[m]| v,=0008 | v,=0.003 [m]| v,=0,001
667, 9,00E-9 9,00E-9 500, 1,80E-11
1667, 6,66E-5 6,66E-5 1500, 1,31E-5
2667, 4,50E-4 4, 50E-4 2500, 1,34E-4
3667, 9,18E-4 9,22E-4 3500, 3,08E-4
4667, 1,26E-3 1,27E-3 4500, 4,46E-4
5333, 1,45E-3 1,48E-3 5500, 5,31E-4
6333, 1,53E-3 1,57E-3 6500,1 5,75E-4
7333, 1,53E-3 1,59E-3 7500, 5,90E-4
8667, 1,43E-3 1,54E-3 9000, 5,83E-4
10667, 1,27E-3 1,43E-3 11000, 5,46E-4
12667, 1,10E-3 1,28E-3 13000, 5,00E-4
14667, 9,36E-4 1,14E-3 15000,| 4,54E-4
17333, 7,49E-4 9,68E-4 18000, 3,91E-4
21667, 5,18E-4 7,45E-4 22500, 3,16E-4
26667, 3,46E-4 5,62E-4 27500,| 2,54E-4
33333, 2,08E-4 3,96E-4 35000, 1,91E-4
43333, 1,04E-4 2,51E-4 45000, 1,38E-4
53333, 5,62E-5 1,68E-4 55000, 1,05E-4
66667, 2,65E-5 1,05E-4 70000, 7,56E-5
86667, 9,79E-6 5,79E-5 90000, 5,62E-5
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Casovy integral koncentrace Cs137
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Casovy integril koncentrace [Bq.s/m’] Xel33

vzdalenost HAVAR |vzdalenost | COSYMA
[m]| [Bq. s/m’] [m]| [Bq.s/m’]
667, 5,83E+1 500, 1,16E-1
1667, 4 25E+5 1500, 8,41E+4
2667, 2,89E+6 2500, 8,60E+5
3667, 5,94E+6 3500, 1,98E+6
4667, 8,20E+6 4500, 2,86E+6
5333, 9,22E+6 5500,| 3.,40E+6
6333, 1,03E+7 6500, 3,68E+6
7333, 1,05E+7 7500, 3,78E+6
8667, 1,04E+7 9000,| 3,74E+6
10667, 9.83E+6 11000,| 3,51E+6
12667, 9,00E+6 13000,| 3,22E+6
14667, 8,21E+6 15000, 2,92E+6
17333, 7,20E+6 18000, 2,53E+6
21667, 5,87E+6 22500, 2,05E+6
26667, 4 72E+6 27500, 1,66E+6
33333,| 3,67E+6 35000, 1,26E+6
43333, 2,65E+6 45000, 9,21E+5
53333, 2,02E+6 55000, 7,01E+5
66667, 1,48E+6 70000,| 5,19E+5
86667, 1,02E+6 90000, 3,90E+5
Casovy integral koncentrace Xe133
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Depozice 1131:

vzdalenost podle HAVAR [Bg/m’] vzdalenost |podle COSYMA
[m] vg=0,02 vg=0,01 [m] vg=0,01
[Bg/m’]
667, 1,25E-6 6,25E-7 500, 1,24E-9
1667, 9,22E-3 4 61E-3 1500, 9,04E-4
2667, 6,20E-2 3,10E-2 2500, 9,25E-3
3667, 1,26E-1 6,34E-2 3500, 2,10E-2
4667, 1,71E-1 8,68E-2 4500, 3,06E-2
5333, 1,93E-1 9,97E-2 5500, 3,62E-2
6333, 1,98E-1 1,04E-1 6500, 3,89E-2
7333, 1,85E-1 1,02E-1 7500, 3,96E-2
8667, 1,70E-1 9,76E-2 9000, 3,85E-2
10667, 1,40E-1 8,60E-2 11000, 3,54E-2
12667, 1,10E-1 7,30E-2 13000, 3,15E-2
14667, 8.,41E-2 6,09E-2 15000, 2,78E-2
17333, 5,80E-2 4, 75E-2 18000, 2,29E-2
21667, 3,14E-2 3,16E-2 22500, 1,73E-2
26667, 1,57E-2 2,00E-2 27500, 1,29E-2
33333, 6,40E-3 1,13E-2 35000, 8,65E-3
43333, 1,82E-3 5,11E-3 45000, 5,42E-3
53333, 5,65E-4 2,49E-3 55000, 3,60E-3
66667, 1,34E-4 1,04E-3 70000, 2,12E-3
86667, 1,91E-5 3,26E-4 90000, 1,20E-3
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Depozice 1131
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Depozice Cs137:

vzdalenost podle HAVAR [Bg/m?] vzdalenost |podle COSYMA
[m]| v, =0,008 v, =0,003 vg= 0,001 [m] [Bq/m’]
v,= 0,001
667, 7,23E-11 2,71E-11 9,04E-12 500, 1,80E-14
1667, 5,33E-7 2,00E-7 6,66E-8 1500, 1,31E-8
2667, 3,59E-6 1,35E-6 4 49E-7 2500, 1,37E-7
3667, 7.35E-6 2,76E-6 9,22E-7 3500, 3,08E-7
4667, 1,01E-5 3,82E-6 1,28E-6 4500, 4 46E-7
5333, 1,16E-5 4 43E-6 1,49E-6 5500, 5,31E-7
6333, 1,22E-5 4. 72E-6 1,59E-6 6500, 5,75E-7
7333, 1,23E-5 4 78E-6 1,62E-6 7500, 5,90E-7
8667, 1,14E-5 4.64E-6 1,60E-6 9000, 5,83E-7
10667, 1,02E-5 4 29E-6 1,50E-6 11000, 5,46E-7
12667, 8,80E-6 3,86E-6 1,37E-6 13000, 5,00E-7
14667, 7,48E-6 3,42E-6 1,24E-6 15000, 4 54E-7
17333, 5,98E-6 2,91E-6 1,07E-6 18000, 3,91E-7
21667, 4,15E-6 2,24E-6 8,61E-7 22500, 3,16E-7
26667, 2, 77E-6 1,68E-6 6,80E-7 27500, 2,54E-7
33333, 1,67E-6 1,19E-6 5,13E-7 35000, 1,91E-7
43333, 8,36E-7 7,53E-7 3,57E-7 45000, 1,38E-7
53333, 4.48E-7 5,05E-7 2,62E-7 55000, 1,05E-7
66667, 2,12E-7 3,17E-7 1,84E-7 70000, 7,56E-8
86667, 7,84E-8 1,74E-7 1,18E-7 90000, 5,62E-8
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Depozice Cs137
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B. S wuvdZenim vlivu blizkych budov

éasovj' integral koncentrace [Bq.s/m’] 1131

vzdalenost podle HAVAR [Bq.s/m’] vzdalenost COSYMA
[m] vg=0,02 vg=0,01 [m] [Bq.s/m’]
v,~=0,01
667, 3,58E+2 3,70E+2 500, 1,15E+3
1667, 1,65E+2 1,90E+2 1500, 4,67E+2
2667, 8,89E+1 1,09E+2 2500, 2,76E+2
3667, 5,69E+1 7,38E+1 3500, 1,83E+2
4667, 4,28E+1 5,44E+1 4500, 1,33E+2
5333, 2,86E+1 4, 18E+1 5500, 1,02E+2
6333, 2,15E+1 3,34E+1 6500, 7,87E+1
7333, 1,66E+1 2,73E+1 7500, 6,42E+1
8667, 1,20E+1 2,13E+1 9000, 4,63E+1
10667, 7,78 1,53E+1 11000, 3,33E+1
12667, 5,22 1,14E+1 13000, 2,37E+1
14667, 3,60 8,78 15000, 1,88E+1
17333, 2,28 6,37 18000, 1,37E+1
21667, 1,16 3,99 22500, 9,48
26667, 5,76E-1 2,47 27500, 6,27
33333, 2,50E-1 1,41 35000, 3,69
43333, 8,28E-2 6,84E-1 45000, 1,94
53333, 3,12E-2 3,67E-1 55000, 1,08
66667, 9,83E-3 1,76E-1 70000, 4,89E-1
86667, 2,18E-3 6,88E-2 90000, 2,10E-1
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Casovy integral koncentrace 1131 s uvazenim vlivu

blizkych budov
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Casovy integral koncentrace [Bq.s/m’] Cs137

