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NAN PAH

K rnobanbHbiM npobriemMam COBPEMEHHOW SIAEPHOU 3HEPreTUKM
OTHOCATCA: HaKOMSIEHME pPagNOaKTMBHbLIX OONTOXUBYLLMX MPOAYKTOB
SOEPHbIX peakumn, npexae BCero MMHOPHbIX akTuHmgoB - MA, unx
nepepaboTka M yTunmnsaums, noTeHuuanbHbIM PUCK BO3HUKHOBEHMUSA
aBapun, B TOM 4uCrle CBSA3aHHbLIX C MOTepeu ynpasfeHuUa LienHou
SOEPHON peakumu, 3amMblkaHue SO0epHOro TOMMIMBHOMO  LMKNA,
pasBuTHUEe A0EePHON 3HEPreTUKM Ha OCHOBE ypaH - TOPUEBOro LMKIa
(232Th+n—233U).

CyLLEeCTBYIOT U paccMaTpuBalOTCA HECKONbKO HanpaBneHunh Ans
pPELLEeHUs 3TUX NPOONEeM C UCMONb30BaHUEM:

- peakmopoe Ha 6bicmpbix HelmpoHax - bP,
- 2ubpPUOHbIX MepMOosiOepPHbIX peakmopoe,

- yckopumeJsibHO — yripaeJsisieMmbix cucmem (ADS)



GGl ADS u peakmopbl Ha 6biIcCMPbLIX HelIMPOHax

Konnyectso MA B apepHOW 3HepretTuke, NnoCTpoeHHoM Ha BP, B nydwem
Crnyyae BbIBOOWUTCH Ha pPasHOBECHbIU yposeHb U He obecriequeaemcsi uUx
MOfIHOEe YHUYMOXEeHUe.

Ona adpdektnBHoro BbiropaHna MA, MX KONMUYECTBO B TOMNMMBE [OOSTKHO
npesbillaTb pPaBHOBECHbIN cocTaB. Ecnu koHueHTpauus MA B peakTtope
MeHbLLE PaBHOBECHOIO YPOBHS, TO OHW ByayT HakannMeaTbCsA B TOMSMBHOW
KOMMO3ULMN.

[MoBblweHne KoHueHTpauun Pu n MA B Tonnuse cBblwe ~5 - 10% (4TO HUxXe

PaBHOBECHOIO YPOBHS1) pPe3KO CHMXaeT 6Ge3onacHOCTb peakTtopoB. [s
3Hepzaemu4eckux SI0epHbIX peakmopos8 ucrofb3ogaHue cmewaHHoz2o0 U-Pu
mornnuea ¢ KoHueHmpauusmu MA, 6rnu3skol K paeHO8eCHOU rpakmu4yecku

HeB80O3MOXHO. [ns paspabambeieaemozo BP BPECT-300, 8 komopom rpedrionazaemcsi
ucrnonb308aHue cMmewaHHo20 HumpulOHozo U-Pu monnuea, obwuli Maccosbil rnpouyeHm
u30morios rniymoHusi 8 mornuee cocmaernsem (13.2 — 13.4) %.

B npomueorionoxHocme 3amoMy 8 Hekomopbix cxemax ADS, Hanpumep,
mpaHcmymauus MA e npsaMoM rpomoHHOM ry4yke unu e brnaHkeme cC
O2paHU4yeHHbIM  YMHOXeHueM, 20e ucrionb3yomcss mosibko MA, ux
Kornu4yecmaeo Moxem bbimb CHUXEHO npakmu4yecku 00 HyIIA.



AOKOHOMUYECKUE U NONIUTUYECKNE acNeKTbl
MCNOJNIb30BaHNs ObICTPbIX PEaKTOpPOB

AN PAH

Gonee sbicokasi cmoumocme 8 cpasHeHuUU ¢ BBOP,
Obbem pbiHKka 05151 maKux peakmopos 8 Poccuu ogpaHU4eH,

3kcriopm BP  npakmu4vyecku HEBO3MOXeH U3-3a  [10JIUMUKU
HepacrpocmpaHeHUs1 10epHO20 OPYKUS.

K Hacmosiwemy epemeHu 6 Poccuu ompabomaHa mMosbKO
mexHornoausi bP ¢ Hampueebim mernnoHocumernem. [lo HUM co3daH
mexHu4yeckul  peenameHm. Coz0aHue Opyaux munoe bP
nompebyrom OnumeribHbIX uccriedogaHuli U  MPOMbIWIIEHHbIX
3KCrepuMeHmos.

Kakum 6ydem okoH4YamerbHbIlU 8bi6op murna 6biIcmpo20 peakmopa
015 A0epHoOU 3HepaemuKu celdac mpydHo rpedckalame.
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ADS u 2ubpudHbie mepmosioepHbie peakmopbi

ADS He umerom Kakux-nubo He peweHHbIX MNPUHYUNuUanbHbiX ¢u3u4ecKux
npobrsieM, makux Kak yrnpaensemass mepmosidepHas peakyus, 20e uccredoeaHusi C
rnepemMeHHbIM ycriexoMm rpodosmkaromces yxe cebiwe 60 nem.

Bbicokasi CJI0)XHOCMb TMOPUOHOro TEPMOSAAEPHOrO peakTopa, NPakTU4YeCckn B O4HOM
MECTE CKOHLEHTPUPOBaAHbI BbLICOKOTOYHbIE MAarHUTHbIE CUCTEMbI YAEPXaHUSA NNnasmbl,
BbICOKME TemnepaTtypbl U CBEPXNPOBOAUMOCTb, BaKyyMHble CWUCTEMbl W CUCTEMBDI
oxflaxaeHuna, pasHonnaHosble cuctembl no D, T, Li, genswmmca nsotonam, a B psge
CnyyaeB YCKOpPUTENbHbIE CTPYKTYPbI ANS UHXEKLMU TSHXKENbIX MOHOB.

AHOMasnbHO ebicoKasi KOHUeHmpauusi 32U e monnuee U-Th yukna v3-3a XeCTKOro
CMeKTpa, W, COOTBETCTBEHHO, YBEMUYEHUS CeYeHusi peakuuin (n,2n; n,3n) ¢ POCTOM
SHEpPrunm HENMTPOHOB (Ha NOPSAOK Bbiwe B cpaBHEHUN ¢ BP). OTo cylecTBEHHO OCNOXHUT
N yoopoXxaeT npouecc obpalieHns ¢ TONSIMBOM 3a CYET BbICOKOW 3HEPrun y — KBaHTOB,
ncrnyckaemblx npogyktamum pacnaga 22U, wn yBenuyeHuMs nIOTHOCTU OCTaTOYHOro
TennoBbIAeNeHns N3-3a CpaBHUTESNbHO KOPOTKOro nepuoaa nonypacnaga 22u.

