NUCLEAR ENERGY AND SAFETY

NEUTRON FILTERED BEAM TECHNIQUE
AT THE KYIV RESEARCH REACTOR (KRR)

Description
The neutron filter technique is characterized by the trans-
mission of neutron beams emanating from nuclear research
reactors through relatively thick (up to 2—-2.5 m) layers of
materials with deep interference minimums in the total neu-
tron cross sections. As a result of passing through these
interference minimums, narrow energy range "filtered” neu-
trons emerge as quasi-monochromatic beams. Figure 1 below
provides a cross-sectional view of the proposed neutron filer
as located in the reactor's horizontal experimental channel.
Quasi-monochromatic neutron beams emerge from
the filters with the following energies and half-widths:
E(keV) = 1.86 (1.46), 3.57 (1.68), 7.5 (0.1), 12.67 (1.2),
24.34 (1.8), 56.37 (0.55); 58.8 (2.7), 133.3 (2.8), 148.3 (14.8).

Innovative Aspect and Main Advantages

The KRR has specialized in neutron filters for more than

20 years, with a very significant amount of knowledge and

experience accumulated-characterized by the following:

—  The filtered neutron beams emerging are of among
the highest flux values in the world for the kiloelec-
tron volt energy range: 105-108 neutrons/sec-cm”
This provides an opportunity to conduct unique and
very precise measurements.

—  Large quantities of highly enriched (stable) iso-tope
(such as P2Cr, Y9657 Rg 580N, etc) are available at the
KRR facilities for designing and constructing specific
energy-range filters which provide very high neutron
fluxes within narrow (i.e., "clean") energy bands.

Areas of Applications
High precision measurements (0.1-0.01 %) of total
and partial cross sections for fundamental neutron-
nuclear investigations.

2. Precise measurements (to 1 %) of neutron cross sec-
tions to obtain averaged nuclear parameters (o, o

of, Sy 81, S9, Ry, Ry, D, <I'>).
. Nfeasurements of neutron capture gamma-spectra.

4. Measurements of o, for the first exited levels of
heavy nuclides.

5. Measurements of activation cross sections.

6.  Isomeric ratio investigations.
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Doppler-Effect Investigations.
Time-of-flight method used for precise cross section
measurements of 6;, G}, Gy

9.  Research of radiation damage energy dependence in
materials.

10. Neutron radiography and tomography.

11. Biomedical investigations.

12. Neutron and Boron-neutron capture therapy.

13. Measurements of the average energy loss W(E) for
ion-pair generation.
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Fig. 1. Schematic of neutron filtered beam facility (1 — beryllium
reflector; 2 — horizontal channel tube; 3 — preliminary collimator;
4 — beam shutter disks; 5 — filter-collimator assembly; 6 — outer
collimator; 7 — filter components; 8 — research samples; 9 — device
for samples removing.)

14. Prompt Gamma-ray Activation Analysis (PGAA).
15. Development of standard fluxes for neutron-dosimetry.
16. Energy calibration of proton recoil counters.

(1-8 refer to scientific research areas, while 9—16 pertain to
technological applications)

Stage of Development

Naturally-occurring and enriched isotopes used in the
development of neutron filters include:

Natural: Si, AL, V, Sc, S, Mn, Fe, B, Ti, Mg, Co, Ce, Rh, Cd, LiF.
Enriched: *2Cr (99.3), *'Fe (99.92), *°Fe (99.5), *"Fe (99.1),
Ni (99.3), °Ni (92.8-99.8), %2Ni (98.04), *°Se (99.2), 1B
(85), Li (90).

Three horizontal channels at the KRR are currently
equipped with such neutron filters and with experimental
installations for the precise measurement of total, scatter-
ing and capture cross sections. There is also the possibility
to study capture gamma ray spectra with a Ge spectrome-
ter characterized by its high resolution and angle distribu-
tion of scattered neutrons. Each of the filters is easily
replaced by another to meet beam characteristic require-
ments, and the development of new filters is currently in
progress for producing neutron energies up to 1000 keV.
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SSAEPHA EHEPrISi TA BE3INEKA

TEXHIKA HEUTPOHHHUX ®OLJIBTPOBAHUX ITYUYKIB
HA KUIBCbKOMY JOC/IIIHHUIbKOMY PEAKTOPI (K/IP)
I HAYROBUX TA TEXHOJIOITYHUX HIJIEN

022150 npono3uuii
TosioBHA iziest METOLY HEHTPOHHUX (DiJIBTPIB MOJISITAE B IPO-
MyCKaHHi CIIeKTpa HeHTPOHIB peakTopa Kpi3b TOBCTI Iapu
Marepiaiis (10 2—2,5 M), siipa IKUX MatOTh rIMO0KI iHTep-
depentriitni MiniMyMu B TOBHUX Tiepepi3ax B3aEMOJIi 3 Hel-
TpoHamu. Kpi3b 11l MiHIMyMH TPOXO/IATh HEUTPOHU TIEBHUX
eHeprili, JKi CTBOPIOIOTHh OCTATHBO BY3bKi (IO eHeprii)
KBa3i-MOHOEHEPTETHYHI MYIKN.