vzdalenost | podle HAVAR  [Bq.s/m’] vzdalenost COSYMA
[m] v;=0,008 vg=0,003 [m] [Bq.s/m’]
v,=0,001
667, 5,40E-2 5,51E-2 500, 1,67E-1
1667, 2,83E-2 3,04E-2 1500, 7,47E-1
2667, 1,64E-2 1,82E-2 2500, 4,89E-2
3667, 1,13E-2 1,28E-2 3500, 3,49E-2
4667, 8,39E-3 9,86E-3 4500, 2,69E-2
5333, 6,55E-3 7,92E-3 5500, 2,20E-2
6333, 5,29E-3 6,59E-3 6500, 1,85E-2
1333, 4,36E-3 5,58E-3 7500, 1,57E-2
8667, 3,47E-3 4,61E-3 9000, 1,25E-2
10667, 2,56E-3 3,60E-3 11000, 9,90E-3
12667, 1,95E-3 2,89E-3 13000, 7,85E-3
14667, 1,53E-3 2,39E-3 15000, 6,70E-3
17333, 1,14E-3 1,90E-3 18000, 5,60E-3
21667, 7,45E-4 1,38E-3 22500, 4,71E-3
26667, 4,86E-4 1,00E-3 27500, 3,90E-3
33333, 2,94E-4 6,98E-4 35000, 3,16E-3
43333, 1,55E-4 4,46E-4 45000, 2,52E-3
53333, 9,93E-5 3,06E-4 55000, 2,08E-3
66667, 4,72E-5 2,00E-4 70000, 1,62E-3
86667, 2,09E-5 1,18E-4 90000, 1,22E-3
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Casovy integral koncentrace Cs137 s uvazenim vlivu blizkych

budov
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éasovy’r integril koncentrace [Bq.s/m’] Xe133

vzdalenost| HAVAR vzdalenost| COSYMA
[m]| [Bg.s/m’] [m]| [Bq.s/m’]
667, 3,59E+8 500, 1,07E+9
1667, 2,04E+8 1500,] 4,84E+8
2667, 1,24E+8 2500, 3,15E+8
3667, 8,96E+7 3500, 2,30E+8
4667,| 6,98E+7 4500, 1,79E+8
5333, 5,72E+7 5500, 1,48E+8
6333, 4 82E+7 6500, 1,24E+8
7333, 4,18E+7 7500, 1,06E+8
8667, 3,51E+7 9000, 8,49E+7
10667, 2,46E+7 11000, 6,81E+7
12667, 2,34E+7 13000, 5,44E+7
14667, 1,99E+7 15000, 4,68E+7
17333, 1,64E+7 18000, 3,95E+7
21667, 1,26E+7 22500, 3,38E+7
26667, 9,79E+6 27500, 2,86E+7
33333, 7,38E+6 35000, 2,39E+7
43333, 5,22E+6 45000, 1,97E+7
53333,| 3,92E+6 55000, 1,69E+7
66667, 2,89E+6 70000, 1,39E+7
86667, 1,98E+6 90000, 1,13E+7
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Casovy integral koncentrace Xe133 s uvaZenim vlivu

blizkych budov
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Depozice 1131

vzdalenost podle HAVAR [Bg/m’] vzdalenost | podle COSYMA
[m] v;=0,02 vg=0,01 [m] [Bq/m’*]
v,=0,01
667, 7,13 3,71 500, 1,14E+1
1667, 3,31 1,90 1500, 4,62
2667, 1,18 1,09 2500, 2,73
3667, 1,14 7,39E-1 3500, 1,81
4667, 7,87E-1 5,43E-1 4500, 1,31
5333, 5,73E-1 4,19E-1 5500, 1,01
6333, 4,31E-1 3,34E-1 6500, 7,75E-1
7333, 3,32E-1 2,72E-1 7500, 6,31E-1
8667, 2,41E-1 2,13E-1 9000, 4,55E-1
10667, 1,55E-1 1,54E-1 11000, 3,27E-1
12667, 1,04E-1 1,15E-1 13000, 2,32E-1
14667, 7,21E-2 8,79E-2 15000, 1,83E-1
17333, 4,57E-2 6,36E-2 18000, 1,33E-1
21667, 2,33E-2 3,98E-2 22500, 9,15E-2
26667, 1,16E-2 2,47E-2 27500, 6,00E-2
333353, 5,02E-3 1,41E-2 35000, 3,46E-2
43333, 1,66E-3 6,86E-3 45000, 1,76E-2
53333, 6,24E-4 3,66E-3 55000, 9,22E-3
66667, 1,97E-4 1,76E-3 70000, 3,66E-3
86667, 4,35E-5 6,89E-4 90000, 1,14E-3
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Depozice 1131 s uvazenim vlivu blizkych budov
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Depozice Cs137

vzdalenost podle HAVAR [Bq/m’] vzdalenost | podle COSYMA
[m]| v,0,008 v,;=0,003 vg=0,001 [m]|  [Bg/nm]
v=0,001
667, 4.32E-4 1,65E-4 5,55E-5 500, 1,67E-4
1667, 2,77E-4 9,12E-5 3,13E-5 1500, 7,47E-5
2667, 1,31E-4 5,45E-5 1,89E-5 2500, 4 83E-5
3667, 9,02E-5 3,86E-5 1,36E-5 3500, 3,49E-5
4667, 6,70E-5 2,96E-5 1,05E-5 4500, 2,69E-5
5333, 5,25E-5 2,38E-5 8,57E-6 5500, 2,22E-5
6333, 4 23E-5 1,98E-5 7,20E-6 6500, 1,85E-5
7333, 3,49E-5 1,68E-5 6,18E-6 7500, 1,57E-5
8667, 2,77E-5 1,38E-5 5,17E-6 9000, 1,25E-5
10667, 2,05E-5 1,08E-5 4,12E-6 11000, 9,90E-6
12667, 1,56E-5 8,69E-6 3,39E-6 13000, 7,85E-6
14667, 1,22E-5 7,17E-6 2,85E-6 15000, 6,70E-6
17333, 9,11E-6 5,70E-6 2,33E-6 18000, 5,60E-6
21667, 5,96E-6 4 13E-6 1,76E-6 22500, 4 71E-6
26667, 3,88E-6 3,01E-6 1,34E-6 27500, 3,90E-6
33333, 2,36E-6 2,10E-6 9,90E-7 35000, 3,16E-6
43333, 1,24E-6 1,34E-6 6,81E-7 45000, 2.52E-6
53333, 7,14E-7 9,18E-7 5,01E-7 55000, 2,08E-6
66667, 3,77E-7 5,99E-7 3,56E-7 70000, 1,62E-6
86667, 1,67E-7 3,53E-7 2,35E-7 90000, 1,22E-6
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Depozice Cs137 s uvazenim vlivu blizkych budov
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2.2 Komentar k vysledkiim vypo¢tu podle obou modelii

2.2.1 K nekonsistenci vypoctii podle HAVAR vers. COSYMA

Vsechny vstupni udaje byly v obou systémech shodn€ nadefinovany, nicméné je zde zakladni
odlinost v implementovaném modelu atmosférického rozptylu. V systému HAVAR byla
zvolena volba 2 zPANEL M pro volbu alternativniho modelu (viz popis v uzivatelském
manualu systému HAVAR). Jedna se Gaussiv model pifimodarého §ifeni vleCky nad drsnym
terénem, kdy disperzni koeficienty jsou dany pfislu§nymi exponencialnimi vyrazy podle vztaht
(2.15) a (2.16) v metodickém manualu. Systém COSYMA pouziva algoritmus atmosférického
modelu MUSEMET, ktery je rozsifenim ptedchoziho konvenéniho gaussovského piimocarého
modelu vlecky. Tento ,Volume source“ model umoziiuje segmentovat celkovy Unik do
jednotlivych ¢asovych bloki, kdy elementarni useky oblaku piedchozi Casové faze predstavuji
dil¢i zdroje pro gaussovské modelovani v nasledujici ¢asovém bloku. Pfitom lze zahrnout
zménu povétrnostnich charakteristik a je moZné uvazovat disperzi ve sméru pohybu oblaku.

V zasadé jsou zde tfi principialni odli§nosti dané rozdily v pouzitych algoritmech vypoctu:

e Jak jiz bylo zminéno, v systému HAVAR je pro popis atmosférické difiize pouzito klasické
feSeni difizni rovnice ve tvaru pfimocarého Gaussova modelu vlecky. Kéd PC COSYMA
pouziva modifikaci tohoto modelu pod oznatenim MUSEMET, ktera umoziiuje v hrubych
rysech modelovat trajektorie. V ramci jednoho segmentu vSak pouziva pfimoéary Gaussiv
model. Bylo zajisténo, Ze v obou kodech jsou pouZity stejné koeficienty oy (X) a 6,(x) pro
popis vertikalni a horizontalni disperze (v kddu HAVAR se navic provadi dynamicka
interpolace ze zadanych tabulkovych hodnot - zda se postupuje obdobné v PC COSYMA ¢i
zda zde jsou pouzity diskrétni tabulkové hodnoty, neni zatim jasné). Co je vSak
nejpodstatnéjsi, kod MUSEMET uvaZuje i radialni rozptyl ve sméru postupu vlecky, coz
vede obecné k vétSimu rozptylu Skodlivin.

e Zavislost vySkového profilu vétru po soufadnici z ( vertikalni slozka) je v kazdém ze
systémi ponékud jina. Neli§i se vSak podstatné a tak ani odsud napocCitavané stiedni
rychlosti (po z ) nevykazuji pfilisné diference, které by si vynucovaly Gpravu v algoritmu
vypoctu ( v tomto piipadé samoziejme v systému HAVAR).

e V systému PC COSYMA lze zadat drsnost povrchu terénu pouze ramcové tak, Ze se na
pfisluSném vstupnim panelu vyznaéi, zda jde o drsny ¢i hladky povrch. V systému HAVAR
je otazka drsnosti fe§ena mnohem podrobnéji. Ve vstupnim souboru HAVLOK.DAT se
zadava pro konkrétni lokalitu dvourozmérné pole lokalnich drsnosti (viz podrobny popis v
manualu systému HAVAR). Tak je mozno pfesnéji spocist stiedni rychlost vétru, profil
rychlosti po z, disperzni parametry a pod.