B monnuee U-Pu uyukna Gypetr Gonee ebicokass KOHUeHmMpauusi ?*Pu, KOTOpbIN
obecneynBaeT BbICOKYHO MITOTHOCTL TennoBblaeneHns B OAT.

MuweHHO — 6naHkemHbili kKomnnekc ADS 6asupyemcss Ha ompabomaHHbIX
PeaKkmopHbIX MEXHOJI02UsIX U MEeXHOsI02UsIX UHMEHCUBHbLIX UCMOYHUKOS
HelimpoHOe cnaJsiniauieH muna, He UMeeT Kakux-nmbo NpUHUMNNanbHbIX OrpaHUYEHUN.
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AN PAH

OcHoeHble npeumMmywecmea ADS

ADS ycTaHOBKM 06nafatoT cneayoummMm npemmMyLLLecTBaMu:

Pabota B rnyboko MNOAKPUTUYECKOM pexume, YTO KapauHarbHO
CHMXaeT PUCK BO3HUKHOBEHMA SiAEPHON aBapuun.

Bo3MOXXHOCTM UCNOMb30BaHUSA OENdAWUXCAa MaTtepuanoB C  HU3KOW
adeKTMBHON fornen 3anasgbiBalowmx HEUTPOHOB (23°Pu, 23U, 27Np,
MA).

BoaMmoXHOCTb co3gaBaTb OrnaHkeTbl ¢ Ha ocHoBe MA, npu ycnosuwm,
4YTO cucTema B nNObBoON cuTyaummn, B TOM YUCE U NPU MakCcMManbHOW

NPOEKTHOW aBapuu, OyaeT HaxoouTCs B MOAKPUTUYECKOM COCTOSIHUMW.
Yeenu4yusaemcsi 3anac epemeHu Ha cpabambi@aHue op2aHo8 asapuliHol 3auumsl U
peayrnuposaHusi, 8 coyemaHuu ¢ NPakmuyecku MeHO8eHHbIM COPOCOM MyyKa MPOMOHO8
rno cueHany cpabamsigaHus A3, amo 2apaHmupyem O0CMmaHO8 CUCmeMbl 8
MOOKPUMUYECKOM COCMOSIHUU axe rnpu NosioxumeribHbIX 3¢hghekmax peakmusHoCmu.

Bo3MoxHOCMb pacuwupeHHo20 eocrpou3sodcmea ssi0epHo20 monsuea
ona ASC npu cxueaHuu MA C OOHOBPEMEHHBLIM MPOU3BOLCTBOM
SMNEKTPOIHEPTUN.

OcHOBHbIe BOMpockl 0 LienecoobpasHocT ADS 0THOCATCS K SKOHOMUKE.
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1 )
\ INR RAS OcHoeHble npeumywecmea ADS

Ona U-Th ymkna, nepBoHavanbHble HapaboTka u HakonneHue 233U moryT 6bITb
ocywectBrneHbl B ADS (6e3 npuBrneyeHuss peaktopoB), C WUCMOMb30BaHUEM
Tonbko OAT — MA,

Ana U-Pu uukna, rae B OCHOBHOM WUCMOMb3YKOTCA TENSoOBble peakTopbl Tuna
BBOP, ADS moxeT noBbICUTb KO3I(dUUMEHT mcnonb3oBaHus 22U 3a cuet
KOHBepTauumn ero B 2°Pu B bnaHkeTax ¢ og4HOBPEMEHHbLIM BbhkuraHnem MA un3
OAT (6e3 [ONOMHMUTENBHOIO NPUBIEYEHU AOEPHOrO TOMMNKMBA, Kak 3TO MMeeT
mecTto B BP).

ADS c xudko-conesebim briaHKkemom

MoryT uMeTb 3HayuTenbHO MEHbLUMA OO0beM akTUBHOM 30HbI B
cpaBHeHun ¢ XXCP un, COOTBETCTBEHHO, 06bEM MeponpuaTUn Ans
rfiokanusaunmn BO3MOXHbIX aBapUNHbIX CUTYyaL M.

CnocobHbl nogaepXuBatb NOCTOSHHLIA YPOBEHb MOLLHOCTM OraHkeTa B
YCITOBUSIX U3MEHEHUS U3OTOMHOro cocTaBa bnaHkeTa W, COOTBETCTBEHHO,
KoappmUMEHTA YMHOXEHUSI 3a CYeT WU3MEHEHUA WHTEHCUMBHOCTMU
NPOTOHHOTO My4Ka.



{
\

WewlP OcHoeHasi npobrieMa ADS u €03MOXHbIe

nymu peweHust

[MepevncneHHble dakTopbl CMOCOOHbLI MOBLICUTH KOHKYPEHTHOCTb ADS u
4acmu4YHO HUBENUPYIOT OOUH U3 2J1a8HbIX HeA0CMmamkos.

Bbicokasi cmoumocmb rnepeuyYHbIx HeumpoHoe, 00ycnoBneHHas
Heo6GX0ANMMOCTLIO UMETb YCKOpUTEerNb C MOLHbLIM MYYKOM (HECKOJSILKO
MBm) n 6onbwumu 3ampamamMu 3/71eKmpo3Hepauu Ha cobcmeeHHbIe
HYKObI NOTPEBNAEMON YCKOPUTENBbHBbIMUK KOMNnekcamu (Oecsmxu MBm).

[ns ononHUTENbHOM KOMMEHCaLmMM 3TOro HegocTaTtka MOXHO paccMmaTpuBaTtb
coyetanue [IAC (hydro power plant — HPP), kak agppexkmusHozo
Hakornumerss, KoHOeHcamopa u rpeobpa3osamerisi CO/THEYHOU 3Hepauu 8
3/1eKMPUYECKYI0 MpaKmu4yecku C Hyresou MmOr/iueHoU cocmasnswouwel 8
CMpYKmMype UeHbl 3/1eKmposHepauu, criocobHocmbto bbicmpo U3MeHsImb
MowHocmb (om Hyrns 0o nosiHotu — om 30 ceKyHO 0o 2 muHym) n ADS, kak
MPOMEXYMmOYHO20  YMHOXUmMersis  amoU  COJ/IHeYHOU  3sHepauu, m.e.
npousgodumens Oenawuxcsd mamepuanog 0na A3C, cobcmeeHHoU
8bIpabomkKu areKmpo3Hepauu ¢ ucrnosib3osaHuem mosibko OAT.




ADS Kak 6e3onacHbulil «3e1eHblil)
YMHOMCUMETIb COTHEYHOU IHEPIUU.

