NUCLEAR ENERGY AND SAFETY

BOREHOLE SITING TECHNIQUE FOR GEOLOGICAL
REPOSITORIES OF RADIOACTIVE WASTE

Description

The purpose of siting repositories is to reveal those most

promising for the development of deep geological reposito-

ry (DGR) for radioactive wastes. The technique of siting
borehole DGRs is described as follows.

This technique takes into account IAEA recom-men-
dations and requirements with respect to DGR siting,
national regulatory requirements as well as preliminary
requirements and other considerations identified by the
designers for a stage-by-stage siting.

The proposed technique is based on the application of
the following methodological package:

—  Analysis of literature and data of geological and hy-
drogeological structures and rock properties over the
area to be studied as well as data reinterpretation
according to new objectives;

—  Aerospace image decoding (revealing areas minimally
dislocated by tectonics);

—  Field seismic studies (identification of sedimentary pat-
terns, detection of dislocations in crystal-line rocks);-

—  Field magnetic and gravimetric studies (revealing
blocks composed of minimal types of crystalline rocks
with minimal density gradient);

— Indicator studies (gas surveys) for groundbased veri-
fication of aerospace image data decoding;

- Siting of exploration boreholes, borehole drilling
with detailed sampling and testing (to obtain data for
an assessment of radioactive waste disposal safety);-

—  Processing and interpretation of drilling and test stu-
dies data with subsequent verification of groundwa-
ter flow and transport models;

—  Development of refined groundwater flow and trans-
port models as well as simulation tests;

—  Assessment of the longterm safety of radioactive
waste disposal systems using data obtained to plan
further studies.

Innovative Aspect and Main Advantages
In contrast to a mined geological repository, the degree of
safety of waste disposal in borehole repositories is assured
primarily by natural barriers (depth of waste package allo-
cation, stagnant water exchange and lengthy pathways of
radionuclide migration towards biosphere) rather than by
engineered safeguards. Up to now the practical experience
of siting waste repository has been obtained only for the
case of mined repositories.
Basic advantages include:
—  The proposed technique makes it possible to decrease
costs and speed-up selection of promising sites by dis-
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criminating areas of a few dozen km? out of larger
regions tens of thousands km?

—  This technique enables selection of promising sites
within crystalline rocks even in the presence of thick
sedimentary covers;

—  The technique is based on the application of remote
methods.

Areas of Application
This technique has been developed for early-stage DGR
borehole siting. The DGR boreholes may be utilized for the
disposal of the highly-hazardous radio-active wastes: spent
nuclear fuel, vitrified high-level wastes, and long-lived
intermediate-level wastes.

Stage of Development

The first stages of this technique (i.e., without drilling)
have been utilized to ascertain the geological conditions of
the northern areas of the "Ukrainian Shield" within the
Korostensky pluton as well as within the 30-km Chorno-
byl Exclusion Zone.

Contact Details

Radioenvironmental Centre of National Academy of
Sciences of Ukraine

55b Olesja Honchara St.., Kyiv 01054, Ukraine
Vyacheslav Shestopalov,

Tel.: + 38-044-4868272, Fax: + 38-044-4861417

E-mail: vsh@hydrosafe.kiev.ua
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SSAEPHA EHEPrISi TA BE3INEKA

METOAUKA BUBOPY AIVIAHOR, IITPUJATHUX
I CTBOPEHHA CBEPAJIOBMHHOI'O 'EOJIOTTYHOTI'O
CXOBHMNIIA PAAIOARTUBHUX BIAXO/IIB

Onuc

Metoto BUOOPY € BU3HAYEHHS JIISTHOK, HAWOLIbII IpH-

JIaTHUX JIJIs CTBOPEHHSI IIMOOKOI0 Ie0JIONYHOTO CXOBUIIA

(I'TC) pamioakTuBHUX BifxoiB. /{asi MpornoHyeThest MeTo-

AMKa BUOOPY /IS CBEPJIOBUHHOTO THITy KOHCTpyKItii [TC.
Meroauka BpaxoBye pekomerjaitii i Bumorn MATATE