Pro vlastni srovnani, zda vysledky obou systémi se dobie shoduji, jsou rozhodujici varianty
spoétené bez vlivu blizkostojicich objektt. Z pfilozenych tabulek a grafi 1ze konstatovat velmi
dobrou shodu, pokud si uvédomime fakt, ze kod MUSEMET v disledku uvazovani
nenulového radialniho rozptylu ox (x) vede k pon€kud intenzivnéj§i disperzi. Proto lze
otekavat, Ze integralni pfizemni objemové aktivity budou obecné niZ§i pro vysledky podle
COSYMA nez podle HAVAR. Toto odpovida téZz obecné znamému faktu, Ze Gausstv
pfimodary model §ifeni obecné dava vyssi hodnoty ptizemnich koncentraci. Miru tohoto
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snizeni lze odhadovat na zakladé dal§iho systému UFOMOD, jenz také pouziva kod
MUSEMET a kde jsou publikovany vahy o definici velikosti parametru o, (x) (tam se
definuje pomoci uréitého vztahu k 6,(x) , pfiCemz rovnost ox (X) = G,(X) je povaZovana za
horni pfijatelny odhad).

Je nutné srovnavat kiivky s odpovidajicimi stejnymi rychlostmi suchého vypadavani nuklidd.
Jedna se o hodnoty v, = 0.01 m.s” pro elementarni jod a v, = 0.001 m.s” pro aerosoly.
Vysledky s jingmi hodnotami maji charakter studii sensitivity a davaji moznost posoudit
vyznamnost tohoto parametru. Napiiklad v Némecku se provadély vypocty pro mistni drsny
terén a pro piipad aerosoli také tak, Ze vliv suchého vypadku na pfizemni koncentraci
(ochuzeni vleCky v disledku suchého spadu) se pocital za pfedpokladu uZiti stfedni hodnoty v,
=0.003 m.s™, zatimco depozice aerosoli na zalidnéném terénu (obecn& méa charakter hladkého
terénu) se potitala lokalné za predpokladu v,=0.001 m.s™ .

Na zakladé vSech shora uvedenych faktd je moZno konstatovat dobrou shodu odpovidajicich
vysledk ziskanych pomoci obou systému. Systematickou odchylku integralnich pfizemnich
koncentraci nuklid lze ¢astené vysvétlit riznou hodnotou radialniho disperzniho parametru
ox (x). Priib&h usazené aktivity pak ma ocCekavany prubéh. Dale na zaklad€ tvaru kiivek
muZzeme usoudit, Ze mechanismus ochuzeni vle€ky v disledku radioaktivniho rozpadu nuklidu
a jeho suchému vypadéavani funguje spravng.

Vypoéty provadéné v druhé &asti s uvazovanim vliva blizkostojicich objektG maji zatim
orientatni charakter studie senzitivity. Jak HAVAR tak COSYMA uzivaji pon€kud jiné
poloempirické formule, jejichz diference je siln€ zvyraznéna zadanym blizkostojicim objektem s
extrémnim rozmérem (pfitomnost chladicich vézi ve sméru 8 je nahrazena objektem o vySce
154 m a Sifce 190 m). V dasledku takového objektu dojde k velkému skokovému zvysSeni
disperze a dale v disledku vird za objektem k vyraznému sniZeni efektivni vySky vleCky.
Piedpoklada se, ze tyto vysledky budou rozvijeny pfi dalsich komparativnich studiich s cilem
zabudovat do systému HAVAR alternativni model vyuzivajici nejnové&jsich poznatkd v oboru.

2.2.2 Zavér a vyhledy pro dalsi komparativni prace:

e Byla prokazana spravna funkce systému HAVAR pii urovani dvou zakladnich

vvvvvv

pfizemni objemové aktivity uniklych nuklidi a jejich depozice na zemském povrchu.

e Je zadouci pokraGovat v komparativnich pracech a studiich sensitivity s cilem doplnit systém
HAVAR nejnov&j§imi vysledky v oblasti (vliv budov, vymyvani atmosférickymi srazkami,
vznos vletky Skodlivin, upfesnéni rychlostnich profild, inverzni situace, zmény polohy horni
hranice sméSovaci vrstvy a pod. )

Pokrotit ve sméru analyzy modelii riznych cest radiaéniho zatiZeni a jejich pfipadné nahrady
novymi zpfesnénymi modely (napf. realistict&j§i a rozmanit&j§i model ingesce). Akceptovani a
implementace nejnovéj§ich hygienickych pfedpisi (vEetn€ novych databank konverznich
koeficientt) a kritérii hodnoceni radia¢ni zatéze obyvatel a rizik
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3. Audit modelu transportu radionuklidu uZitych v systému HAVAR

na zakladé srovnavaci analyzy s produktem COSYMA

Pfi dalSim srovnavani se pokrafovalo vramci zavérd pro daldi aktivitu deklarovanou
v pfedchozi kapitole. Konkrétnim vyrazem byly prace provadéné b&hem roku 1997 a jejichz
vyusténim bylo vypracovani a presentace piisp&vku na konferenci 4™ COSYMA Users Group
Meeting [5] s nazvem ,Application of PC-COSYMA code such a verification tool used in
stage of NPP design“. Celé znéni ptispévku je zde pfiloZeno v pfiloze €. 1.

Zde jen shrneme zakladni feSena témata:

Jsou deklarovany divody pro paralelni vyvoj lokalnich kodu k jiz existujicim zahraniénim
kodim
Je provedeno shrnuti komparativnich vypoétt podle atmosférického a depoziéniho modelu
systému HAVAR v ramci :
1. komparativni a validacni studie podle zadani Batch I zprace [7] pro piipad
normalizovanych integralnich pfizemnich koncentraci radionuklidt
2. deterministickych b&ht podle systému COSYMA

Je proveden audit dynamického modelu transportu radionuklid potravnimi Fetézci
ENCONAN zabudovaného v systému HAVAR (podrobny popis viz kap. 5 zakladniho
metodického manualu HAVAR). Z diivodi nastaveni maximalni kompatibility s omezenou
grupou vypousténych nuklidi jsou uvedeny vysledky pro rizné okamZiky spadu v roce
(COSYMA zna pouze kategorie zima — léto ).
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4. Srovnani vysledki HAVAR a COSYMA pro pripad validacnich uloh

V ramci standardiza¢niho procesu systému HAVAR bylo nutné propocitat validaéni tlohy a
tim splnit pfedpisy smémice VDS 030 SUJB pro programy pouZivané v oblasti hodnoceni
jaderné bezpec¢nosti. Ulohy byly zadany Odbornou komisi &. 6 pro vypo&ty Sifeni RA produktd.
Obé validaéni Glohy jsou propodteny presné podle zadani a vysledky jsou uvedeny ve zvlastnim
validanim reportu zaslaném ¢lenim komise.

Za GCelem vzajemného srovnani s produktem COSYMA byly obé ulohy zde propocteny jesté
jednou, a to s malymi modifikacemi vstupnich dat, ktera umozZnila nastavit co nejv&t§i moZnou
kompatibilitu obou produktd a tim zarulit, Ze srovnavané vysledky obsahuji co nejmensi
systematickou odchylku. Hlavni pfi¢inou nutnosti modifikovat ptivodni zadani byl fakt, Ze je
pfedepsana mala drsnost terénu (v§ude 0.1 metru). Pro tento piipad v produktu COSYMA
(jedina drsnost se zpanelu voli jako ,rural“ ) je zabudovan exponencialni model
experimentalné stanoveny v SCK/CEN, Mol, Belgie, ktery plati pro hladky terén v rozmezi
drsnosti z, € <0.1 m; 1 m> . Disperzni koeficienty ve perifernim sméru y a po vysce z jsou
vyjadieny vztahy:
G, =D, X%

4.1
O-Z = pz . xqz

kde pfislusné koeficienty p a g jsou tabelovany pro vSechny ttidy klasifikace stability atmosféry
podle Pasquilla. Tento model ale neni zabudovan do systému HAVAR, ktery naproti tomu
pouziva pro hladky terén Hoskerovy formule podle vztahu (2.14) ze zékladniho metodického
manualu HAVAR. Kéd COSYMA nedava v zakladnich vystupnich souborech k dispozici
napoditavané dil¢i hodnoty disperznich koeficientli, a proto by bylo obtizné diskutovat
pfipadné odchylky vysledkl. Proto bylo zménéno zadani wGlohy na velkou drsnost, ktera se
v kodu COSYMA zadava ve vstupnim panelu hodnotou ,,urban“ a v kédu HAVAR volbou
modelu 2 (KfK model skoeficienty podle (2.15) a aproximaci (2.16) ze zakladniho
metodického manualu). Pfi volbé ,urban“ lze v COSYMA panelu zajistit, ze pfisluSné
koeficienty p a g jsou stejné jako u HAVAR.