B rmbpugHon cesiske HPP+ADS apdekTBHOCTL yckoputenst u
BbICOKME 3aTpaTbl Ha COOCTBEHHble HyXAObl He OyaeT wurpartb
pewatwowen ponn. 3T 3atpatbl MOryT OblTb NEepPeKpbITbI
CTOMMOCTbIO  MPOM3BEAEHHbBIX OensAWwMxcd maTtepuanoB Aangd
aTOMHOW 3HepreTukn, 4vactuyHom ytunmsaunen MA wn gpyrumm
YNOMSHYTbIMW ddaKTOpamMu C UCNONb30BaHMEM M3Ha4anbHO bonee
aeweBon NoTpebnaemon 3neKkTPO3HEPrUeEN.

ADS wmoxHO paccmampusamb Kak b6e3ornacHbil  «3er1eHoU»
YMHOXuUmersrb U rfpeobpasosameri  COMTHEYHOU  3Hepaul,

pabomarowelti morbKo Ha moriuee, eblderieHHoM u3 OAT.

Bo psde 3apybexHbix cmpaHax ucrnonb3ogeaHue ADS 0ns
mpaHcMmymauuu Oonzoxusywux MA u npodykmog OerieHusi ¢
rnornymmHbIM — ripou3eodcmeom  3Hepauu, U  [pou3eo0cmeom
oenswuxcsi Mamepuaros 05151 ASC cyumaemcsi npuopumemHaiM.
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(\ INR RAS UH)xeHepHO-mexHuU4YecKasi 60npockl U
803MO)KHbIe NMymu peuweHusl.

K nHxxeHepHo-TexHndecknum npobnemam ADS MOXHO OTHECTU BBOA

MOLLHOrO NPOTOHHOIO MyYKa N co3gaHue OONTOXUBYLLUUX MULLEHEN

C BbICOKMM BbIXOOM HEWUTPOHOB.

Bo3MoOXHbIe nyTH peLleHuns:

®* CospgaHune HECKOJbKNX MULLEHHbIX CTaHUNK C
COOTBETCTBYIOLLEM APOOneHneM Nyyka N ero pasBoakon,

®* YBenuueHwe nnowiagn nornepeyHoro ceyeHud nydka nepen
BBOOAOM B MWUWEHb C LUEMbl0 CHWXEHUS paanaunoHHOMN
Harpy3ku Ha NepBYyl CTEHKY MULLEHW, Nockonbky B ADS, B
OTNN4Yne OT HEUTPOHHbBIX NCTOYHMKOB HA OCHOBE BbICOKOTO4YHbIX
NPOTOHHbLIX MYYKOB, HET CTOMb OCTPOM HeobXoauMMOCTU B
KOHLEHTPUPOBaAHHOM Nyu4Ke,

®* Co3gaHve BpallalWMXCAa MULLIEHEN C LUenblo ganbHeunLero
CHWXEHUA paanauuoHHOW Harpysku Ha NepByto CTEHKY MULLEHU
N MULLIEHb B LENOM W, COOTBETCTBEHHO, YBENMYEHUA CpoKa
Ccny>6bl MuweHn 0o ~ 5 net.
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Possible solutions -
Increasing the cross
sectional area of the beam
and the rotation of target
around its axis

Free area above the reactor to
replace the FA, target, and other

X operations 19 -
v 1] .
| |

""""""""""" Y

The shape o

beam and ion

guide (narrow — 4-

ellipse)

— 5
a) b)

Schematic of the input of a proton beam diagonally (sideways from above): (a) with separate cooling
window on the removable portion of the ion guide; (b) with placement of target module inside vacuum
chamber that is connected with the proton guide.

(1) Removable part of proton guide; (2) vacuum shut-off gate and beam-bending magnet; (3) vacuum
chamber; (4) target module; (5) blanket; (6) water level in body after breakdown of window or target module



HekoTopble KonnyecTBeHHbIe oueHkn ADS

Ha npumepe NpOTOHHOro yCKOpUTEns C MOLLHOCTbIO nyyvyka Pz~ 1 MBm n ¢
SHeprnen npotoHos E, ~ 1 [3B. B panbHenwem 3TO MO3BOSMUT FErko
nepecynTatb pesynbratbl Ha Nobble gpyrne napaMmeTpbl NPOTOHHOIO NyykKa.

JHeprusi NpoToHos - E,, 3B 1.0
CpeaHun Tok — |, MA 1.0
MowHocTb nyyka — P, MBT 1.0

Yncno nepBmMYHbIX HEMTPOHOB UCTOYHMKA HA OOMH MPOTOH
(BbIXO4 HENMTpoHOB) — Y, n/p

OGP PEKTMBHOCTb BHELLHETO NCTOYHUKA HEMTPOHOB — W ~1.2

~ 24

Bbixod HelumpoHoe. [Ons npotsxeHHbix W, Hg, Pb muweHen - Y = 18 — 20
n/p.

[Ana mMueHn Ha OCHOBE MPUPOOHOrO Memarsfnu4yecko2o ypaHa ebixod 8 Odea
pasa eblwe 3a cyem OefieHUs s0ep ypaHa 8 KackaOHO — ucriapumesibHOM
npoyecce

B cpaBHeHMMW C WUCTOYHUKAMW HEWTPOHOB HA OCHOBE CUNbHOTOYHbIX
yckoputenen, ebixod HelimpoHoe 8 ADS HecKosibKO ebiwe npu rnpo4vyux
paeHbIx ycsioeusix, 3a c4Yem npodosLKeHUs pa3eumusi KackaldHo-
ucnapumesibHo20 rnpouyecca e b6naHkeme (3a npedenamyEMUUSHU) U}

coomeemcCcmeeHHOo, rnosieJieHusi (3OI'IO.I7Hleel'll::HbIXv HeﬁmpOHOG
1HOMAOULIIIIZD
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E. ~ 1 3B 6nu3ka k onmumanbHou ~ 1.3 3B
(SNS — USA, npoekmsbi ADS)

Bbixod HelimpoHos
rnod delicmsuem
ryyKa rnpomoHo8 u3
CBUHU080U MULWEHU
npu 3Hepausix
0.1+100 B

OnmumanbHas
3Hepaus
obycioeneHa
KOHKypeHuyueu
cnedyrouwux
npouyeccoea:

Y6biBatowmnx ~ 1/E, a No JOCTUKEHUM MUHUMYMaA MegneHHO pacTywmx ~ In(E) -

MOHN3AUNOHHbIX

noTepb,

YBenuyeHne oTToKa 3HEPrnn B aNEKTPOHHO-(POTOHHBINA Kackaz (npexae Bcero 3a cyer
WHTEHCMBHOIO POXAEHUA N pacnaga HeuTpanbHbIX MMOHOB - TT°) B panioHe 600 -1000 MaB;
BospacTaHue cpegHen aHeprnm BTOPUYHOIO N3MNyYeHNsT NOKNMOAILWErO MULLIEHD
OrpaHWYEHHbIX pa3MepoB

mu

aKmMopblI 06ycnoeunu rnosigJszieHue rioJsioeoco ornmumMymMa - MaKkcumalsibHoO20

ebixo0a HeamPOHOB Ha eOUHuuy 3ampaquHOL7 JHepeauu, usiiu MUHUMaJllbHbIX

yOenbHbIX 3ampam 3Hep2uu Ha 0OUH nNpou3eedeHHbIl HelimpoH
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KoadhdomumneHT ymHoxeHusa — M (k)