CTOCOBHO TTPOIIeCy BUOOPY AiISHOK 171t poaminterts I'TC, Bu-

MOTH HaIliOHAJTbHIX HOPMATHBHUX JIOKYMEHTIB, & TAKOK CTBO-

PEHUX aBTOpaMU JIOKYMEHTIB, 1110 BU3HAYAIOTh CTA/IIIHICTh

BUOOPY MaliIaFYMKIB 1 TTONEPEIHi BUMOTH JI0 HUX.
Metonuka I'pyHTYEThCS HA 3aCTOCYBaHHI KOMILJIEK-

Cy TaKUX METO/IIB:

—  amaji3 JiTepaTypHUX BiJIOMOCTEH TPO TeoJOoTiuny i
rigporeosioriuny OymoBy TepuTOpii, BIACTHBOCTI
MOPiji 1 TOBTOPHA iX iHTepHpeTallis y BiAIIIOBIHOCTI
/10 HOBOBU3HAYEHOI METH JIOCII/PKEHHS;

—  pgemmdpyBaHHS KOCMO- i aepO3HIMKIB (BU3HAUEHHS
JIJISHOK 3 MiHIMAJIbHUM PO3BUTKOM TEKTOHIUHUX T10-
PYIIEHb);

—  BUKOHAHHS TIOJBOBUX CEUCMIYHUX CIIOCTEPEKEHb
(6y10Ba 0CaI0BOTO IOKPUBY, BUSIBJIEHHSI IIOPYIIIEHD B
KPHUCTAJIYHUX TTOPOJIAx);

—  BUKOHAHHS TOJBOBUX MATHITO- i TPaBIMETPUYHUX
criocrepesketb (BUIIJIEHHS JIJITHOK 3 MiHIMaJIbHOTO
KiJTBKICTIO PI3HOBUJIIB KPUCTATIYHUX TOPi i MiHiMa-
JIBHUM TPa/IiEHTOM IIiITHHOCTI );

—  IHAWKATOpPHI A0Ci/pKeHHs (ra3oBa 31MOMKa) /i Ha-
3eMHOI TIE€PeBipKN JaHuX JlelndpyBaHHs aepoKoC-
MO3HIMKIB;

—  noby/joBa nonepeaHix ApidHoMacmTabHUX Tiporeo-
JIOTIYHUX 1 MiTpaIliiHuX Mojiesiell, a TaKoK BUKOHAH-
HS IMITAIlifHNX eKCIIepUMEeHTIB (TTomepeiHs OIliHKa
JOBroTpuBasioi 6esnexu cucremu izonsauii PAB);

—  Bubip Micug A PO3MILEHHS DPO3BiAyBaJIbHUX
cBepUIOBUH, OypiHHS 1 iX meTajbHe ONPOOYBaHHS
(36ip maHuX A1 OLIHKM GE3MeKN CHCTEMU i30JA1i1
PAB);

—  00po6Oka i iHTeprperaiis gaHUX OypiHHS, a TAKOXK
JIOCJIJTHUX CIIOCTEPEKeHb 3 HACTYIIHOIO Bepudikalri-
€10 TiZIPOTEOJIOTIYHNX 1 MirpaIliiHuX MOJesIel;

—  mo6yaoBa YTOYHEHWX TiZPOTEONOTIIHUX 1 Mirpartiii-
HUX MOJIeJIell, a TaKOK BUKOHAHHS IMITAI[IMHUX eKC-
MePUMEHTIB;

—  BUKOHAHHS OI[IHKU JOBIOTPUBAJIOI OE3MEKH CHCTEMU
i3oursattii PAB 3a koMIiekcoM OTpUMaHUX JAHUX 3 Me-
TOIO IPUIHATTSI PITIIEHHS TIPO MOAAJBIIN POOOTH.

