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OCHOBHBbI€e nNpobnemMbl

1. Mbl 064a3aHbl ncnonb3osatb MCNP, NOCKOSbKY 3TO
cTaHOapT MeXayHapoaHoun opraHmsaumn. Ho y Hac
nuueH3na Ha MCNP 3akoH4unach B MPoLUioM rogy.
1o aTon npudunHe (U rno ueromy psdy Opyaux) Ham
HY>XHbl arnbTepHaTUBHbLIE NMPOorpamMmmbl 4S9 pacyeTta
HeUMmpPOHHbLIX U pOMOHHbIX rnosield (mpaHcriopm).
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2. Ham Hy>xHO aBTOMaTM3MpoBaTb CUHXPOHU3aUUIO
3aKeueasileHMHbIX Modesiell NS anbTepPHATUBHbIX
nporpamm.

3. lNocne TpaHcnopTa Mbl pacinTbiBaeM OUHaMUKY
akmueauyuu Mmamepuasioe U rnosiss ocmamo4yHou
MowHocmu 003bI. Hawm nporpaMmmbl TpeOyOT
MacLwiTabmnpoBaHus ons paboTtbl ¢ OOMbLLIMMYK
obbemMamMmn gaHHbIX. NTIP, HeMTPOHHbIN NOTOK, PY=0




9YOpenMC

OpenMC — coBpeMeHHbIN Koa ans
MOOENMMPOBAaHUA Mosien HENTPOHOB U POTOHOB, C
pa3BUTON (PYHKLMOHANBbHOCTbIO, B YACTHOCTMH,
nogaepXXmBaeT pacyeTbl C M3MEHSIIOLLIENCA Cpeaon

(depletion). dN, o

=3 (fii [ B oy (BB + 2y (0
OpenMC uncnonb3yeT Ty e NOorMky cneundukaumm C L N N
reOMeTpMM CSG (ConstructiOn Solid GEOmetry)’ Production of nuclide i from nuclide j

410 1 MCNP. 310 ynpocTtuno cosgaHue oo
— / dE oi(E,t)(E,t) + Y Aisj | Ni(t)
KoHBepTepoB Kak n3 MCNP, Tak 0 .
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HenocpeacTeeHHO n3 3D moaenen CAD. decay )
Loss of nuclide 7
PaspabatbiBaetca B MIT ¢ 2011 roga. Open Depletion: duHamuka mpaHcmymayuu u

source: https://github.com/openmc-dev/openmc pacnada HykAudoe y4meHa 6 mparicnopme

(7120 ocHogHbIx paspabomyukos, 29 ebinyckos 3a 13
71em - UCKITKYUMEbHO 8bICOKUL meMi pa3sumusi)

Paul K. Romano, Nicholas E. Horelik, Bryan R. Herman, Adam G. Nelson, Benoit Forget, and Kord Smith,
“OpenMC: A State-of-the-Art Monte Carlo Code for Research and Development,” Ann. Nucl. Energy, 82, 90-97 3
(2015)


https://github.com/openmc-dev/openmc

C-MO.D,eJ'Ib NTOP B Open MC (https://github.com/openmc-dev/openmc mcnp adapter)

T
400

e 40° mogenb TOKamaka-peaktopa UTIP, koHBepTnposaHHaa n3 MCNP B OpenMC (114
285 Aveek B 6a3oBoit mogenu C-model, E-lite 360°- coTHM TbicAY AYeeK)


https://github.com/openmc-dev/openmc_mcnp_adapter

HenTPOHHbLIN UCTOYHUK

Pa3paboTaHo NO:
. EQDSK Reader https://github.com/dvp2015/EQDSKReader.jl

. HeNTPOHHbIN NCTOUYHUK
https://github.com/dvp2015/TokamakNeutronSurce.jl
. KoHBepTep

https://github.com/MC-kit/parametrized-tokamak-source.git

Mbl MOX¥eM BOCNPON3BECTU HEMTPOHHbIN UCTOYHUK NO
3aaHHoMmy B EQDSK ¢anne coctosHMM naasmbl Mam No
napameTpmn3oBaHHOMY NpeacTaBAEHUIO, KaK 3TO caenaHo
B UTIP.