CkopocTb BbiropanHusa MA, krirop, -
[Mpn Mcnonb3oBaHUK KOMMITEKCOM:

50% wn 75% rogoBoro BpemMeHu

CkopocTb 06pa3oBaHus OENSALLMXCA N30TOMOB B
30HEe BOCMpomn3BoaCcTBa Npu KoaddumumneHTe
BocrnpoussogcTea - KB ~ 1.3,

CpegHsa tennosas mowHocTb ADS, MBT

Bo3amoxxHasa anekTpuyeckas MOLHOCTb,
BblpabartbiBaemasa ADS npu k.n.a. ~35%, MBT

Kr/roq

Macca ypaHa u

Hyknudbl

mpaHcypaHo8
U-235, 236, 238 21789.1
Np-237 14.26
Pu-238, 239,
240, 241, 242 A
Am-241, 242,
242m, 243 —
Cymma
TpaHcypaHoB e

Bo3mo)kHble napamempbl ADS e 3asucumocmu
om KoaghghuyueHma yMHOXeHusi

5(0.8) 10 (0.90) 20 (0.95) 50 (0.98)
2.29 | 4.58 9.15 22.9
343 | 6.86 13.73 34.3
298 @ 595 11.9 29.8
4.46 | 892 17.84 44.6
9.71 1842 @ 35.84 88.1
3.4 6.5 12.5 30.8

B npegnonoxeHuun, yto ADS noTtpebnsiet ~ 20 + 25 MBT an.
aHeprum, npu M 20 sHepreTuyeckuii 6anaHc MOXeT GbITb
NONOXUTENBbHLIM C YY4ETOM 3N1IEKTPOSHEPTMM NPOMN3BEOEHHOMN
Ha ADS wu noTeHuManbHOW 3HeprMnm AdeneHus B
HapaboTaHHbIX AENsLWMXCS N3oTonax.

Macca ypaHa u mpaHcypaHo8, codepxxauuxcsi 8 23 m
OAIT, exxe200HO 8biepyxaembix u3 1-eo 6noka BBOP —
1000, ke/200 (20008asi MPoOU380OUMENILHOCMb).

Ansa ebpkueaHuss uzomonoe Am u Cm om ~ 10
6510k06 BB3P-1000 (~ 290 k2/200) Heob6xoduma

ADS ¢ mowyHocmebro nydka ~ 10 MBm.
v
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3mo O00HO U3 OCHOBHbLIX nrpenamcmeuld Ha nymu
peanusayuu ADS - cnuwikom ebicokue mpeboeaHusi K
MOWHOCMU ycKopumeJsisi U MUWeHU.

Lnsa CHuUXeHusi MowHOCMU  [POMOHHO20 ry4Yka U
yeernu4yeHusi  Kosudecmea - mpaHcmymupyembix  MA
Heobxodum ebicoKUU KoaghuuueHm ymHoxxeHuss (M = 100),
KomophbIil uMeem ceou ozpaHu4yeHusi u 0ormkeH bbimb Kak
MOXHO Huxe (M ~ 20 + 50), ocobeHHO rpu ucriosib3o8aHuu
ropo2osbix Oensauuxcs u3omorios, u3-3a Heobxodumocmu
umems pe3ep8 Orii KOMreHcauuu PpUCKO8, CBS13aHHbIX C
803MOXHbIMU asapulHbIMU cumyauusiMu U Mo8bILUEHUEM
ypo8Hs1 bezoracHocmu.

16



< NRRE Bo3MOxHbIU 8b1x00 - MHO20CEKUUOHHbIe ADS,
MoCMpoOeHHas rno KackaOHoOMYy MpuHUUny

Mexay QOBYMSi akTUBHbIMW 30HaMMU,
Kakaasi U3 KOTOpbIX HaxoauTCst B Noa-
KPUTUYECKOM COCTOSIHMM, CYLLECTBYET
OOHOCTOPOHHSISt HEUTPOHHAs CBSA3b.

I'IepBa;l CeKUuna 4dBndeTca MnpoMexy-
TOYHbIM Yycunutenem Aand HGI7ITpOHOB,
poXxaeHHbIX B MULLEHMN.

B Teopuu, nepexog k BapuaHTy ADS
KackagHoro  Tuna, npegocTaBnser
BO3MOXHOCTb 10-kpaTHOro nosblLLe-
HUS 3ddEKTUBHOCTN OnaHkeTa wnu
CHMXKEHUS MOLLIHOCTM My4Ka.

[Ana peanbHbiX 3HepreTndecknx ADS
MOLLHOCTb My4Ka, BEPOSATHO, MOXET
ObITb CHWKeHa B ~ 4 pasa npu TOMm,
4YTO Kaxgasa cekumsa dygeTr HaxoguTcs B
rnyBoKO NOAKPUTUYECKOM COCTOS-HUN.
Onsa tpaHcmytaumm 300 kr MA B rog
notpebyetca yckoputenb ¢ P, ~ 2.5

MBT.

[My4ok npomoHos — Ip, p/c

MuweHs =Y, n/p

U3 MUteHU — I = Y-, n/c

1-1 aKmusHas 30Ha
M <20

/ HelimpoHel, ebinemaroljue

Dekonnep, obecriequsaroyuli
0OHOCMOPOHHIOI0 C853b MEXOY
aKmusHbIMU 30HaMU

\>{<

2-51 aKmugHasi 30Ha
Mz ~ 50

|

HelimpoHbl, ebinemarowyue u3 Konuyecmeo denenuli sdep
1-U akmueHoli 30Hb! 60 emopylo 80 2-U akmugHoll 30He —
- Iz~ (ni-1-a1) MiY-lo, n/c Iz ~ [(n1-1-a1)v2]- My M2Yly, den/c

o



AV PAR O6wasn nHdpacTpykTypa

CUINbHOTOYHbIN YCKOPUTESNb, 3KCNEPUMEHTasbHbIN KOMIMMEKC, BXOAALLNNA B
€ero COCTaB HEMTPOHHbIN KOMMAEKC 00pasyloT eauHyto cuctemy

I — — _ /q\ _________
e — —  — — X
L — L L L "
YckopuTte (] /‘
Nb /
~720 m i
IKkcnepuMeHTan

bHbIN KOMMNJIEKC
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: Hi
Linear Accelerator qdN