Hoeu3sna i 20106m1i nepesazu

Ha BigmiHy Bifl TITMOOKOTO TE€OJOTIYHOTO CXOBHUIIA TIAXT-
Horo Tuiy, 6esmneka izossiii PAB y ¢cXOBUII CBEpAIOBUH-
HOTO THITY 320€3I1eUyEThCsA He TaK 1HKEHEPHUMHU, SIK IPHU-
poaHuMu Gap'epamu (riMbUHA PO3MIIEHHST YIIAKOBOK
PAB, sactiiinuii xapakTep BOA0OOMiHY i 3HauHa Mpo-

HAYKA TA THHOBAIIIL. Ne 4, 2006

Puc.1. IlepcuextuBHi niisiHku B Meskax BepecHsiHCbKOI mutomii
(03HAYEHO CHHIM IITPUXYBAHHSAM), WO Oyau BHIi-NeHi i3
3aCTOCYBAHHSIM IPe/ICTaBIEHOI METOAUKU

TSOKHICTD NIIAXIB Mirpaiii pajflioHyKJiJiiB B HaIpPSIMKY
6iochepn).

3asHavunmo, 1o JI0HeJaBHA TTPAKTUYHUI TOCBIJ] 3 BU-
6opy MaiizaHunKa OyB OTPUMAHUIA JIKIIIE /IS BUTIAJKY 11~
XTHOTO CXOBHUIIA.

Tosn06ni nepesaeu

—  3acToCyBaHHS METO/IMKH JIO3BOJISIE 3MEHITUTH BUT-
paTu i IpUCKOPUTH BUGIP KiJIbKOX JIJISHOK IIOIIE0
Hepuri JecATKU KM2 B MeKaX TEpUTOPIi, sIKa 3aiimae
IUIONTY TUCAY] i IECATKH THCAY KMZ;

—  MeroauKa 103BOJISIE 3AIACHUTH BUGIP CHPUATIUBUX
JIISTHOK B KPUCTAJIYHUX TTOPO/IaX HaBITh 32 YMOBH
HASBHOCTI JIOCUTD ITOTY>KHOTO 0Ca/[0BOTO IIOKPUBY;

—  Meroauka IpyHTYEThCS Ha TEPEBA)KHOMY BUKOPHC-
TaHHI IUCTAHIITHUX METOJIIB.

Tany3i 3acmocyeanns

MeToauKky po3pobsieHo A paHHIX cTagiil BUGOpPY Maii-
JTAHYUKIB /71T PO3MIIIEHHS TeOJIOTIYHOTO CXOBWINA CBe-
P/UIOBUHHOTO THILY, SIKE TIPU3HAYAETHCS JIJISE 3aXOPOHCHHS
Haitbinpin Hebesmeunnx PAB: BiampaiboBaHOTO sIIEPHOTO
MajnBa, OCKJIOBAHUX BUCOKOAKTUBHUX, a TaKOXK JOB-
TOICHYIOUUX Pa/Ii0aKTUBHUX BiIXO/IiB.

Cmadis po3pooxu

Ilepuii eranu metoauku (To6TO, 6e3 OypiHHs) OyJIK 3aCTO-
COBaHi /IJid BUBYEHHS T€OJIOTTYHUX YMOB IiBHIUHOI YaCTHU-
HMA YKpaiHChKOTO KPHUCTAJIYHOTO MHTa B Mexkax Kopoc-
TeHCbKOro iyToHy i 30-kisomerpoBoi YopHOOUIBCHKOI
30HU Bil4yKEHHSI.