Bblna paspaboTtaHbl mogenu (OpenMC, MCNP) nctoyHuKa
ANA paBHOBECHOM naa3mbl B TRT ana 3HayeHumn
TOPOWAANbHOrO NOAA Ha MarHUTHoM ocu 8T, Tok S5MA.

Bbina pa3paboraHa OpenMC mogenb UcTovHuKa UTIP
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https://github.com/dvp2015/EQDSKReader.jl
https://github.com/dvp2015/TokamakNeutronSurce.jl
https://github.com/MC-kit/parametrized-tokamak-source.git

HentpoHHbIN notok TRT: MCNP vs. OpenMC
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HeBoOpy*XeHHbIM r1a3om pasnw-mi/'l He BnagHo, 0gHaKo, OHN eCTb U C 3 TUM HaM NpPeacTonT pa36MpaTbCﬂ.

Total neutron flux, nfcm2s



NMpeaBaputensHbie pe3ynbratbl ana UTIP (OpenMC)

Total neutron flux, n-cm/src Heating, eV/cma/src
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PacueT aktTuBauumm

FISPACT — aTo nporpamma, Kotopad ansg 3sagaHHoro marepuana, no saagaHHomy cueHapuio
00ry4yeHns N CnekTpy HEMTPOHOB, PpacCYNTLIBAET AMHAMUKY M30TOMHONO CocTasa U
MHTEHCUBHOCTU UCTOYHMKA POTOHOB (yyumsbieaem ~4000 HyKs1udos).

Mo cytn, R2S (Rigorous 2-Step) onga kaxgoro nepeceyeHus syenkn mogenu MoHTe-Kapno v
SYelrKn (BOKCesnsl) HEMTPOHHOIO MeLla Co34a€eT BXOAHbIE AaHHble, NporoHseT FISPACT u
npeacTaBnsaeT pesynsrar B pa3HOW CTENeHW arperaunmn: no nepecevyeHnsm, syemnkam,
KOMMOHEHTaM.

v

3a2nywKa u Mexrnopmosoe rnpocmpaHcmeo sepxHe2o nopma No8 + HelimpoHHbIl mew



MepeceuyeHns A4eNK-BOKCeN n pe3ynkraThl
j

Mew HEMTPOHHOrO NOTOKa -
/ I’J’k = BOKcen

Cell #1 ”X‘

1o b yrnpouweHoi
- w\’y mckit
Tabaunua HyKAMaoB DOTOHHbIN UCTOYHUK
cell timestep zai atoms activity ... timestep cell i j k rate

1 45 10030... 45 @ ).

2 45 10030.. = » 45 2 .




YTo B pesynkraTe”? DOTOHHbIN MCTOYHUK 1 SDEF (c vtr-file)

Ta6 . C total gamma intensity = 2.65482e+10
ab/inlia HyRANAOB. SDEF PAR=2 EFF=0.001 CEL=D1 ERG=FCEL D2 X=FCEL D3 Y=FCEL D4 Z=FCEL D5
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JluHamuka eKknada 8 003y HyKnudos cepebpa
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“Simple” gekoMno3nunsa No aHepreTM4YeCKUM rpynnam

lekomno3unuma no
rpynnam

Neutron Flux Energy bins
T Material 1
M100 6012.31c 1.16743e-004 SC 12 weight(%) N/A ab(%) 98.93

6013.31c 1.26266e-006 $C 13 weight(%) N/A ab(%) 1.07
. 25055.31c 1.56467e-003 SMN 55 WEIGHT(%) 1.8000

HenTpoHHbIM NOTOK MaTtepunanbl mogenu

Material 2

M200 14028.31c 7.05139E-003 $5i 28 weight(%) 15.5876 ab(%) 92.23
14029.31c 3.58049E-004 $5i 29 weight(%) 15.5876 ab(%) 4.68
14030.31c 2.36027E-004 $5i 30 weight(%) 15.5876 ab(%) 3.09

M400 1001.31c 6.33910e-002$H 1 AMOUNT(%) 2.0000 AB(%) 99.99
1002.31c 7.29080e-006 SH 2 AMOUNT(%) 2.0000 AB(%) 0.01
8016.31c 3.15453e-002 $O 16 weight(%) N/A ab(%) 99.76
8017.31c 1.20164e-005 $O 17 weight(%) N/Aab(%) 0.04