Isotope Production "R
H* 0.75 MeV 100 MeV 160 MeV FaC|I|ty 247 MeV 423 MeV 602 MeV
:1 \5 Experimental Area
J J N - :E :‘-- ----- 1»
RFQ C,

Low energy part of accelerator High energy part of accelerator
5 Drift Tube Tanks 27 four-section Disk and Washer
Frequency — 198.2 MHz cavities
Output energy- 100 MeV Frequency 991 MHz

Output energy- 600 MeV



OcHoeHblIe napamMmempbl yCKopumeJis

MakcumanbHble [MapameTpsbl
OcCHOBHble NnapamMmeTpbl
cKopUTENS [MpoekT AOCTUTHYTblE Anperb,
y napameTpbl 2020
NoHbI p, H p P
OHeprus, MeV 600 502 260
MmnynbCHbIN TOK, MA 50 22 16
YacTtorta nmnynbecos, Hz 100 50 -100 50
AnutenbHocTb MMNynbea, Us | 1 - 100 0.5-200 0.3+200
CpeaHuin Tok, JA 500 180 150

CyLU,eCTByIOT HECKOJ1bKO 3aa4d, HarnpaBIlleHHbIX Ha nogaep>xXaHme n pa3snutue

yCKOpUTENS:

* YBenuvyeHune 4acToTbl NMOBTOPEHUA UMMYNbLCOB A0 MNPOEKTHOW BENUYMHbI
100 Ny, 4TO NO3BONUT YOBOUTL MHTEHCUBHOCTbL YCKOPAEMOTO Ny4Ka;
* YBenuyeHue 3Hepruun nyyka rno mepe rnocmyrifieHus krnucmpoHos 0o 500

MaB.



INR RAS JKcnepumMmeHmMarsibHbIU KOMIJIIeKC

30aHue akcriepumeHmarnbHo20 KoMrinekca umeem pasmepbl 130%60 m.

o ecel nnowadu 30aHusi umeemcsi pyHOameHm monuuHou 2.5 M, obecreqyusarowul
eeodesuyeckyo cmabunbHocmb 060pydo8aHUs U 3auyumy epyHma u epyHmoebix 600 om
akmusayuu.

ModobHoe ocHoBaHUEe M0380sI9eM U3MEHSIMb KOHghu2ypayur UOHOMPO8oo08 U
paduayuoHHOU 3awumbl 80Kpye HUX, NpoKiadbieams HOBbIE My4YKU K Opy2um
3KcriepuMeHmaribHbIM ycmaHo8Kam.

Pas3bopHas paduayuoHHas 3aujuma 80Kpye UOHOMpPo8odos cobupaemcs u3 6110ko8 ocobo
msiXKernoz2o u msixenno2o 6emoHa ninomHocmeto 3.5 e/cm?® u 2.35 a/cmM? coomeemcmeeHHo.
TexHomoau4yeckue noMeuweHUs1 pacrionoxXeHbl 8 npuUcmMpoUKke 30aHus.
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SKCITEPUMEHTAJILHBIN KOMILIEKC
AN PAH
2010T.
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PacnionoxeHue 06beKkmos sKcriepuMeHmarbsHO20 KOMII/IeKca - cucmem rpo8ooKU I1y4KO8,
paduauyuoHHOU 3awumsl, HeUMPOHHbIX MULEHeU, HeUMmPOHHbLIX CIEKMPOMempos u

UH)>XeHepPHbIX cucmem
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JKcnepuMeHTanbHbIM KOMMIEKC 060pyaoBaH:

* 3aMKHYTbIMW CUCTEMAMU OXNaXOEeHUS MarHUTHbIX 3f1IEMEHTOB NMPOTOHHbIX
KaHarioB U BTOPUYHbIX MYyYKOB 3apsiKeHHbIX YacTul, cucteMmamm
oxnaxaeHnsa BakyyMHoOro obopyaoBaHnst U UICTOMHUKOB MUTAHUS
MarHuUTOB W FINH3.

* 3aMKHYTbIMU CUCTEMAMM OXIAaXXOEHNSA NEPBOro U BTOPOro KOHTYPOB
HEWTPOHHOIo NCTOYHMKA TEMSTOBOW 3aLLMTbI U NIOBYLLKM My4dKa C
MakcmmarnbHbIM pacxogom Boabl ~ 180 m3/vac,

* Cucremon BoaonoaAroToBKU,

¢ Cucrtemon cneuBeHTUNALMN U CUCTEMON O03UMETPUYECKOTO KOHTPOSS,

* Cucremon cbopa u xpaHeHUs1 pagmoakTUBHOM BOAbI NEPBOro KOHTYpPA,

* [MpomMexyToYHbIMK XpaHUMLLLaMN 019 BbIBOAUMBIX U3 SKCNyaTaumm
MULLIEHHbIX MOAYNEN U OPYrMX KOHCTPYKTUBHbLIX 35IEMEHTOB.

* Cucremamu neperpyskm pagmoakTUBHbBIX MULLEHHbBIX MogySen n ap.
3N1EMEHTOB.

* CuctemMon nNUTaHna NUH3 U MarHUToOB,

* [ABymMsi 06bI4YHBIMW MOCTOBbIMM KpaHaMu rpy3nogeMHOCTbIO 40 32 T.

Ha sceli nnowadke skcnepumMeHmarnbHO20 KOMIIfIeKca npuHsima 20pu3oHmarbHasi
passodka rydyka, Komopbil rpoxooum Ha ébicome 1.5 M om Hyrnegou ommemku (rona).

23
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®omo  uyeHmparsnbHOU  8epxHel  4Yacmu  KOMrifiekca
UCMOYHUKO8 HelimpoHo8: 1 - BOKC UMIYIbCHO20 UCMOYHUKa
HelmpoHoB, 2 - BEPXHSS Yacmb MUWEHH020 MOoOyns. 3 —
emopoli 6oKc, 4 - eepmukarbHble Poxodku sl ycmaHo8KU
0ornosIHUMeNbHO20 3KcrepuMmeHmarbHo20 obopydosaHusi, 5
- HelmpoHo800bI - 6 - cmanbHas 3aujuma MPOMOHHbIX
My4Koe.

MMnNynbCHbIN UCTOYHUK TennoBbIX HeuTpoHoB UH-06

1 - 60KC UMMynbCHO20 UCMOYHUKa HEUMPOHOS, 2 -
emopoli 6okc, 3 - wubepnbl, 4 - 8epmuKasibHbIe
rpoxodku Ha HelimpoHogodax duamempom 0.9 M ¢
ycmaHo8KU O0MOMHUMEeIbHO20 3KCIepUMEHMarlbk
obopydoeaHrus, 5 — HelimpoHo800bI duamempom O
- Xerne3Has 3auuma, 7 — rPoMEeXYMOYHbIE XPaHU
2as308bix 6bakos u amrnyn (Modyrneti) HelimpoOHHO20
UCMOYHUKA U JTI08YWKU MyY4Ka, 8 - MPOMOHHbIE MyY
pa3bopHas 3awuma, 10 — bemoHHas 3awuma, 11
rnomeuweHue u obopydosaHue crieyuanbHoU
eeHmuiAyuu, 12 — obopydosaHue nepeo2o KOHMy,
oxnax0eHusl (Hacochkl, huribmpbl, MernI00bMeHHU
— mennogas 3aujuma, 14 - wupokoarnepmypHbil K
16 — wubep wupokoanepmypHo20 KaHana.