4,1 Validaéni dloha ¢, 1

Charakter zdroje : bodovy zdroj
Kategorie pocasi: F
Rychlost vétru v 10 m: 1.0 m/s

PocCet smérti: 16 - vypocet provést v 1 sméru,
- uvazovat rovinny terén

- konstantni drsnost 0.1 m

Pocet vzdalenosti: 20
Vzdalenosti: 1, 3, 5, 10, 20, 50, 100 km

Vyska vypusti: 45 m
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Tepelna vydatnost zdroje : 0
Vystupni rychlost vypusti: 0
Blizké budovy: neuvazovat
Srazky: 0

Inverze: neuvazovat

Doba trvani iniku: 10 hod

Zdrojovy ¢len:
Xel35 10Bq/s
I131aerosol. 10Bgq/s
I131org. 1Bq/s
I135aerosol. 10Bgq/s
I135org. 1Bq/s
Cs137 10Bq/s

Kriticka skupina obyvatel: dospéli

Nejvétsi zménou bylo uvaZovani velké drsnosti terénu (typu ,urban“ podle COSYMA,
v HAVAR pak zména ze zadané hodnoty 0.1 m na 1 m). Pfi t€chto hodnotach je zajisté€no, Ze
hodnoty disperznich koeficientd v obou produktech se jsou politany ze stejnych vzorci
(ovSem pro rozsah platnosti formuli do 10 km od zdroje znecisténi).
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Nasleduji vysledky srovnani hodnot pfizemni koncentrace vybranych radionuklidd podle obou

produkti:
Vzdalenost Integralni prizemni aktivita, pod osou mraku
(m) (Bg.s/m3)
x (1) XE135-HAVAR XE135-COSYMA
666,67 9, 93E-01 9,29E-01
1666, 67 2, 58E+00 2, 64E-00
2333,33 2, 25E+00 2,35E-00
3333,33 1, 70E+00 1,80E-00
4333,33 1,30E+00 1,38E-00
5333, 33 1, 03E+00 1,11E-00
6333, 33 8, 32E-01 9,12E-01
7333,33 6, 88E-01 7,71E-01
8333, 33 5, 80E-01 6, 40E-01
9333, 33 4, 96E-01
10333, 33 4,33E-01 5, 02E-01
11.333,.83 3,86E-01
12666, 66 3,36E-01 3, 73E-01
14666, 67 2, 78E-01
16666, 67 2,34E-01 2, 63E-01
18666, 67 2, 02E-01
20666, 67 1,86E-01 2,07E-01
22666, 67 1,72E-01
24666,67 1,60E-01
26666, 67 1,49E-01 1,72E-01
28666, 67 1,39E-01
31666,67 1,27E-01 1,45E-01
36666, 66 1,09E-01 1,33E-01
41666, 66 9,43E-02 1,15E-01
46666, 66 8, 23E-02
51666, 66 7,23E-02 9,48E-02
56666, 66 6,39E-02
61666,66 5,66E-02
66666, 66 5,03E-02 7,10E-02
71666,66 4,49E-02
76666, 66 4,01E-02
81666, 66 3, 59E-02 5,54E-02
86666, 66 3,22E-02
91666, 66 2, 90E-02
96666, 66 2,61E-02
Integralni pfizemni objemova aktivita Xe135
w 1:00E+01 |
=
£ e=—=XE135-HAVAR
]
\m G TN il
2 XE135-COSYMA
E 1,00E+00 —~
52
‘9

1,00E-01

i pfizemni o
[Bq

integrain

1,00E-02

1,00E+02

1,00E+03 1,00E+04

vzdalenost od zdroje
[m]

1,00E+05
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Vzdalenost Integralni prizemni aktivita, pod osou mraku

(m) (Bg.s/m3)

x (1) CS137-HAVAR | CS137-COSYMA
666,67 1,00E+00 9,27E-01
1666,67 2,51E+00 2,57E-00
2333,33 1,93E+00 2,22E-00
3333,33 1,36E+00 1,63E-00
4333,33 9,76E-01 1,20E-00
5333,33 7,24E-01 9,30E-01
6333,33 5,54E-01 7,33E-01
7333,33 4,36E-01 6,05E-01
8333, 33 3,51E-01 4,87E-01
9333,33 2,87E-01
10333,33 2,41E-01 3,60E-01
11333,33 2,07E-01
12666, 66 1,72E-01 2,54E-01
14666, 67 1,34E-01
16666, 67 1,07E-01 1,66E-01
18666, 67 8,84E-02
20666, 67 7,78E-02 1,23E-01
22666,67 6,88E-02
24666,67 6,11E-02
26666,67 5,44E-02 9,18E-02
28666, 67 4,806E~-02
31666, 67 4,12E-02 7,21E-02
36666, 66 3,16E-02 6,12E-02
41666, 66 2,45E-02 4,95E-02
46666, 66 1,91E-02
51666, 66 1,50E-02 3,53E-02
56606, 66 1,18E-02
61666, 66 9,35E-03
66666, 66 7,43E-03 2,15E-02
71666, 66 5,91E-03
76666, 66 4,72E-03
81666, 66 3,78E-03 1,38E-02
86666, 66 3,03E-03
91666, 66 2,43E-03
96666, 66 1,95E-03
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Integralni pfizemni objemova aktivita Cs137

1,00E+01

1,00E+00

!/\

N\

===C8§137-HAVAR

e===C8137-COSYMA

1,00E-01

1,00E-02

integralni pfizemni objemova aktivita [Bq.s/m3

1,00E-03
1,00E+02

1,00E+03 1,00E+04

vzdalenost od zdroje

[m]

1,00E+05
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Pii srovnavani depozice bylo tfeba nejdiive nastavit shodné rychlosti suchého vypadku pro
jednotlivé fyzikalng-chemické formy radionuklidd. Do programu COSYMA byly zadany
z piislu§ného vstupniho panelu ,,deposition* ptivodni implicitni hodnoty HAVAR, konkrétné:
vy=0.008 pro aerosoly

v;=0.02 pro elementarni jod

vy= 0.0001 pro organickou formu

vg=0.0 pro vzacné plyny

K uréité nekonzistenci kodu COSYMA patii také fakt, Ze v panelech zménéné hodnoty
rychlosti suchého spadu vg se pak nikde neobjevi v opisu ve vysledkové Casti.
Vysledky srovnani jsou uvedeny v nasledujici tabulce a grafu:

vzdidlenost [m] deponovana aktivita CS137 [Bq.mﬂ]
x (i) CS137-HAVAR CS137-COSYMA
666,67 8,01E-03 7,42E-03
1666,67 2,01E-02 2,06E-02
2333,33 1,55E-02 1,78E-02
3333,33 1,09E-02 1,31E-02
4333,33 7,81E-03 9,60E-03
5333,33 5,79E-03 7,44E-03
6333,33 4,43E-03 5,86E-03
7333,33 3,49E-03 4,84E-03
8333, 33 2,81E-03 3,89E-03
9333, 33 2,30E-03

10333,33 1,93E-03 2,88E-03
11333,33 1,66E-03

12666, 66 1,38E-03 2,03E-03
14666, 67 1,07E-03

16666, 67 8,58E-04 1,33E-03
18666, 67 7,08E-04

20666, 67 6,23E-04 9, 85E-04
22666, 67 5,51E-04

24666, 67 4,89E-04

26666,67 4,36E-04 7,34E-04
28666, 67 3,89E-04

31666, 67 3,30E-04 5,77E-04
36666, 66 2,53E-04 4,90E-04
41666,66 1,96E-04 3,96E-04
46666, 66 1,53E-04

51666, 66 1,20E-04 2,83E-04
56666, 66 9,46E-05

61666, 66 7,48E-05

66666, 66 5,94E-05 1,72E-04
71666, 66 4,73E-05

76666, 66 3,78E-05

81666, 66 3,02E-05 1,10E-04
86666, 66 2,42E-05

91666, 66 1,94E-05

96666, 66 1,56E-05
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Depozice Cs137

1,00E-01
=== (8$137-HAVAR
1,00E-02
=== C§137-COSYMA
&
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2,
§ 1,00E-03
N
=]
-3
o
o
1,00E-04
1,00E-05
1,00E+02 1,00E+03 1,00E+04 1,00E+05

vzdalenost od zdroje

K vypocétim podle COSYMA poznamenejme, ze adekvatni grupu nuklidd je nutné nastavit
v panelu ,.Iodine fractions* hodnotami:

0.0 pro elementarni jod

0.09 pro organickou formu

0.91 pro aerosoly

Ke srovnani hodnot pfizemni koncentrace radionuklidi ve vzduchu ve vétSich vzdalenostech se
konsistence obou modeld stava pon€kud neuritou. V systému HAVAR je pouZito Gvahy
z metodického manualu (viz vztahy (2.17) a (2.18)), kdy o,(x) muze nabyt maximalné
hodnoty:
6 (X)max = 0,8 . Hpix (4.2a)

a dale pro hodnotu oy (x) se pouzije postupu z atmosférického modelu ATSTEP systému
RODOS [8] , kdy disperze v perifernim sméru y se bere podle vztahii KfK do 10 km, pfi¢emz
pro vzdalenosti x > 10 km se pouziva zavislost:

o, (x> 10km) = a-x (4.2b)
Konstanta a se ur€uje z podminky spojitého piechodu funkce ¢ na 10. km.