F.o | .
n/sz S ] ' ”SImpIe” X Material 3
Full |
|
|

E,MeV !

aKKypaTHO



Polars — akcnopTt pe3yneratoB FISPACT B ¢pannbl parquet

1. Polars —aTto
BbICOKOMNPOM3BOANTE
nbHasa 6ubnmoTeka
(Rust) ansa pabotbl ¢
Tabnuyamu.

2. [llpumep: gaHHble
FISPACT 50GDb (dns
Hebosnbwoli 3adadu), B
dhannax parquet
3aHumatoT 300Mb
(1:170).

n
../intermediate

3. daunnbl parquet
B gbins.parquet B rundata.parquet kB timestep.parquet B timestep_nuclide.parquet
GCDCbeKTVIBHO & nuclide.parquet & time_step_times.parquet & timestep_gamma.parquet
t intermediate

3arpyxatotca B b1,

https://docs.pola.rs/
https://parquet.apache.org/docs/overview/motivation/
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https://docs.pola.rs/
https://parquet.apache.org/docs/overview/motivation/

DuckDB — ana aHanu3a AaHHbIX

1. Polars He TonbKo BbICTPLIN, HO U NpeacTaBnseT
boraTyto pyHKLUMOHANbHOCTb, BKMNtovas SQL
ceccumn

2. OpHako ¢ DuckDB pabotatb yoobHee

DuckDB

ol Ea ol e MU http://duckdb.org/

.cast(pl.UInt32).alias("cell"))
.join(new data, on="cell", how="left")
.select(

pl.all().exclude("iss cell")

aligned to old = (

)
)
aligned to old

shape: (24, 5)
cell  Activity, Bq/g H3,Bq/g Contact Dose, Sv/h PS Dose, Sv/h
u32 f64 f64 f32 f32
190506 278449.123471 24.184862 0.014855 8.6548e-9
190885 30506.496866 1181.469102 0.001662 9.3427e-10

191136  35644.784636 1123.327434 0.001696 9.7856e-10


http://duckdb.org/

3akrirouyeHue n BbiBoAabl



PaspaboTtaHbl cpeactea cuHxpoHusaummn mogenen MCNP n OpenMC, Bkrntovas mogernb
HEUTPOHHOIro UCTOYHMKA. Mbl B COCTOSAHUN 0BecnevnTb aKBMBANIEHTHbIE MOAENN.

[MpunoxeHne R2S Tenepb B COCTOSAHUM peLlaTb bonee CnoXxHble 3agaymn.

BbibpaHHble HamMn TexHonoruu ansa R2S otnuyHo paboTtatloT Ans 3agad Manoro u
cpenHero macwTaba — Ha oTaenbHOW paboyven ctaHumu. lNpegcTtonT caenartb wWwar K
bonbwomy MacLwtaby, T.e. K pacnpeaeneHHbIM BblYUCIIEHUSIM.

bBasbl AaHHbIX — 3TO HE TONbKO CPEeACTBO AN aHanu3a AaHHbIX, HO TaKkKe U cpeacTBO
KoMMYyHuKauun. [lJokymeHToB Word, Excel ona atoro HegocTaTtouHOo. HyXHbl 6a3bl
OAHHbIX, KOTOPbIE MOXHO MHTErpupoBaTb Mexay cobon. COOTBETCTBEHHO, HYXHb
COrMnacoBaHHbIE:

CXeMbl JaHHbIX,
npoueaypsbl 3arpy3ku n sepudomkaumm,

nporpammHoe obecneyeHue,

cpencTBa Buayanusaumm n Haeurauumm rno nepapxmam atpmbyTos,
OopraHu3auunsi BEPCUOHHOIO XpaHEHUS

N MHOTOE eLLe...

15



bnarogapHocTu

1.

PomaHy PoonoHoBy — nepBomMy aBTopy r2s n oubnmotekmn mckit
(https://qgithub.com/MC-kit/mckit).