Pe———




INR RAS OcHoBHble anemMeHTbl MH-06:
Bopooxnaxgaemblin Mogyrb BbICOTON ~ 4 M,
¢ W — muweHbto, 3amegnutensmu, Be -
oTpaxaTensamu, 3aluTHON NPoBKon ¢

General view
of the target
module

e —E

KaHanamu gns rnpoxoga TenfnoHocUTens;
Position of a target [a3oBbI 6ak ¢ BaKyyMHbLIM KOFIEHOM,
L i 06ecrneunBatoLLEro CONPSKEHNE MULLIEHU C
neutron source o “
BaKyyMHOW CUCTEMOWN MOHOMNPOBOAA;
e £ The shielding OncTaHUMOHHO-Pas3bLEMHOIO YNMOTHEHWS,
e[S K| plug with ducts obecneumnsatoLero pasbopky Bcero
RARAAAA B00000 A
X - for coolant 06opyaoBaHMsA LEHTPanbHOW YacTu
RAAA " .
0 RS TRedcner neftofifie HEUTPOHHOTO NCTOHNKa;
Sy module containing M3meputensHOM cucteMbl NapaMeTpoB
--f-4-{t==>—I.l- - el MPOTOHHOTO MyyKa.
moderators
target
Be strippable plug
n

Upper Be - reflector

Cxema HENTPOHHOIO MCTOYHMKA SABMSIETCA JOCTAaTOYHO Ti-Gd insert

rMOKOM, NO3BOMAET UCNOMb30BaTb amnyfbl C PasHbIMU
MULLEHSIMW (HA OCHOBe BoONbdpama UINN NPUPOLHOro
MeTarnsmM4eckoro ypaHa u ap.) M moguduumpoBaH-
HbIMW  3aMeanuTensiMM,  OCYLLEeCTBNATb  MOSHYH
3aMeHy Bcero obopyaoBaHWsS LieHTparibHOM 4actu u
NPOBOAUTL MOAEPHM3ALMIO UCTOYHMKA.

Neutron guide, surface
and chamber of upper
H20 moderator

W - target
Lower Be - reflector

Surface and chamber of
lower H;O moderator

v



INR RAS

OcHoBaHuga gna cospaHua ADS
cTeHaa

CospaHHaa WHQpacTpykTypa Hen-
TPOHHOrO KOMMJIEKCAa W OENCTBYHO-
wnn yckoputens AN PAH.

Hanunuune BTOoporo ceo6ogHoro 6okca.

Oxnpaemasa HeBbICOKasi CTOMMOCTb
NnpoeKktTa W CpPpOKOB peann3aumnnm B
CpaBHEHUN C alibTepHaATUBHLIMA
npennoXeHnamu.

3T MOMEHTbI CTUMYNUPOBanu WHO-
CTpaHHblE OpraHu3aUumn ¢ Npearnoxe-
HUSIMU O COBMECTHOW paboTe no cos-
JaHuio cTeHaa.

3a nocnegHue ~ 30 net 6bino 3-4 no-
NbITKM B TOM 4Yucne ¢ obpaleHmsmn
B PAH, MuHo6pHaykn, Pocatom,
NAN PAH

Cxema eamopo2o ce0600H020 60Kca

Placement (room) abave shield with remaovable
housetop (reinforced concrete plates)

H=485m

H=331m

H=24m

H=19m

 H~15m

Beam level

£90



Demo ADS - motivations and goals

The possibility to create ADS demonstration
facility with a minimal investment, looks as at
least one order of magnitude cheaper than any
alternative projects.

The study of different configurations of the
blankets and testing of structural elements by
research ADS

The use of this stand as the second neutron
source for condensed matter physics.



| The main physical and technical requirements to demo ADS

The research ADS should provide:

* Fast access to the experimental channels of the blanket, the safe
extraction of the irradiated heat-generating-assemblies.

* Fast enough and convenient blanket reprocessing, target change
and assembling of the other ADS configurations.

* Fast core spectrum for the minor actinides burning.

* Thermal neutron spectrum for transmutation of long live fission
products and for work of neutron guides.

* Stability of ADS elements to spontaneous interruptions of
accelerator proton current (thermal shock).

TpebosaHusi 80 MHO20M [IPOMUBOPEYUBbLIE U B83aUMOUCKII0Yaro-
wue, Bce amo HyxHO 6b110 enucamb 8 Ccyuwecmasyuwyr
uHgppacmpykmypy UHAN PAH, ¢ cobrnodeHuem rnpuHyuna
ecmecmeeHHoU 6e3ornacHocmu Ha 6cex cmadusix rpoeedeHUs

pabom ¢ yyemom opeaHu3ayUuoHHbIX ripouedyp u ap.
28
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o
Maximal power of Research ADS depend upon proton current — I,

multiplication coefficient — M, proton energy — E_, and type of target.

Average power of blanket, P (MW), for proton 0.3—0.6 GeV
Natural uranium target

Average W - target (plates) .

proton Multiplication with rod elements
current M (K.4)

lp (MA) 0.3 0.4 0.5 0.6 0.3 0.4 0.5 0.6

20 (0.95) 0.73 | 116 | 1.66 | 2.08 | 1.02 | 1.62 | 2.29 | 2.91

100 50 (0.98) 1.80 | 290 | 415 | 5.20 | 2.55 | 4.05 | 5.70 | 7.30
150 20 (0.95) 110 | 1.75 | 250 | 3.12 | 1.54 | 244 | 3.44 | 4.36
50 (0.98) 275 | 440 | 6.25 | 7.80 | 3.85 | 6.10 | 8.60 | 10.9
200 20 (0.95) 147 | 232 | 3.32 | 416 | 2.05 | 3.25 | 4.58 | 5.82
50 (0.98) 3.65 | 580 | 830 | 104 | 515 | 8.10 | 11.5 | 14.6
250 20 (0.95) 183 | 291 | 416 | 5.20 | 2.57 | 4.06 | 5.72 | 7.28
50 (0.98) 460 | 7.30 | 104 | 13.0 | 6.40 | 10.2 | 143 | 18.2
300 20 (0.95) 219 3.5 5.00 | 6.24 | 3.08 | 4.86 | 6.86 | 8.74

50 (0.98) 545 | 875 | 125 | 156 | 7.70 | 12.2 | 17.2 | 21.9
Neutron yield, Y (n/p) ~35|~56| ~8 | ~10 | ~49 | ~78 | ~11
Proton range — R, cm ~52 | ~92 | ~13 | ~17

Target diameter-D ~ 1.3R, | ~ 8 ~13 | ~17 | ~21




D1500 mm
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Conceptual scheme of research ADS

1 —target module;

2 — hermetical PbBi
capsules with high
enriched fuel and
minor actinides;

3 — the cassettes of
the water-cooled part
of blanket

4 — the module of
controlled systems;

5 — decoupler

(if it is required);

6 — traps of thermal
neutrons (moderator)
can construct in any
place ;

7 — reflector.