Jaka omezeni se v§ak pouZiji u disperznich koeficienti pro velké vzdalenosti u kédu COSYMA
neni zcela ziejmé a navic vystupy z COSYMA tyto napocitavané hodnoty neobsahuji.

Na tomto misté je tfeba uvést, Ze analogicka srovnavaci studie provadéna u kodu NORMAL
s produktem PC CREAM ukazala, Ze pro koncentrace ve vzduchu podle Gaussova modelu
vyjadteného vztahem podle (3.2) z metodického manualu HAVAR lze psat:
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1

Cl0opz=0) » — L
o o, (%) . u

(4.3)

Experimenty potvrdily, Ze soudin o, . u(z) se svyskou témé&f neméni a tudiz je presndjsi
rychlost v méfici vySce v 10 metrech nahradit rychlosti v efektivni vySce vypusti ztoho
diivodu, Ze pouzity model disperze KfK poskytuje disperzni koeficienty v efektivni vysce
vypusti ( po€itaji se interpolaci (2.16) z metodického manuilu HAVAR).

Pfi srovnani deponované aktivity se jeji hodnoty vztahuji k okamZiku odeznéni havarie nad
terénem, to znamena, ze mrak opousti posledni radialni vzdalenost X(35).

4.2 Modifikovana validaé¢ni iloha €. 2

Zadani:
Uloha &. 2 — roz§ifena varianta:

Charakter zdroje: bodovy zdroj

Kategorie pocasi: F

Rychlost vétru v 10 m: 1.0 m/s

Pocet sméri: 16 - vypocet provést v 1 sméru,
- uvaZzovat rovinny terén, ve vzdal. 5 km pFevySeni terénu 100 m
- drsnost 0.1 m do 10 km véetné, dale 0.3 m

Pocet vzdalenosti: 20
Vzdalenosti: 1, 3, 5,10, 20, 50, 100 km

Vyska vypusti: 45 m

Tepelna Vydatnost zdroje : neuvazovat

Vystupni rychlost vypusti: neuvazovat

Blizké budovy: kolmo na smér vétru , vyska 154 m, §iika 190 m
Srazky: 2 mm/hod

Inverze: vyska inverzni vrstvy 200 m

Doba trvani uniku: 10 hod

Zdrojovy ¢len:
Xel35 10Bq/s
I131aerosol. 10Bq/s
I131org. 1Bq/s

I135 aerosol. 10Bq/s
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1135 org. 1Bq/s
Cs137 10Bq/s

Kriticka skupina obyvatel: dospéli

Tato data byla opét modifikovana tak, aby bylo mozno provést adekvatni nastaveni se vstupy

COSYMA, tedy:

e model rozptylu KfK

o vypocet podle HAVAR byl proveden se skute€nymi drsnostmi pro jednotliva radialni
pasma lokality Temelin (proménnou drsnost COSYMA nedovede respektovat a byl zadan
typ drsnosti ,,urban) — tento fakt mtiZe byt dal§im zdrojem nekonzistenci

e uniformni pfevySeni terénu (u COSYMA nelze zadat)

e pro srovnavaci vypocty se neuvazuje vyskyt inverzni situace, kterou u kodu COSYMA
nelze timto terminem zadat

Oproti zjednodusené varianté je tedy nutno uvazovat navic de§fové srazky a blizkostojici
objekt. Oba tyto efekty se testovaly postupné a srovnaval se vznikly efekt oproti varianté€ ¢. 1.

a) Efekt atmosférickych srazek:

Pro pfipad atmosférickych srazek se v produktu HAVAR uzZiva vztah (4.4) k vyjadfeni
pravd&podobnosti A [ s ] pro odstranéni pfimési z jednotky objemu za jednotku &asu. Tato
pravdépodobnost je funkci intenzity atmosférickych srazek a lisi se pro jednotlivé fyzikalné-
chemické formy nuklidd podle vztahu:
A'(x)=y" - v(x) (4.4

Y" je v [1] tabelovany parametr zavisly na fyzikalné-chemické formé nuklidu »

[hod . mm™ 5™ ]
L (x) je vydatnost atmosférickych srazek [mm/hod.]

Naproti tomu v produktu COSYMA je pro vyjadfeni pravd€podobnosti A uzit mocninovy
vyraz:

A(x)=a-v(x)® 4.5)

Konkrétni hodnoty konstant (jedna se o implicitni hodnoty) obou produktd shrnuje nasledujici
tabulka :

forma v podle (4.4) a podle (4.5) b podle (4.5)
HAVAR COSYMA COSYMA
aerosoly 2.6E-5 8.0E-5 0.8
elementdrni jod 1.3E-4 8.0E-5 0.6
organicka forma 1.3E-6 8.0E-7 0.6

Byl uc€inén pokus nastavit konstanty pro COSYMA podle implicitnich hodnot HAVAR tak,
aby pro zadanou intensitu srazek 2 mm/hod si vysledné konstanty vymyvani byly rovny.
V COSYMA panelu pro depozici tedy bylo zadano:

a=26E-5 ,b=10 ... pro aerosoly
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a=13E-4 ,b=10 ... pro elementarni jod
=13E-6 ,b=10 ... pro organickou formu

Za UCelem ptehledngjStho srovnavani se vySlo ze zadani Glohy 1 a pfidaly se srazky podle
zadani ulohy 2. Jestlize se uvazuje vyskyt sraZzek v celém rozsahu o intenzit€ 2 mm/hod, pak
vysledky podle programu HAVAR jsou v 1. &asti piilohy 2, odpovidajici vysledky podle
COSYMA pak ve druhé Casti pfilohy 2, kdy pfislu§né konstanty pro vymyvani byly nastaveny
podle implicitnich hodnot systému HAVAR. Ve 3. &asti pfilohy 2 jsou pak vysledky podle
COSYMA stouz intenzitou sraZek, ale s ptvodnimi implicitnimi COSYMA hodnotami.
V pfiloze 2 jsou uvedeny jak hodnoty piizemnich koncentraci resp. jejich integrall, tak
depozice.

Cast vysledki pro piipad izotopu Cs137 (aerosol) je vybrana do nasledujicich tabulek a je
vykreslen priib&h jak pfizemni koncentrace tak deponované aktivity.

Validaéni iiloha ¢.2 - srovnani vysledki HAVAR - COSYMA

Tab.: Integrilni piizemni objemova koncentrace Cs137

srazky 2 mm/h v celé vysei
HAVAR COSYMA COSYMA
vzdalenost s implicitnimi parametry vymyvani
[m] parametry vymyvani podle HAVAR

1666,6 2,35E0 2,28E0 2,46E0
33333 1,20E0 1,29E0 1,50E0
6333,3 4,33E-1 4,61E-1 6,16E-1
10333,3 1,61E-1 1,72E-1 2,73E-1
16666,6 5,60E-2 5,07E-2 1,07E-1
26666,6 1,92E-2 1,34E-2 4,47E-2
36666,6 7,57E-3 4,56E-3 2,35E-2
51666,6 2,0E-3 8,91E-4 8,92E-3
66666,6 5,51E-4 1,82E-4 3,61E-3
81666,6 1,56E-4 3,95E-5 1,54E-3
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Integralni prizemni objemova aktivita

[Bq.s/m3]
1,00E+01
HAVAR

1,00E+00
:*E'_:' COSYMA defauilt
- COSYMA podie
@, 1,00E-01 HAVAR
8
2
Z  1,00E-02
o %
° 3
§ 1,00E-03
o
[]

1,00E-04 \

1,00E-05

1,00E+03 1,00E+04 1,00E+05
vzdalenost od zdroje
[m]
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Tab.: Depozice Cs137

srazky 2 mm/h v celé vyseci
depozice [Bg/m’]
vzdalenost [m] HAVAR COSYMA
puvodni depo. param.
1666,6 4,37E-2 5,20E-2
3333,3 2,09E-2 2,73E-2
6333,3 8,52E-3 1,12E-2
10333,3 3,70E-3 4,94E-3
16666,6 1,55E-3 1,79E-3
26666,6 5,56E-4 4 95E-4
36666,6 2,19E-4 1,69E-4
51666,6 5,77E-5 3,30E-5
66666,6 1,59E-5 = 6,74E-6
81666,6 451E-6 - 1,47E-6
Depozice Cs137
[Bg/m2]
1,00E-01
1,00E-02 \ HAVAR
\ e=—=—=COSYMA

1,00E-03
1,00E-04 - \\
1,00E-05 Q
1,00E-06

1,00E+03 1,00E+04 1,00E+05
vzdalenost od zdroje

[m]

plosna akivita [Bq/m2]

b) Testovani vlivu blizkostoiicich objektt

Vysledky obou kodu jsou uvedeny v pfiloze 3. Rozdil mezi hodnotami ptizemnich objemovych
aktivit je zpusoben jednak tim faktem, Ze rozméry blizkostojiciho objektu (chladici véZe) jsou
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zcela extrémni, na které pouzité poloempirické formule obou kodi nejsou pravdépodobné
piili§ vhodné. Pak u kodu HAVAR s formulemi podle kapitoly 2.4 zakladniho metodického
manualu (viz vztah (2.20) vychazi efektivni vyska vypusti 77 m. Dochézi sice ke zvétSeni
rozptylu podle (2.21) tamtéZz, nicméné vliv zvétSeni efektivni vySky pro blizké vzdalenosti
pievazuje.