KomaHae FISPACT (https://fispact.ukaea.uk) 3a MmoLHOe 1N HageXxHoe
CPeaCcTBO BbIYUCIIEHMA aKTUBALUMWN U 3a NpedoCcTaBrneHHoe oby4veHme.

SpaceClaim, SuperMC, GEOUNED — Hawun oCHOBHbIE cpeacTBa Ans
pabotbl ¢ CAD mogenamu

OpenMC — 3a oby4eHne 1 KOHCYNbTauum

[MpoekTHbIn LleHTp NTOP n HAL, UHctutyT KypyaTtoBa 3a
BblYNCIINTESIbHbIE MOLLHOCTH.

16


https://github.com/MC-kit/mckit
https://fispact.ukaea.uk/

Cnacuoo!

Bonpochbi?

Omutpun Bnaancnasosud lNopTHOB

Ten.: +7 (910) 405 51 73
E-mail: d.portnov@iterrf.ru
www.iterrf.ru

26.05.2024
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HononHuTtenbHble
cnanaobl



1.
OpenMC vs. MCNP...

anbTepHaTUBa ONf «KTePMOoSAAEePHbIX» pacyeToB HEMTPOHHOIO

TpaHcnopTa



BxoaHble gaHHble ANA aHaNMIMTUYECKOro onucaHus
HEMTPOHHOIO UCTOYHUKA (2)

[MapameTpusaumss MarHUTHbIX
nosepxHocten (MI1) nnasmebl:

R = R, + A (W) + a(¥)(cos(t) — §(¥)sin?(t))
Z = Z, + a(W)k(P)sin(t)

Tabnuupbl npodunen napameTpos
reometpun MIN A, (W), a(W¥),5(WP), k(\P)

Tabnuubl NpodUnein MOHHOW MAOTHOCTY U : T,
Temnepatypel n; (¥), T; () i -

condition and the higher density of helium ions on

E. Polunovskiy, “D-T neutron emission rate for standard neutron source for ITER nuclear analysis with MCNP code”, ITER org. doc. IDM no. INAR-005 (2008)



Z, m

NMpodunb ncrouyHuka DT-HenTpoHoB UTOP

Ta6nuua napameTpoB

S

MCNP (. Polunovskiy paper)

Ll

| - !
i T

I

= .|

O pen MC (OpenMC-plotter)

w

~l

(84]

nra3mMbl
V¥ a Agy K 5 T; Naoe
normalized [m] [m] [keV] [10* m?]
6.16E-03 1.400E-02 | 1.81E-01 1.45E+00 0.000E+00 | 2.12E+01 | 8.17E+00
2.18E-02 4.442E-02 | 1.80E-01 1.45E+00 9.694E-03 2.12E+01 | 8.17E+00
3.22E-02 7.484E-02 | 1.80E-01 1.45E+00 1.163E-02 2.12E+01 8.17E+00
4.79E-02 1.053E-01 | 1.80E-01 1.45E+00 1.551E-02 2.12E+01 8.17E+00
5.83E-02 1.255E-01 | 1.80E-01 1.45E+00 1.939E-02 2.12E+01 | 8.17E+00
6.87E-02 1.560E-01 | 1.80E-01 1.45E+00 2.520E-02 2.12E+01 | 8.18E+00
8.44E-02 1.864E-01 | 1.79E-01 1.45E+00 2.714E-02 2.09E+01 | 8.18E+00
9.48E-02 2.168E-01 | 1.78E-01 1.46E+00 2.908E-02 2.07E+01 | 8.18E+00
1.05E-01 2.371E-01 | 1.77E-01 1.46E+00 2.908E-02 2.05E+01 | 8.19E+00
1.21E-01 2.675E-01 | 1.77E-01 1.46E+00 2.908E-02 2.04E+01 | 8.19E+00
1.31E-01 2.979E-01 | 1.76E-01 1.46E+00 2.908E-02 2.01E+01 | 8.21E+00
1.42E-01 3.182E-01 | 1.74E-01 1.46E+00 2.908E-02 1.99E+01 | 8.21E+00
1.57E-01 3.487E-01 | 1.74E-01 1.46E+00 2.908E-02 1.96E+01 | 8.22E+00
1.68E-01 3.791E-01 | 1.72E-01 1.46E+00 2.908E-02 1.94E+01 | 8.23E+00
1.84E-01 4.095E-01 | 1.71E-01 1.46E+00 2.908E-02 1.91E+01 | 8.23E+00
1.94E-01 4.298E-01 | 1.70E-01 1.46E+00 3.102E-02 1.89E+01 | 8.24E+00
2.04E-01 4.602E-01 | 1.69E-01 1.46E+00 3.490E-02 1.85E+01 | 8.26E+00
2.20E-01 4.906E-01 | 1.67E-01 1.46E+00 4.072E-02 1.82E+01 | 8.27E+00
2.30E-01 5.109E-01 | 1.66E-01 1.46E+00 4.459E-02 1.80E+01 | 8.27E+00
2.41E-01 5.413E-01 | 1.63E-01 1.46E+00 4.653E-02 1.76E+01 | 8.28E+00
2.57E-01 5.718E-01 | 1.62E-01 1.46E+00 4.653E-02 1.73E+01 | 8.29E+00
2.67E-01 5.920E-01 | 1.61E-01 1.46E+00 4.847E-02 1.70E+01 | 8.31E+00
2.77E-01 6.225E-01 | 1.58E-01 1.46E+00 4.847E-02 1.66E+01 | 8.31E+00
2.93E-01 6.529E-01 | 1.57E-01 1.46E+00 5.041E-02 1.63E+01 | 8.32E+00