30
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Conceptual scheme of PbBi capsule

D <320

/_
.

a — collected capsule,
b — cassette with fuel
elements and displacer
(removable elements),
¢ — body of capsule with Pb-Bi
after removal of fuel cassette
and displacer.
1 — cassette wit fuel;
2 — spreader of up-going and
down-going flows with build-in
heaters, the displacer of liquid
metal and holder of fuel
cassette;
3 - binary body; 4 — EM pump;
5 — direction of liquid metal
flow;
6 — gas gap (~1 mm) of the
heat barrier;
7 — spacer;
8 — level of liquid metal after
removal of displacer and fuel
cassette.

31
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‘N ) INR RAS Functions of the basic elements

Module cooling is performed by water of the first

loop through the lateral surface.

The inset should have double wall to maintain

temperature regime and to be safety.

There is also a gas gap ~ 1 mm which acts as a

heat barrier.

Each inset is equipped by its own heater (2) for:

* prescribed temperature level support and
variation;

* preliminary melting of PbBi and heating of all
ampoule after its delivery and its fixing in
working position;

* partly compensation of the PbBi temperature
decrease and for prevention its freezing
caused by automatic increase of current
loading in the case of accidental accelerator
failure or beam loss.

Apart from these, an inset can have its own

electromagnetic pump (4). It permits to vary

temperature and velocity of PbBi coolant.

il —
lp]l-. ﬁﬁ;l[ql
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' INR RAS

Some technical aspects of safety

Presuppose that:

® The PbBi modules will be manufactured and tested in
IPPE (Obninsk ~ 70 km from Troitsk),

® PbBi modules can operate without support systems of
coolant within ~ 2 years (findings of IPPE)

® The safety transportation of PbBi modules with fuel
elements is carried out in the solid state (Obninsk —
Troitsk — Obninsk, for post irradiation study).

Localization of flaw in SS casings (solidification of PbBi
leakage by cold water) under operation of PbBi module
is possible.

Probable use of the fuel elements of the IBR-2M
(Periodically Fast Pulsed Reactor — JINR, Dubna) as a
prototype. This elements has specific character for
plt'ev?(nting levitation of the fuel pills under the heat
shock.

33



G Some physical features of the ADS

stand and the fast water cooled blanket

High sensitive to density of water. Decrease
density of water including boiling and full loss
makes assembly deep subcritical.

Water cavity (it appears after replaced a fuel
cassette or PbBi capsule - refuelling) is the
source of thermal neutrons. It is big positive
effect of reactivity can makes assembly above-
critical.

Using of hafnium alloy for covering the fuel
assemblies (cassettes) allows to exclude the
positive effect of reactivity at replacement fuel
assemblies and PbBi - insertions under water

layer.
v
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Nuclear safety and the other features

9mu dea agpgpekma (Bbicokasi YyBCTBUTENBHOCTb | Working point

GrnaHkeTa K KOHUEHTpauuMn BoAbl U UCMNONb30OBaHME

Hf —o6onouek TBC) no3eonsirom: /“\

* Cosgatb GnaHket C BHYTPEHHeM
©e30nacHOCTbIO; R

*  WN3meHaTb kKOHUrypaumio GeicTporo bnaHkera u hig9 (vel.%) In'eore

3amMeHATb 0bny4veHHble TBC 1 PbBi mogynu noa
CIT0EM BOAbl, Kak 9TO MMEET MECTO B TEMNOBbIX
BGaccenHOBbIX peakTopax;

* CospaBaTb NOBYLWIKN TENNOBbIX HEWTPOHOB W
3amegnutenn B NObBomM MecTe  ObICTporo
bnaHkeTa;

* Cospgatb adppekTmBHbIE CY3 1 A3 Ha ocHoBe
HENWTPOHHbIX JIOBYLUEK MNPAaKTU4Yeckn B nobdom
mMecTe b6bicTporo 6naHketa. OTO MoOryT ObITb
nonble BbITECHUTENM BOAblI ABUrarolmMecs u
BCNfblBalowWwme nog aencrenem ApxmmenoBown C
(BbITanknsaroLLemn) cusibl.




Basic geometry for studying

1

1 — Target,

2 — hollow or Al displacer
between target and cylindrical
body of target module,

3 — Assembly of fuel elements
(19),

4 — Water cavity between
cylindrical body of PbBi module
and the fuel elements
assembles,

6 — 19 central fuel elements with
NpQO, in PbBi module (MA
imitation),

7/ — Elements of Al reflector.

uuuuuuuuuuuuuu

elements between proton guide
and blanket.



Data from one of the ADS options. Parameter of blanket.

Fuel element dimensions (reactor - IBR-2M)

Outer diameter of fuel pills - 0.71 cm
Outer diameter of fuel element - 0.864 cm,
Inner diameter of fuel covering - 0.77 cm,
The gap between a fuel elements - 0.03 cm
Outside size of the fuel element assembly - 4.2cm
The covering of cassettes — Hf -alloy, thickness - 1 mm
The number of fuel elements in the cassette - 19

Step of fuel elements - 1.03-1.04
Fuel is the mix of natural UO, (80%) with PuO, (20%).

The enriching of 239Pu - 95%.
The number of assembles with MOX- fuel - 112

The number of PbBi modules 6

Thebrpocli(ulfz each replace the seven fuel assembles in water cooled part of
anket.

The total number of fuel elements in PbBi module - 95 | B Eat
Among them 19 central fuel elements with NpO, (for simulating minor ;EEE:'-" R, ":EEE:

actinides) RIIORR R TR
Others contain PuO,. B risseseerie! 30
The geometrical dimensions of the fuel elements are the same. 1R5es ;"-;";_'. s2%e;
The height of blanket - 90 cm. ety et arbrre



Reactivity effects

The wall thickness of cassette — 1.0 mm (Hf)
Replacement of one PbBi module by water - 0.029 k., (- 2.9%)
Replacement of one fuel assembly by water - 0.001 k_, (- 0.1%)
Replacement of four fuel assembles by water - 0.010 k., (-1.0%)

The wall thickness of cassette — 0.5 mm (Hf)
Replacement of four fuel assembles by water - 0.004 k..