V manualech produktu COSYMA neni provedena piesnd specifikace pouzitych vztahi a
reference sméfuji k algoritmu koédu UFOMOD [20]. Z tohoto divodu nejsou dale Ein€ny Zadné
zaveéry s tim, Ze pro takto extrémni zadani je nutné najit specialni vztahy.

c) Studie senzitivity provedené programem HAVAR

V ramci analyzy vlivu dal§ich vstupnich parametrii byly testovany efekty:

e zvySeni hodnoty horni hranice sméSovaci vrstvy (zhruba trojnasobné)

e simulace inverzni situace pomoci modelu KfK s vicenasobnymi odrazy na horni hranici
sméSovaci vrstvy

Vysledky jsou archivovany, pfi¢emz lze konstatovat oCekavany efekt, ktery ovSem neni nijak
vyrazny (na urovni nékolika desitek procent).

5. Vysledky validacni dlohy €. 1 poéitané podle produktu RODOS

Byly provedeny zakladni vypoéty zjednodusSené ulohy ¢. 1. Na nasledujicich obrazcich jsou
vysledky Casovych integralti pfizemnich koncentraci pro Xel35 ve dvou provedenich, a to
s disperznimi koeficienty pro hladky terén a za druhé pro vétsi drsnost typu ,urban® . Lze
konstatovat dobrou shodu s obéma piedchozimi produkty pokud si uvédomime, Ze systém
RODOS neuvadi maximalni hodnoty pod osou mraku, nybrz hodnoty stfedni na pifislusné
dlazdici ( v tomto piipad€ 1 x 1 km).
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Integralni prizemni koncentrace Xe 135 :
Valida¢ni tloha 1 zadana Odbornou hodnotici komisi €.6 pro vypoéty Sifeni RA produktil

Vysledky podle RODOS systému

(Vstupni data pfizpisobena k zadani, vitr na sever, hodnoty koncentraci jsou stfedni na
¢tvercich 1 x 1 km):

Obr. 1: maly rozptyl (drsnost = rural => dispersni koeficienty podle MOL) :

Falidation task 1 : TIC [Bg.s.n-3] . of Xel35

atin_ stability kat =F wind=$ ..10 hours release I0Bq /s
+"1 source {0; -10000 m}

release height =45m -~
gridl x1 ki
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Obr. 2: velky rozptyl (drsnost = urban => dispersni koeficienty podle KfK/Jiilich) :
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Comparison of HAVAR and COSYMA

Application of PC-COSYMA code such a verification tool used in stage of
NPP design

E. Pechova
ENERGOPROIJEKT Praha
Czech Republic

P.Pecha, P.Nedoma
Institute of Information Theory and Automation
Academy of Sciences of Czech Republic

Abstract

Current experience with COSYMA code in design company ENERGOPROJEKT Praha is
presented. PSA technique is not so far a standard tool for safety evaluation during design
stage of NPP (Nuclear Power Plant) and deterministic approach is used based on verification
of compliance with limits resulting from government regulatory authority guidelines. The
limits have character either of partial restrictions related to various fields of penetration of
radionuclides to environment or stand for overall deterministic analysis of postulated ,,design
basis accident”. The verification procedures require as a rule analysis of certain partial
problems represented by the ,,worst“ possible cases to ensure sufficient level of conservatism
in NPP design. Briefly is described former own company software used for safety site survey
and evaluation, its development and improvements. Purchase of COSYMA package in 1995
has meant the basic step towards to future application of PSA methodology. In the first stage
of understanding and learning of the COSYMA code some comparative studies were realized
where deterministic runs of COSYMA represent standard tool for tuning and verification of
the proprietary codes. The benefit of such comparison is demonstrated on analysis of one
partial case of irregular release of radionuclides caused by temporary malfunction of
filtering system and subsequent releases to venting stack.

1. Introduction

ENERGOPROIJEKT Praha is involved in design of nuclear facilities in Czech Republic. The
company is main general contractor for NPP design and participates in all phases of a NPP
licensing procedures, mainly during:

-- sitting

-- design
construction
operation

-- decommissioning

So far the deterministic evaluation of NPP effects on human health and impact to living
environment is used. It consists in verification of compliance with limits related to the
respective licensing stages and is distinguished for both occupational and public domains. The
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Comparison of HAVAR and COSYMA

limits are defined both for routine and accidental releases of radionuclides by governmental
regulatory authorities and compliance with them is inevitable condition for successful licensing.
From the point of overall safety assessment so far the deterministic approach based on
declaration of ,,design basis accident” is adopted. Compliance with all partial limits as well as
with the limits declared for the design basis accident have to be described in detail in
Preliminary Safety Report prepared and submitted for licensing by ENERGOPROJEKT.

In the second stage of design all comments, recommendations and conclusions from licensing
procedure have to be taken into account and set of input data is further improved and clarified.
This leads to more precise recalculations and verification of further cases being pointed out by
opponents. The cases being analyzed in the process have character of some special , worst“
cases under cumulating of the worst input conditions with regard to final impact on population
health. Or, sensitivity studies leading to repetitive calculations have to be done in order to find
and check the worst effects. Nonconformity with regards to limit should lead to changes and
modifications in NPP design. All results have to be summarized by SKODA and
ENERGOPROJEKT in succeeding Pre-Operation Safety Report.

Special attention is devoted to atmospheric releases of radionuclides. For purposes of
evaluation of off-site consequences of such releases corresponding program products were
developed at ENERGOPROJEKT Praha since 1982. Former versions was originally designed
for batch processing in mainframe environment and they were recently substantially rebuilt,
improved and moved to PC environment with broad friendly interactive support for input of
data and immediate graphical presentations of results. Now the proprietary codes consist of
two subsystems:

e HAVAR - Interactive system for assessment of effects of accidental releases of
radionuclides from NPP to atmosphere

e NORMAL - Interactive system for assessment of effects of routine releases of
radionuclides to atmosphere during normal operation of NPP

Simultaneously with development of this own codes ENERGOPROJEKT was looking for
some proper and perspective code which would provide access to the latest know-how in the
field and moreover enabled:

-- verification of its existing codes (from short time horizon)

-- future benefits from the time-consuming process of learning and understanding
of the new code with perspective to move towards to PSA methodology and its
application also in design stages (medium time horizon)

The PC-COSYMA code was selected as a candidate for these purposes due to its following
outstanding features:

-- general acceptance of high level of the code
-- broad application in nuclear industry
-- profoundly tested by various intercomparison benchmark procedures
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Comparison of HAVAR and COSYMA

-- still ,live” product under development of skilled specialists from outstanding
international research centres

Before using of the COSYMA code such a standard tool for verification of other codes we
must have on mind the purposes and endpoints for which the code was developed. It was not
designed for real-time modelling in detail of one certain accident characterized by real changes
of conditions. COSYMA was designed for probability safety assessment based on statistical
processing of results of many times repeated single runs when conditions for a single run are
generated according to some proper sampling scheme. The single run enables modelling of
dispersion and deposition processes, calculation of doses from wvarious pathways of
radionuclide transport, various kinds of countermeasures could be taken into account etc. The
particular models used in the single run should describe situation as much as precise. On the
other hand in spite of many thousands of repetitive calculations it should be very fast. Then
some compromise is introduced. Atmospheric dispersion is described using Gaussian models,
which are sufficiently fast. It was revealed that with regard to ,averaging“ procedures used
during successive statistical processing of a great number of single runs the resulting statistics
are not much sensitive to dispersion model selection. Then the Gaussian models are generally
accepted.

2. Reasons for comparison calculations between PC-COSYMA and
HAVAR

The benefit from PC-COSYMA comparative calculations will be now demonstrated on
analysis of one partial case of accidental release to atmosphere related to temporary
malfunction of filtering system, when some activity was released to environment through the
venting stack (source term of the accident - see APPENDIX I). The purpose of the analysis
was to verify compliance with limit of committed equivalent dose to thyroid for children and
adults. The calculations provided high conservative results for the doses from ingestion when
applying code HAVAR. When input data were adopted as closely as possible to PC-COSYMA
and deterministic calculations was performed, the COSYMA results were much less
conservative. This means that complete audit of HAVAR code had to follow.