Pexeizumu

HayxoBo-inkeHepHnii IEHTP PajioTiIPOTe0eKOTOTIIHNX
nosrironnux pocuimkenb HAH Ykpainu

Vkpaina, 01054 Kuis, Bys. Osecs Tonuapa, 556
B'sraecas Hlectonmanos

Ten.: + 38-044-4868272, Maxc: + 38-044-4861417

E-mail: vsh@hydrosafe.kiev.ua
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NUCLEAR ENERGY AND SAFETY

NEUTRON SOURCE FOF NEUTRON CAPTURE THERAPY
OF CANCER TISSUES AT KYIV RESEARCH REACTOR (KRR)

Description

Neutron Capture Therapy (NCT) is a promising form of
radiation therapy characterized by two interrelated features:
(1) the infusion or delivery of a capture compound which
preferentially concentrates in the tumor, followed by (2)
the irradiation of the tumor site with neutrons. Inasmuch
as the boron isotope ;B'? is often used as a neutron capture
agent in compounds, this form of therapy is thus termed
Boron Neutron Capture Therapy (BNCT).

The large thermal neutron capture cross section of
;B! greatly increases the probability of the resulting ;B!!
nucleus to split into He and Li. As the ionization potential
of He and Li ions is high as they slow down in the biologi-
cal material along relatively short distances, the affected
cells enriched by boron are destroyed while normal, heal-
thy cells are damaged to a much lesser extent. However, as
the penetrating capability of thermal neutrons is low, to
reach cancerous tumor cells localized at depths of several
centimeters, epithermal neutrons are more suitable to the
task. Such epithermal neutrons have a lower neutron cap-
ture rate in hydrogen, which results in a lower skin dose
burden while the moderation of epithermal neutrons with-
in the head would give rise to a thermal neutron peak at
the cancerous tumor site. The most suitable neutrons for
BNCT are those with energies in the range of 1eV to
10 keV because their KERMA factor (and hence direct tis-
sue damage) is less than for thermal or fast neutrons.

Such epithermal neutron beams may be provided by
nuclear research reactors. The concept behind providing
such a source the a modification of the reactor such that
the emergent beam is slowed to the epithermal range. Such
modifications of research reactors are usually relatively
straightforward and not cost prohibitive — especially when
compared to constructing new reactors dedicated to
BNCT. Of course, any modification to a reactor should be
justified with careful design work taking into account all
specifics of a given specific reactor system.

Innovative Aspect and Main Advantages:

—  Existing nuclear research reactors may be readily
modified to provide the proposed epithermal neutron
beam-precluding any need to design and construct a
dedicated reactor;

—  Uses a Ni-60 neutron filter for essential improvement
in therapeutic source parameters;

—  Destroy tumors by avoiding highly traumatic surgi-
cal techniques;

—  High radiation doses are applied directly to malignant
cells while the impact on healthy cells is minimized.
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Fig. 1. KRR Thermal Column (dimensions in cm):

I - TC (untill reconstruction): A — the first block, B — the second
block. 1 — water, 2 — core, 3 — concrete, 4 — paraffin, 5 — beryl-
lium reflector, 6 — graphite. D1, D2, D3 — detector positions in
the MCNP calculations.

IT — Geometry for MCNP calculations (vertical cross section
through the core center): 1 — water, 2 — core, 3 — beryllium
reflector (source), 4 — moderator, 5 — reflector (natural nickel),
6 — air, 7 — borated polyethylene, 8 — natural nickel layer.

Areas of Applications:
—  Cancer treatment, in particular of brain tumors,
—  Veterinary medicine.

Stage of Development:

We have demonstrated analytically that an epithermal
neutron source meeting the requirements of BNCT may be
constructed at the nuclear research reactor in Kyiv. The
modification to the reactor may be achieved by altering the
design of the thermal column and replacing the Beryllium
reflector with one based on Aluminum.

Contact Details:

Olena Gritzay, Ph. D.