The wall thickness of cassette — 1.0 mm (SS)
Replacement of four fuel assembles by water +0.0057 kg,
The k., of ADS increase from 0.95 (Hf-wall) to 1.172 (SS-wall)

Assembling and rebuilding of the fast water cooled blanket is
impossible under water layer.

Usage of the fuel assembles with 37 fuel elements for decrease
of the volume fraction of hafnium in blanket and the
additional neutron capture is expedient

Maximal value of importance is equal w = 1.35.

scheme of the water
cooled part of blanket

There are three parameters
for minimization of the
additional neutron capture in
hafnium at keeping of the
negative effect of reactivity:
®  Percentage hafnium in
alloy. For ex.
Hf(78%)Nb(2%)Zr(20%),
®  The wall thickness of
cassette,
®  The number of fuel
elements in cassette
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bbicmpble HelimpoHbI U3 80000X-
naxodaemoli Yacmu, rpoxo0si 8o-
OsiHble MosiIocmu, KOmopble Heus-
6eXXHO nosensamMcs npu co4se-
HeHuu wecmuepaHHbix TBC ¢
UunuHOpu4yeckuMu  ecmaskamu,
Yacmuy4Ho 3ameOlsIsiIFOMmcs.

CeyeHue peakuyuu OeneHuss U
MIomHOCmMb MmerisioeblOeneHuUsi 8
nepugbeputiHeix TB3Slax uunuH-
OpuyYyecKux 8cmaeoK yeernuyuea-
emcsi, pacripocmpaHsisi 3mo Ha
8CH0 8CMasKy.

LononHumensHbIM  CcyuwecmeeH-
HbIM ¢hakmopom sensiemcsi 6o-
iee ebicokasi KoHUeHmpauusi Pu
8 8CmaskKax.

lpouecc 8 o0bpamHy0O CMOPOHY
3Ha4umenbHO nodaesieH 3axea-
mom HelumpoHos Hf obeuyaltikamu
TBC.

ergdeposit

055
0.45

=
)
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Ncnonb3oBaHue Hf obevaek no3BonseT co3gartb U UccrnegoBaTthb OBYXCEKLUNOHHYHIO

ADS.




Spectrum of the water cooled part and PbBi

Neutron Flux, arb. unit

I I
PuO,, Ecp=1.14 MeV I

W Tgt, Ecp=0.998 MeV

MOX, Ecp=0.857 MeV

0,01

%

s
i

1E-3

i

1E-4
17

v
i

1E-8

E, MeV

1E-7 1E-6 1E-5 1E-4 1E-3

0,01

0,1
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One of the possible ADS schemes

Existing infrastructure of the
Neutron Complex gives a
possibility to creation and operation
of a ADS research facility

Modeling shows that practically all
starting ideas may be realized.

There is the possibility of creating a
multi-purpose ADS stand with
internal (natural) safety




Comparison of ADS with PbBi n D,0 modules

Parameter PbBi D,0

Kes 0.9542 0.9502
Average energy (MeV): 0.835 0.801
Number of fissions in modules by neutrons:
E=0-0.645¢eV 10.50 % 10.58 %
E =0.645 eV - 100 keV 42.36 % 44.67%
E > 100 KeV 47.15 % 44.75%

Heat generation in:

MOX (water cooled part) 58.2%, 57.69%,

PuO, (modules) 41.8% 42.3%

Number of fissions in the modules and parts of the water-cooled blanket is



Comparison of ADS with PbBi n D,0 modules (spectrum)

z T

] f; 1-=-"f|= The neutron spectra inmodules
1E-4 —

I with PbBi and D20 are|practically
the same in the|neutron energy
En> 0.3|MeV.
10° 107 10" 10~ 10™ 107 107 10 10° 10’

E, MeV



Estimation of the basic parameters of

= ) ergdeposit
the ADS with ring blanket and lead e ;;;Eggi
H - 0.314662
diffusor R H Saa
g P 0.0236256
ko= 0.98 VVR-M5 Sonsmmars
Egroton = 300 MeV (90% 235U) L O oo0raea
l-~ 100 pA (30 KW) Ao L 0000139167
Total power — 1.17 MW 27039205

1E-05
Core -1080 KW
W target - 25 KW
Reflector - 41 KW (38 KW — y-rays)

Lead - 24 KW  (22.7 KW — y-rays) g

E] en
| ]
| s c 10° 4
® =TI g
g Q | 2340 o 55-1[]‘52
of fued rods (800 = E
N \ e //@’ 4 2 10¢ ]
O (| o= 2 E // / | -—Wtargerl \\
L7 L1074 Refledo
i ? o (@ - ] | | Lead r
: I & 10° ] —— Core
/ = E
1 wl { II 8 ] \
RO @ 2 10°
! s I z
VVR-MS FA based 10° 10° 107 10° 10° 10¢ 10° 10 107 10° 10' 102

on U-Al fuel

E,MeV



The percentages of fissions caused by neutrons in
the thermal, intermediate, and fast in ranges are:

(<0.625 ev): 85.65%
(0.625 ev - 100 kev): 13.31%
(>100 kev): 1.04%

The thickness of the annular fuel layer ~8.7cm (too small !!!)

The standard fuel assemblies VVR-M2 (19.8% 23°U) or
VVR-C (36% 23°U) follows use instead VVR-M5 (90% 235U).



3aksiro4yeHue

B psge 3apybexHbix CTpaH, B TOM yucre B ctpaHax Koro-BocTou-
Hou Asumn (Kutan, AnoHung, 0. Kopesa) ADS paccmaTtpuBaeTcs Kak
oTaenbHoe 6onee rmMbkoe B OTHOLWEHMN cocTaBa A3 1 peXNMOB
aKcnnyaTaumm HanpasneHue no TpaHcmyTaummm MA.

LIEPH n CLUA npegnonaratoT ncnonb3oBaTb paspabaTtbiBaemMbii

CUITbHOTOYHbIN YCKOpUTESb OS5 ABYeANHON 3a4ayn;

* ®yHOameHTarnbHble UccrnegoBaHnda Nno HEMTPUHHOW (prnamnke Ha
OCHOBE CO3[aHMs MOLLIHOrO MOHOHarpaBnNeHHOro UCTOYHMKA
HEUTPUHO.

* [NpuknagHoun 3agayn — co3ganua ADS cteHaga angd
nccnegosaHun B obnactu tpaHemyTtauum MA n 6esonacHou
S0EePHOWN 3HEPreTUKN,

* OpgHa 13 OCHOBHbIX Drivkanwmnx 3agad — paspaboTtka
BbICOKOHAZEXHOI0 CUITbHOTOYHOIO YCKOPUTESTS.
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