Flux [n/MeV+*cm2s]

HenTpOHHLIN NOTOK B BaKyyMHOMN Kamepe TRT (BHYTP. CRON), mMcNp vs. openMc
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Flux [n/MeV*cm2s]

HenTpoOHHLIN NOTOK B BaKkyyMHOM Kamepe TRT (crnomn «Boga»), mcnp vs. openmc

«BK Boga», cnekTp

. — MCNP vV water flux
1018 4+ ==& OpenMC VV water flux
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«BK Boga» KymynaTMBHoe pacnpeaeneHue
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12.5

Ncnonb3oBanu ogHy u Ty e 6ubnnoteky (FENDL3.1), pe3ynbtathl pasnumyatorca ans

TEn/0BbIX HEMTPOHOB. bByaem pa3bupaTtbes.
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Flux [n/MeV+cm2s]

CneKTp HEMTPOHHOIO NOTOKa B KaTyLwKe TopouaanbHoro nons, TRT, vcne vs. openvic

CnekTp B npoBogHuKe KTT1
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2.
R2S —rigorous 2-step

PacyeT AMHaMuKM TpaHCMyTaLuuM 1M pacnaga - 6onbLIOU

00beM AaHHbIX U BbIMUCNEHUN



MeTtop B no6: “Full”
[MpocTo nporHath FISPACT ans Kaxaooro nepeceyeHunst a4erka-Bokcen n cobpatb

pesynbraTbl. [IpUMeHNM TONbKO ANs TeCTUpoBaHUA (4TOObI co3gaTtbh “pedrepeHCHbIe”
pesynbraTbl) U NPOCTLIX Mogenen. B peanbHbix Mogensax notpedoBannch 661 MUNIMOHGI
nporoHoB FISPACT.

3ame4daHune Ha Nonsix:

EcTb BO3MOXXHOCTb YMEHbLUNTb 0OLLMI 0O6BEM BbIYUCIIEHWUIA, MPUMEHSIA NNHENHYIO perpeccuto. Hke
npumep Npu TpeHnposke moaenn 10% oT Bcex pesynbTaTos.

B “HopmaribHbIX” ycnoBUsX “rioxoxue” HEMTPOHHbIE MOTOKM OOSMKHbI AaBaTb “me xe” pesynbraTbl.
Kaxxgoe cnoBo “e kasbiykax” TpebyeT crneumnanbHOro paccMoTpeHus. [loxoxe Ha TPHOK, HO roguTca Ans
ObICTPbIX OLIEHOK. 0175

0.006 4
0.150 -

0.004 A
0.125 -

0.002 A1

o
-
[=]
S

Test size 90%, R?=1.000

"o! '.f
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L ]
—0.002 1 L

Predicted DPA
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o
(=]
~
w
Predicted DPA residuals