TuroBuit BUTJISL KOHCTPYKILT HEHTPOHHOTO (hisIbTpy
Ha FOPU30HTAIBHOMY €KCIIEPUMEHTAJIbHOMY KaHaJli peax-
Topa rpejcrasiaeno Ha Puc. 1.
Ha Buxozi Takoi cucteMn M OTPUMYEMO HEUTPOHHI Ty IKN
3 TAKUMH CHEPTIsIMU Ta TMTUPHHAMH Ha TiB-BrcoTi: E,(keV) =
1,86(1,46), 3,57(1,68), 7,5(0,1), 12,67(1,2), 24,34(1,8),
56,37(0,55); 58,8(2,7), 133,3(2,8), 148,3(14,8).

Inuosamﬁuuﬁ acnexkm ma OCHOBHl1 nepesasu
PosButok Texniku HeiitpoHHuX Ginsrpis Ha K/ P mpomos-
sKy€eTbest noHast 20 poKiB, MPU IIbOMY HAKOITMYEHO BEJTMKUIT
eKcriepruMeHTaIbHIiI 1ocBi. ToJ0BHI 0COOIMBOCTI, 1110 CKJIa-
JAI0TD 11ell PO3BUTOK I0JIATAIOTH Y HACTYITHOMY:
—  OisprpoBati my4ku € BUCOKO iHTeHcuBHUMHU. [1[i/1b-
micTh Heitrponis gocsarae 10°—10° neitrpomis/cv*-cex.
B cBiTi icHye my:ke Maso HEUTPOHHIX MOHO-eHEepreTny-
HUX JpKepeJl TaKoi iHTeHCUBHOCTI B KiJO-eJIeKTPOH-
BOJIBTHIN 0bJracTi eHepriii. Taki iHTEHCHBHOCTI CTBO-
PIOIOTb MOKJIMBOCTI /IJTs1 BAKOHAHHS YHIKAJIBHUX €KC-
MIEPUMEHTIB Ta €KCIIEPUMEHTIB 3 BUCOKOIO TOYHICTIO.
—  Jlng ctBopeHHS (DiBTPIiB MU MAEMO B PO3MOPSI/IKEH-
Hi 3HAYHI KUIBKOCTI BHCOKO 3_6a_rarqeﬁnrx 130 TOITHUX
(crabimpanx) Marepianis (°*Cr, >+26°7Fe, *6Ni ta im.).
Cawme 11e 7103BOJIsIE GOPMYBATH HEHTPOHHI (hinbTpu
BUCOKOT iIHTEHCUBHOCTI Ta Bi/IMIHHOI SIKOCTI.

Tany3ve 3acmocyseanns

Tos10BHI HAPAMKN HAYKOBUX JIOCJI/IKEHD Ta TIPUKJIAHUX

3a1ay, e hiTbTpoBaHi HEHTPOHN Ty:Ke e(heKTUBHI, € TAKUMIL:

—  BumipioBannus 3 Brcokoio tourictio (0,1-0,01 %) mos-
HUX Ta MapIiaTbHIX HeHTPOHHUX IepepisiB s /10-
caijpKeHHst (pyHIaMeHTAIbHUX XapaKTePUCTUK Heli-
TPOH-$5/IePHOI B3aEMOIIl.

—  Touni BumipioBanns (10 1 %) HEHTPOHHUX TI€PEPI3iB,
OTPUMAHHSI YCEPELHEHNX TTAPaMeTPiB siiep (O Oy, Oy
0y, Sy Sty S, Ry Ry, D, <I'>). . ]

- MMIPIOBAHHSI TaMMa-CIIEKTPIB 3aXxBaTa HEHTPOHIB 3
(hikcoBaHOIO cepesiHbOIO CHEPTIEI.

—  BumipioBanHs 0, Aas TepUIMX 30YIKEHUX CTaHIB
BAXKKUX s/1ep.

—  BuwmiproBanng mepepisiB akTuBartii.

— BuBuenHs i3oMepHUX BiHOIIEHB.

—  Buuenns edexry ormepa.