Because PC-COSYMA enables calculations only for one age group - adults - we shall further
limit to this category. Individual dose in Sv for adults from ingestion of foodstuff f between
time t1 and t2 can be expressed schematically (correct expression for COSYMA is in [2],
similar for HAVAR in [7]):

ID(n,0,f,g) » AG(n,g) . AF(n,ft1,t2) . DCF(n,0) @)
fg ... foodstuff, grid element
no..... radionuclide considered for ingestion; organ or tissue
t1;t2 ... time of ingestion start; time of end of activity intake
AG ... total activity initially deposited on ground [Bg/m’]
AF ... time integral (from t1 to t2) of activity intake per unit initial deposition
DCF ..... dose conversion factor (integrated 50 a after single intake) [Sv/Bq]

From this expression we can see that source of possible errors can be either in values of
deposited activity on ground or in the second term representing time integral activity intake.
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2.1 Audit of dispersion and deposition model of HAVAR system

Dispersion of radionuclides in atmosphere is in HAVAR described according to several
modifications of segmented Gaussian plume model. Let us assume for simplicity only dry
deposition of radionuclides on ground. Deposition of activity on the ground depends on air

concentration at ground level C(n,g,0) in Bq/m’ and dry deposition velocity Vg

AG(n,g) ~ C(n,g,0). Vg 2)

From this expression is evident that decisive role play correct values of concentration of
activity in air.

2.1.1 Comparison of HAVAR dispersion model with comparative and validation studies
according to Batch I Problem from ref. [4]

In the following table are given normalized integral activities in air near ground calculated by
program HAVAR according to the Gaussian plume model with o, and o, according to
Karlsruhe/Jilich. The input data were adopted just to Batch I Problem from [4]. Simulation
was done using normalized unit release of Xel33 = 1.0 Bq.

Distance from source Normalized ground level concentrations
[m] of Xel33 in air [Bg/m’]
u = 1 m/sec Ui =2 m/sec

667 1,93E-12 9,65E-13
1667 1,42E-8 7,11E-9
2667 9,58E-8 4,80E-8
3667 1,97E-7 9,80E-8
4667 2,72E-7 1,36E-7
5333 3,17E-7 1,59E-7
6333 3,40E-7 1,70E-7
7333 3,47E-7 1,74E-7
8667 3,44E-7 1,73E-7
10667 3,25E-7 1,63E-7
12667 2,98E-7 1,50E-7
14667 2,71E-7 1,37E-7
17333 2,38E-7 1,20E-7
21667 1,94E-7 9,80E-8
26667 1,57E-7 7,92E-8
33333 1,21E-7 6,15E-8
43333 8,77E-8 4,46E-8
53333 6,67E-8 3,41E-8
66667 4,91E-8 2,52E-8
86667 3,61E-8 1,94E-8
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Comparison of the results of atmospheric dispersion according to various models are taken
from [4] and shown here in Appendix II. The results according to HAVAR from the previous
table for vi¢= 2 m/s are added to figure in Appendix II and are marked using symbol ® . From
there can be stated very good consent with ,,Gaussian region®.

2.1.2 Using PC-COSYMA deterministic runs such a tool for validation of HAVAR
dispersion and deposition model

Let us assume the irregular release of radionuclides for from stack according to description in
Appendix I related to the temporary disfunction of air filtering system. The release height is
100 m, the plume is moving without changes in one direction 8 (337 deg ), stability category F
is assumed. In this way is defined ,,worst case“ for analysis, because there is a big population
site in direction 8 situated 22 km from source of the release.

The situation described above is not in contradiction with design philosophy of COSYMA and
then can be analyzed by COSYMA single deterministic run when following endpoints (see [17])
are taken into account:

e Air concentration of each nuclide at all grid points

e Deposition of each nuclide at all grid points

e Mean organ doses from each exposure pathway and each nuclide (short and long term
individual doses)

e Doses at each grid points (short and long term individual doses)

The problem was to adopt input data in both systems to be the same (or, at least as close as
possible). It was nearly successfully done. The negligible differences remained, but those are
not expected to cause remarkable errors. Before presenting results, comparison of basic
features of both systems should be done:
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HAVAR and COSYMA

PC-COSYMA

HAVAR

Gaussian volume source model

(MUSEMET- option 1,2,3 for wind dir. changes)

o, Oy, Ox~ Gy : according to KfK / Jilich

building wake effect according to [5]

(UFOMOD)

ingestion : FARMLAND option
(ECOSYS option not tested)

presentation technique: standard user friendly

environment

Segmented Gaussian plume model in
several modifications (so far options 1,2 for
wind dir.; ATSTEP model is planned)

o, ,0y. according to KfK / Jilich
and alternatively : HOSKER, BOX, ...

building wake effect according to [6]
( decreasing of hef is taken into account)

former static INTERATOMENERGO and
new dynamic FCM ENCONAN according
to [9], implementation into HAVAR - see
[10]

presentation technique: standard user
friendly environment with extended
graphical pres. of results ( 2D-graphics)

As to dry deposition velocity v, , different current default values were used in a particular

code:

vy =0.01 m/s ..
vy =0.02 m/s ..
v, =0.001 m/s
v, = 0.008 m/s
vy =0.003 m/s

............ dry deposition velocity of iodines according to COSYMA
............ dry deposition velocity of iodines according to HAVAR
............ dry deposition velocity for aerosols according to COSYMA
............ dry deposition velocity for aerosols according to HAVAR
............ dry deposition velocity for aerosols according to UFOMOD [5]

a) Results under assumption of no building wake effect

The following 5 figures show the results of comparison COSYMA / HAVAR for cases without
building wake effect, flat terrain and for various combinations of v, values:
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Time integrated concentration of 1131 in air near ground
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Time integrated concentration of Xe133 in air near ground
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Deposition of Cs137
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On basis of the previous five figures we can state out good consent of results between
COSYMA / HAVAR. Some systematic difference appears when we compare values of time
integrated concentration of radionuclides in air. The values according to COSYMA are
systematically somewhat lower than for HAVAR. It can be explained by the fact, that
COSYMA includes also dispersion in the direction of plume movement, when some
dependency according to ox ~ 6, are introduced [5]. HAVAR has adjusted exactly the same o,
and o, as COSYMA, but x-dependency of dispersion cannot be included. Then the resulting
dispersion has somewhat lower intensity. The systematic differences in air concentrations enter
also into the corresponding figures for deposition. The deposition values stand for the time,
when the plume just finishes its transport over the respective grid point (initial deposition
values).

b) Results when building wake effect was taken into account

As was mentioned above for NPP Temelin a big population center exists in direction 8 with
mean distance of 22 km from source of the release. Moreover in the same direction are situated
cooling towers with height = 150 m. It overcomes release point by 50 m. According to current
methodology the effect of the cooling towers is roughly substituted by effect of equivalent
near- standing building with height H = 150 m and width B = 190 m.
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It is questionable if such extreme case can be described by such a simple models ( COSYMA
uses model according to [5], HAVAR uses different expressions according to [6] ). But we
have decided to point out the significant effect of near standing buildings and successive future
necessity to investigate the problem more profoundly when taking into account the site-specific
features. In some cases the release may not adequately be presented as a single point source
and applying a volume source model will be more appropriate. The influence of near-standing
buildings, interaction of cooling towers with the plume, abnormal surface shapes and other
site-specific phenomena on short-range atmospheric dispersion variability require a site-specific
analysis. From this point of view should be considered the question of reasonability of country
specific codes development.

The next five figures describe the results of calculations where building wake effect is
considered. At this stage of knowledge we are not able to decide which one is better. It can be
only noted that the effect according to HAVAR with [6] is much more intensive and the
problem needs more investigation.

Time integrated concentration of 1131 - with building wake
effect
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Time integrated concentration of Cs137 - with building
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Deposition of 1131 - with building wake effect
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The following two figures demonstrate 2-D distribution for case with and without building
wake effect. It also shows extended graphical functions of HAVAR system. For better
understanding of the pictures one must be aware of dependency of oy(x) calculated according
to KfK/Jilich model on effective height of the plume. In the following table are some results
for F stability category (no building wake is assumed):

oy(x) [m] for F category:

Effective

height of Distance  from  source x [m]

plume
[m] 2666 4667 7667 10 667 14 667 21 667
50 339 529 771 1010 1270 1680
77 655 1010 1630 2280 3040 4320
100 1060 1910 3080 4580 6410 9680
170 858 1440 2270 3260 4310 6340

Influence of near standing buildings according to [6] has two effects. At first, 6, and o, are
increased by some additional initial values. The second effect consists in substantial decreasing
of effective height of plume - for the case initial height of 100 m was decreased to 77m (no
buoyancy and vertical velocity at the source point are assumed). The second effect has

prevalent influence and explains the two figures.
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TIC of I131: category F, with building wake effect
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TIC of I131: category F, without building wake effect
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2.2 Audit of food chain model for system HAVAR using COSYMA
FARMLAND model

Let us return to considerations in the header of paragraph 2 where discrepancy between results
of COSYMA and HAVAR calculations of committed equivalent dose to thyroid due to
internal intake of activity has been stated. The first term on the right side of equation (1) - AG
(total activity initially deposited on ground - was validated here in detail in paragraphs 2.1.1
and 2.1.2. On the basis of the comparison studies with COSYMA results we are competent to
declare correct function of dispersion and deposition models of HAVAR ( off course, within
the range of validity of Gaussian plume model).