0.025 —0.004 1

0.000 A —0.006 1

T T T T T T T T
T T T T T
0.000 0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.00 0.05 0.10 0.15 0.20 18
DPA nBA



“Simple” metop

JekomMmno3numa 3agaym No aHepreTUM4eCKUM rpynmnam MOXeT YMEHbLUUTb YMUCIO
nporoHoB FISPACT. Npu cbopke pesynbsratoB TPebyeTcsl akkypaTHO BbIMOMHUTD
arpermpoBaHue no aHepreTMYeckum rpynnam — 3To He Tak NpocTo.

dN;
— = Njzxi A jNj = Xjei A1,iNi + 2 (X i 01, j (Ex))NF (Ex) — X jei 07, (B )V F (E))

dt

N; (t) - yHcI0 aTOMOB HYKJIH/AAa1 B MOMEHT ¢, I, j € 1...M - HOoMepa
HYKJIU/ 0B

Aij - NOCTOAHHAA CMOHTAHHOrO Nepexoaa i->j,

0;j - Ce4eHne NHAYLMPOBAHHOIO NepexoAa i->j,

F(Ey, t) —neutron flux vs. energy group distribution (function of time)

B HaweMm ciyyae TPeTUin YNeH YypaBHEHUA JOMUHUPYET HaJ, YETBEPTbIM,

MOCKO/IbKY Ha4asibHble HYKAuobl 8arom 3HayumensbHo boabwuli 8Knao.

Mbl MmoXcem npeHebpeyb AeTaNAMM B3AUMHOIO BAUAHUSA HEUTPOHOB PAa3HOM 3HEPrMn Ha
CKOPOCTb NPOU3BOACTBA U BbIrOPaHUA HYKANA0B B UHAYLIMPOBAHHbIX nepexoaax. TecTbl, 1

He TO/IbKO HallM, NOKa3bIBAKOT, YTO TAKOW NOAXOA, onpaBAaH B «JIMHENHbIX» 3a4a4ax. Lo



Cxema B[] (TonbKo BXoAHble AaHHble, ~15% cxeMbl)

Mew
HENTPOHHOTO
NMNOTOKa U BUHbBI

Auenkn c meta-
nHpopmaumen:
maTtepwuan,
NNOTHOCTb,
nyTo 8 CAD,
RWCL
Knaccmbukaum
A...

dm Input Tables

+  PK_cell_voxel_fractions(INT, INT, INT, INT)

we & ibins =] jvins B kbins =
«columna acolumny tgt'(co\lu‘r::» wcolumna
*PK rwel: TEXT *PK i INT F *PK ki INT
boundary: REAL boundavES boundary: REAL
aPK»n
+ PK rwcl(TEXT) «PK» SRS «PK»
L +  PK_ibins{INT) +  BKIEUEE +  PK_ibins{INT)
+PK_rwel *FK? - 7: -
cells 2 +BK_ibins +PK_Ibins +BK_ibins +PK_ibins
=1 I3 ='k]
acolumns «FKn <EF;(>-

*PK cell: INTEGER 1= K mesh i \ le=eg)
material: INTEGER N _mesh_jbins, +FK_mesh_kbins ;
density: REAL iy éﬁ PR
volume: REAL
minx: REAL \ mesh E
miny: REAL +FK_mesh_ihins +FK_mesh_ehins
minz: REAL acolumny»
maxx: REAL *pfKi: INT
maxy: REAL TpiKj: INT
maxz: REAL *pfik: INT
stp_path: TEXT “pfe: INT

FK rwel: TEXT % flux: REAL

EI relerr: REAL
«FK» . &,
+  FK_cells_rwcl{TEXT) ‘COLU'.“-Eff o 1 . = «FK»
. «FK» cell_voxel_fractions + FK,mES:,EbbW?UNT]]
+  FK_mesh_ibins{INT]
+  IXFK_cells_rwcl(TEXT) acolumns +  FK mesh_jbins(INT)
«PK» “pficell: INT +  FK_mesh_kbins(INT)
+  pk_cells(INTEGER) *PK i INT
“BK j: INT «index»
T2 [e O + IXFKﬁmEshiat?msUNT]
b L + IxFK_mesh_\b!nsthT]
+  IXFK_mesh_jbins{INT)
TESE (L +  IXFK_mesh_kbins(INT)
total_flux: REAL m B
«PK»
«FK» +  PK_mesh(INT, INT, INT, INT)
+ fk_cvf_cells{INT)
«PK»

ebins E
acolumny»
*PK e: INT
boundary: REAL
&PK»

+  PK_ibins{INT)
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Kak paboTtatb ¢ AaHHbLIMU?