—  BukopuctaHHs B 4acO-TIPOJbOTHOMY METO/Ii /I OT-
PUMAaHHS TOYHUX 3HAYECHD IIePePi3iB O}, O, Oyl

—  JlocaipkeHHS €HepreTUYHOl 3aJIeKHOCTI BEJNYMH
patialliiHuX YIIKO/KEHb MaTepiaiB.

—  Heifitponna pazmiorpacis Ta Tomorpadisi.

—  biomennyni nociiaskeHHs.

—  HeiiTponHa Ta 60po-HeliTpOH3aXBaTHA TeParlis.

—  BuwmipioBanns cepennix enepretuunux sutpatr W(E)
MPU CTBOPEHHI HOHHOI Mapy B 3aJI€5KHOCTI BiJl eHepTil.
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Puc. 1. Koncrpykiisi HeiirponHoro ¢insrpy ais ¢hopMmyBaHHs
KBa3i-MOHOEHEepPreTHyHoro myuka: 1 — GepuiieBuii pediexrTop;
2 — TpyGONpPOBi/ FTOPU3OHTAJIBHOIO KaHaly; 3 — monepe/Hiii Ko-
JiMaTop; 4 — MOBOPOTHI AUCKM MHGepa IMy4Ka; 5 — KOJIMYIOYH
npuctpoi QinbTpy; 6 — 30BHIiNIHII KOMIMATOP; 7 - KOMIIOHEHTH
dinbrpy; 8 — mocaimuuii 3pa3ok; 9 — npUCTPIi IS nepecyBaHHs
3pasKiB

—  lamma-npoMeHeBuUli eJeMEHTHUN aHA3 HA MUTTE-
Bux Heiitponax (PGAA).

—  CTBOpeHHS CTaHAAPTHUX HEUTPOHHUX TOJIB IS 3a-
Jlad HeHTPOHHOI I03MMeTpii.

—  EHepreruune KajiOpyBaHHS HEHTPOHHUX JHUMJIbHU-
KiB I10 TTPOTOHAX Bi/i/Iavi.

Tym nynxmu 1—8 cmocyromvcsi HayKosux 00CioNceHb, NYHK-

mu 9—16 6idHOCIMBCS 00 MEXHOIOZIMHUX 3ACTNOCYBAHD.

Cmadis po3pooxu

[lepestik MaTepiasiB 3 IPUPOJHUX PEYOBHH Ta 30aradeHux
i30TOIiB, 1110 0YJI0O BUKOPUCTAHO /ISl CTBOPEHHS HEHTPOH-
HUX (DIIBTPIB CKIANAETHCA 13 HACTYITHOTO:

Ipupoani exementu: Si, Al, V, Sc, S, Mn, Fe, B, Ti, Mg, Co,
Ce, Rh, Cd, LiFE.

P .52 54 56
_36ara'{eH1 isoromn: *“Cr (99,3), **Fe (99,92), *°Fe (99,5),
TFe (99,1), *Ni (99,3), “Ni (92,8-99,8), Ni (98,04),
83e (99,2), 1B (85), Li (90).

3apas na K/IP Tpu ropusonTajibii kanaau obJaaHa-
HO TaKMMM HEHTPOHHUMU (DilbTpaMu, a TaKOXK eKCIepu-
MEHTAJTbHUMU YCTAHOBKAMH JIJIS TOYHUX BUMIPIB HEHTPOH-
HUX 11epepisiB (IIOBHOTO, PO3CisiHHA Ta 3axBaty). Kpim 11p0-
ro, € MOXKJIUBOCTI BUBYATU TaMMa-CIIEKTPU 3aXBaTy Hell-
TPOHIB 3 f01oMoroio Ge-crieKTpoMeTpa BUCOKOI PO3JIiJib-
HOI 3/IaTHOCTI, & TAKOK KyTOBi PO3IO/iJIN PO3CIsSTHUX Heli-
TpoHiB. KoskeH 3 GiabTpis 6€3 iCTOTHUX TPYAHOIIIB MOKHA
BUJIQJUTH 3 KaHATy 1 3aMiHUTH Ha iHIMH 3 TOTPIOGHOIO
eHeprielo. [Iporiec cTBopeHHs1 HOBUX (DiJIBTPIB IIPOJIOBKY-
eTbcs, 30KpeMa 71 enepriit 1o 1000 keB.

Konmaxmmna ingpopmauis

InctutyT sspepnux nocaimkens HAH Ykpainu
Bigzin meiirponnoi disukm

[Ipocriext Hayxn, 47, Kuis 03680, Ykpaina
Ouena I'punan

Teu.: 380 44 525 3987; Dakc: 380 44 525 4463,
E-mail: ogritzay@kinr.kiev.ua

55