It means that source of the discrepancy must be in the second term of the right side of equation
(1), which represents time integral of activity intake. The more precise modeling of the variable
means quite reassessment of food chain modeling and move towards dynamic methodology.
System HAVAR contained former static model called here INTERATOMENERGO based on
simplified methodology and did not enable to take into account dynamic features for foodstuffs
and feedstuffs processing and consumption. For this reason an investigation of existing
dynamic models has been done in order to select the proper one. FARMLAND and ECOSYS
models seems to be the most sophisticated products. But their application to HAVAR can be
hardly realistic for many reasons. Fortunately there is available model ENCONAN [9]
developed for environment of Czech territory and having clear and comprehensive dynamic
structure. Moreover the code ENCONAN has been validated during VAMP procedure
established and coordinated by TAEA.

Model ENCONAN has been adopted for its use in program HAVAR [10]. It enables
calculation of doses from internal intake of activity by ingestion for arbitrary Julian day of
fallout of radionuclides in relation with vegetation periods, transport of nuclides through
animals, processing and consumption delays and others. The basic scheme of the model is
presented in Appendix III. It should be point out that so far only local production and
consumption approach has been adopted. Then the comparison test with COSYMA results for
ingestion has been done.

Comparative calculations run on simplified data of scenario described in Appendix I. Source
term was reduced to one nuclide 1131 and the only food pathway - milk- was assumed. The
option was selected from panel I1 during COSYMA input process and then default values in
successive panel 12 were modified according to data valid for Czech region (original default
data are in parenthesis):

12: Food parameters - adults
Milk
Fraction of food consumed fresh 0.46 (0.80)
Average delay time between food harvest and consumption
Fresh @: 4 2
Processed  (d): 30 (30)

Consumption rate (kg / yr) 248 (115)
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We have to say again that it was not possible to adjust all input data to be the same for both
codes. The possible differences are the subject of sensitivity studies which has been just started.
Nevertheless, we think the results are good and we do not expect great differences caused by
the rather small input data inconsistency.

Finally, the results are described in the following picture and they are related to one grid point:
15 km from the source and under the plume axis. The new results according to ENCONAN
are presented for several discrete days of release of radionuclides and are summarized in the
following table:

Results of HAVAR according to model ENCONAN : Committed doses for adults owing to
activity intake from milk products during period from day of release to the end of the year
(Julian day 365)

Day of release Committed effective Committed
in a year dose equivalent dose to
thyroid
date Julian day [Sv] [Sv]
1. 4. 91 6,03 E-13 2,08E-11
19. 6. 170 5,83E-11 2,00E-9
1.7. 182 2,60E-10 8,92E-9
15.7. 196 4,35E-10 1,49E-8
28. 7. 209 2,43E-10 8,34E-9
2. 8. 214 1,38E-10 4.72E-9
30. 8. 240 2,98E-10 1,02E-8
15. 9. 257 5,38E-10 1,84E-8

The first row stands for Julian day 91, it means the fallout occure before first vegetation period
of grass. Then the corresponding low values relate to the root uptake only.

The most important role in this simplified case has a scenario for consumption of forage (grass,
hay) for cows. For conditions in Czech region we suppose 3 consecutive vegetation periods
[10]. Flexible model for harvest time was built-in which enables to simulate possible scenarios
between two marginal cases (one time harvest, continuous harvest). Consumption rates for
milk products are taken also from [10].

The results on the following picture correspond with values according to COSYMA for rough
terrain , summer season and FARMLAND model of ingestion (constant value 2.06 E-09 Sv).
Constant value of 1.31 E-07 Sv stands for static calculations according to old ingestion model
of HAVAR. From this figure we can see the level of unacceptable conservatism of the old
model.
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Individual 50A Dose for Organ Thyroid [Sv] for Adults
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Appendix I :

Scenario of accident. Release of radionuclides from venting stack due to temporary
failure in air-filtering system

HAVARS/failure of filtering system, KFK dispersion, TEXT 1
29.6.97; calculations for the 4-th COSYMA, dynamic FCM TEXT 2
2 dispersion model type
8 wind direction
20 20 grid density
F stability category
31536000.0 161.0 365.0 FCM time parameters
36000.0 period of release [s]
777 0 0 0 O KPSSQ (5) Gaussian segments
X BAXX KvVSQ(5) sekv. pocasi Gaussian segments
10.0 5.0 100.0 15.0 0.5 Gaussian segments
0.0000 0.200 0.100 0.0000 0.0000 Gaussian segments
100. stack height
507. stack base elevation
0.0 heat cap. on release
1.6 stack diameter
0.0 vertical velocity
1.0 2.0 2.0 2.0 2.0 1.0 wind veloc. categ.
50. 75. 25. 75. 10. 35.175.190. 60. 20. 75. 65. 60. 35. 35. 15. building B
44, 23. 23, 41. 66. 66.154.154. 45. 45. 13. 45. 45. 66. 66. 46. building H
5 7 age groups
Ccl4 1.69E+03 Source term:
AR41 1.55E+06 Integral activity in [Bqg] of
CR51 1.55E+02 each nuclide released during
MN54 6.84E+00 the temporary period of 36 000 sec
FE55 6.48E+01
FE59 2.92E+00
co58 1.40E+01
C060 3.96E+00
KR85M 2.84E+11
KR85 1.76E+11
SR89 7.92E-01
SR90 8.64E-03
SR91 5.04E+00
ZR97 2.88E-03
NB97 2.81E-03
MO99 1.22E+01
RU103 1.01E+01
RU106 4,68E+00
TE131 2.16E+03
TE132 1.91E+04
I131 3.24E+07 (3.24E+10)
1132 1.98E+07 (1.98E+10)
1133 5.76E+07 (5.76E+10)
1134 1.55E+07 (1.55E+10)
I135 4,68E+07 (4.68E+10)
XE133 3.02E+13
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Appendix I - cont.

XE135M 1.73E+11
XE135 2.56E+12
XE138 7.92E+10
Cs3134 2.05E+03
C3137 4.68E+03
BA140 4.32E-01
LA140 5.04E-02
CE141 2.77E-02
END

Other necessary data follows (see [7]):

HAVLOK.DAT ..... local characteristics of NPP

SUROING.DAT ..... FCM data for ENCONAN (data for Czech Rep.)

HAVDB.DAT ... database of physical constants, chemical constants, conversion
factors, ...
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Appendix 11

J. Pasler-Sauer: Comparative Calculations and Validation Studies with
Atmospheric Dispersion Models (KfK 4164)

Du ... Eulerian grid model Fat lines: Gaussian region:

H ...... Huang model ADMARC, DOSI ( G. plume m.),
F... Semi- Gaussian strata model RIMPUFF( G. puff m.),

L... Lagrangian random-walk model MUSEMET (G. vol-source m.)

M ..... MUSEMET model
T ... TRANSLOC - Eulerian grid

Batch I problem: partial case: ulO=2 m/s; Pasq. stability calss=F; source height=100m
d..K/J

ARX ...... Results of HAVAR for batch I problem data and u10=2 m/s (see table in par.
2.1.1)

-

N . 1 2 g ;1Crkrn L
TIC below the plume axis; batch I.
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Appendix III : Dynamic food chain model ENCONAN [9] — corresponding
suroing.dat - Input data stands for Czech Republic

Contaminant in air

dry, wet _ _
deposition Sink soil
4
3 weathering T tillage
Plant surface »{ Soil surface » Soil
‘ resuspension
+ leafy transport
! root transport
Feedstuffs
Sugar beet | Maize | Forage Cereals — Vegetable
| | | Wheat | Barley Fruit »
v 7 v
Silage Ensilage Hay
N A A A A 4 A
A
Consumption model of feedstufs <
Dairy cow Cattle Pig Poultry Hen
! v b v L
milk-by products, groats, etc
4
Food-stuff processing |« Y
distribution delay
3 ingestion
Consumption model of food-stuffs * HUMAN |
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PRILOHA 2

Srovnéni vysledka pii vyskytu sraZzek podle HAVAR a COSYMA

Za ucelem piehlednéjsiho srovndavani se vyslo ze zadani ulohy 1 a pridaly se srazky podle
zadani ulohy 2. JestliZe se uvaZuje vyskyt srazek v celém rozsahu o intenzité 2 mm/hod, pak
vysledky podle programu HAVAR jsou v 1. casti prilohy 2, odpovidajici vysledky podle
COSYMA pak ve druhé casti pFilohy 2. , kdy prislusné konstanty pro vymyvdni byly nastaveny
podle implicitnich hodnot systemu HAVAR. Ve 3. ¢asti prilohy 2 jsou pak vysledky podie
COSYMA s touZ intenzitou srazek, ale s puvodnimi implicitnimi COSYMA hodnotami.

V pfiloze 2 jsou uvedeny jak hodnoty p¥izemnich koncentraci resp. jejich integrali, tak
depozice.

Numerické vysledky jsou archivovany elektronicky na

C:\havdoc\srov2000\Priloha2.doc

PRILOHA 3
Srovnani vysledkl pii sou¢asném vyskytu sraZek a respektovani vlivu
blizkostojicich objekti

Numerické vysledky jsou archivovany elektronicky na

C:\havdoc\srov2000\Priloha3.doc