B Hawem cny4vae ygobHo npeactaBnsATb

OaHHble Ta6J'II/ILI,aMI/I (rpadobl 1 MHOTOMEpPHbIE KyObl
Takke pasBopaynBatoTcs B Tabnuupl).

SQL — Hanny4wum MHCTPYMEHT Ans
“Npoun3BObHON0” aHanuM3a gaHHbIX B
Tabnuuax. KoHconuaaumsa gaHHbIX ons

RWCL" TpebyeT MmHMManbHOro 3HaHus SQL

(goctaTtovyHo 1 OHSA NPaKTUKK).

Ecnu, Hao6opoT, TpebyeTcst O4YEHb CITOXKHbIN

aHanus, To BblbpaHHas B[] npegoctaBnset
MHOXXECTBO MOLLHbIX U YOOBOHbIX CpeacTs.

©

Eea

&

oD :me® -0

File

8368

Edit View Run Kernel

0 Contextual Help %

a

simple

+ XD O» =

con.execute(

i

attach database {str(storage_ps_dose_path)!r} as ps_dose

{F

.

Tabs Settings

e e o [

= rwelipynb

[

Code

i [r———

rurlipynb - JupyterLab

Help

x Markdown Reference

v Share Natebook ~Format SQL

[33]: def extract 12d data(con] -> pl.DataFrame:
return con.execute(

select
a.c

ell,

c.mass/1000.6 as "mass, kg",

a.activity as

Acti

vity, Bg",

a.activity/c.mass as "Unit activity, Bg/g",

n.activity as

H3 activity, Bg".

n.activity/c.mass as "H3 unit activity, Bg/g",

a.d

ps.dose as "PS dose at 1m, Sv/h",

ose as

"Contact

dose, Sw/h",

from cell time step as a
inner join cell_mass as ¢
a.cell = c.cell

on

inner join ps_dose.cell_time step as ps

on

inner join cell time step nuclide as n

a.cell = n.cell and a.time step number = n.time step number

an
where

a.cell = ps.cell

and

a.time step number = $time step number

and

ps.time step number = §Time step number

n.zai = 10639
order by
a.cell

{"time_step_number®: ti

bopl)

New in vessel data

me_step_12d

new in vessel = extract 12d data(con)

new_in_vessel = (
new_in_vessel.join{old_in_vessel, on="cell").select(
“rwcl”,
*new_in_vessel.columns

)
)

new_in_vessel
shape: (11,9)
rwel

str
"S-band”
"s-band”
"s-band"
"S-band”
“Antenna”

"Antenna"

cell

uiz
189278
189315
189283
189291
185295

189299

mass, kg

fed
0.050034
0.009971
0.364461
0.284915
0.007304

0.05817

Activity, Bq
32
517528.59375
75182.664062
1.5869579¢7
4.28011296e8
2.4820278e7

2.41948672e8

O M1 & Python3 (ipykernel) | Idle

Unit activity,
afg

Féd
10343.496018
7540.503948
43542565153
1.5022e6
3.3383e6

4.1593e6

X+

H3 activity,
Bq

3z
35.559353
5316475
1649864136
39273.363281
2229458252

21418.496094

e® o0

#  Python 3 (ipykernel) O

-]

BArd s FE

H3 unit activity, Contact dose, PS dose at 1m,
Balg sufh su/h

fea [EF F3z

o0.710701 0.002042 2.8718e-10
0.53322 0.000936 5.3842e-10
4.526857 0003122 1.7697e-5
137.842531 0.081359 AT7746e-8
305.2486 0.183724 1.0734e-7
368.20331 0.225319 1.3135e-7

Mode: Command 7 Ln15,Col31  rwelipynb 1 1\ 25



Cell complexity for R2S [ Air cell

_ _ #10562
= number of cell-voxel intersections per cell

Some cells are large, not only
computation their activation is a

demanding task. The aggregation as well. 100

For instance, “air’ cells in the Tokamak
Complex model (presented here for demo
purposes).

Agg.time, s

Fortunately, “air” and “water” cells are to
be excluded from activation
computations: SA2 irradiation scenario
doesn’t make sense for these
substances.

1071 -

We usually extracted R2S model from the 102 100 100 105 108

transport model. In recent scripts we R2S complexity
produce both transport and R2S at the
same time.



Joins are expensive

1. For a simple model we can provide “perfect”
aggregation: taking into account initial values,
separate scaling by neutron fluxes in voxels
and scaling by masses of intersections.

2. But real models are too demanding for every
“join”, so, we have to allow some deviations
from being “perfect”. If initial value is not zero,
than the result is incorrect. However, this is
fixable.

3. The application provides option to select the
mode of processing “—Ilarge-volume”.

fetch --help
| INFO | r2s-rfda, 1.4.1a0
sage: r2s-rfda fetch [OPTIONS]

Aggregate and fetch data produced by 'Run' to 'results' folder.

ptions:

--intermediate-dir TEXT Directory to store intermediate parquet
files [default: (intermediate)]

-t, --threads—INTEGER the number of worker processes to use in
duckdb, [default: (all cpus)]

--large-volume / --no-large-volume
Fetch large volume of data by portions
[defallt: (False)]

--help Show this message and exit.

L)
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3.

What we have to do?



Deployment to cluster S e e e

Bytes stored: 38.76 GiB @ Task Stream

o
S
&
S
@

o
)
&
°
@
)

Bytes stored per worker

1. We are going to apply Dask for _=
dlstr!butgd processing tp get “large .
application (wen both disk and m—
operational memory needs exceed a E—
single workstation capabilities).

2. Other alternatives? e

Progress — total: 12286, waiting: 4710, queued: 745, p 57, y: 715, rker: 0, erred: 0
Imeanchunk 2491/4050 sum-sum-part
exp 1249 / 2025

[andomsampe ] 126172025

sum 718 /2024

‘mean_combine... - 787 /1350
[sumpartial 236/720

mean_agg-agg... | | 32/90

sum-aggregate 0/1

0 100 10 200 20 0 30 40

Dask distributed processing dashboard

https://www.dask.org/


https://docs.dask.org/en/stable/index.html?wvideo=l9sgt2saht
https://docs.dask.org/en/stable/index.html?wvideo=l9sgt2saht

Own C++ FISPACT binding

FISPACT Pyrhon API package provided by NEA/OECD
requires Python3.6

The recent versions of ‘numpy’ require at least Python 3.9.

The 'numpy’ package is “must have” in Python based
analytics projects, so, we need own FISPACT C++/Python
binding package. We have to support at least Python 3.10.

We have to take into account ABI (binary compatibility) with
the quite conservative toolkits available on clusters.

Probably, somebody already did this?

19



Cell-voxel intersection blurring

1. Our cell x box intersection finding algorithm is trade off between the desired
precision and performance.

2. If a cell “almost” exactly fills a given voxel edge, then due to rounding errors
small (~1e-4 of total voxel volume) portions may appear in neighboring voxels.
Currently we filter these cases on some level, but many of them still go to
FISPACT runs, aggregation... The effect on the final aggregated result is
negligible, so, the resources and time are just wasted.

3. We have R2S configuration options to filter out this artifacts, but it seems too
rough approach. We could “de-blur’ these portions returning them to dominating
neighboring cell, before creating cases for FISPACT. | hope, a single SQL
statement will do. But, this requires proper testing and, therefore, time.

20



PeweHusa ans
cpegHnX oobLemoB
ONaHHbIX

[.B. MoptHos, tO.I". Bbicokux, FO.A. Kawyk, P.H. PoanoHos,
Tokamak ¢ PeaktopHbiMu TexHonoruamu (TRT): MpeaBapuTenbHblii AHanus ApepHoro QHeprosbiaenexus B
KaTywkax TopovaansHoro Mons // dusuka Mnasmel