Institute for Nuclear Research National Academy of
Sciences of Ukraine

Neutron Physics Department

Prospect Nauky, 47, Kyiv 03680, UKRAINE

phone: (380-44) 525-3987; fax: (380-44) 525-4463
E-mail: ogritzay@kinr.kiev.ua
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SSAEPHA EHEPrISi TA BE3INEKA

HEUTPOHHE JI’KEPEJIO JIJIS1 HEMTPOH- 3AXBATHOI
TEPAHII OHROJIOITYHIX ITYXJ/JINH
HA KUIBCBKOMY JTOCJIJTHUIIbBKOMY PEAKTOPI (K/IP)

022150 nponosuuii

Crorojii HeliTpon-3axsarHa teparist (H3T) — ne 6araroo6i-
nsoda (popma pajianiitnoi tepanii. Bona Briiovae /1Bi B3a-
€MOIIOB's13aH1 0COOJIMBOCTI — BBEJIEHHSI TA [IEPEHic 3axBar-
HOI KOMIIOHEHTH, 1110 KOHIIEHTPYETHCS TEPEBAsKHO B TIyX-
JIVHI, 3 HACTYITHUM OIIPOMIHEHHAM IIyXJIMHU HeHTPOHAMU.
Ockisbkn i3otor B-10 yacTo BUKOPUCTOBYIOTH SIK HEHTPOH-
3aXBATHUI KOMIIOHEHT y XiMIYHil CIIOJIYIIi, B IIbOMY BUIIQJIKY
H3T Hasuatoth Goporelitponsaxsartoro Teparieo (BH3T).

Besmmkwit mepepis B3aeMoyIii TEMIIOBUX HEUTPOHIB 3 i30-
Torom B-10 BUKJIMKAE BUCOKY BipOTiIHICTb PO3IIEIIIOBAH-
Hs sizipa 6opy Ha He ta Li. Ockiibky i0HI3yI04a 3/aTHICTD
He Ta Li ioHiB Bucoka, a ix mpobiru KOpoTKi, TO KJIiTHHH,
1110 36araueHi 60pOM, BHUILYOThCS, TOJII SIK 310POBi KJIiTH-
HU TIOMIKOKYIOThCst Habarato Menine. OHAK, OCKUIbKY
POHMKAIOYA 3/IaTHICTh TEIJIOBUX HEHTPOHIB HU3bKA, TO
11106 I0CATTH PAKOBOI IyXJIMHMU, JIOKaJIi30BaHOI Ha IJIMOUHI
B JIEKiIbKa CAHTUMETPIB, OiIbII TIPUHATHI I IIHOTO €ITi-
TEeMJIOBi HelTpoHU. EMiTenIoBi HEUTPOHU MAIOTh HIZKIII
piBeHb 3aXBaTy HEUTPOHA y BOJHI i Ile TIPUBOANTH /10 3HU-
JKEHHS 03U Ha IIKiPY, a YIIOBIJIbHEHHS HEUTPOHIB B MeKax
TOJIOBU CTBOPIOE TIK TEIIOBUX HEUTPOHIB B MicCIli HAXOI-
JKEeHHs pakoBol myxsimau. HaiiGiabi nigxozsini HeliTpoHu
st BH3T — 1ie HeliTponu 3 eneprieto B obuacti Big 1 eB 1o
10 xeB, Tomy mo ix KERMA daxTop, i 3Biacu npsime mo-
MIKOJIPKEHHS TKAHWHU, € MEHIITUM, Hi’K Y BUIAJIKY TETIIOBUX
a60 MBUAKUX HEHTPOHIB.

Taki My4YKH emiTenIoBUX HEHTPOHIB MOKYTh OyTH
chopMoBaHi Ha sIIEPHUX JOCHIIHUIIBKUX peakTopax. KoH-
LETIIIisl TAKOTO JiKepeJia ToJISITa€ B TIepeTBOPEHHI BUIIPOMi-
HIOBAaHHS PeakTopa y eliTerioBe BUNpoMiHioBanHs. Mo-
audikarist OCHIHUIBKOTO peakTopa Moxe OyTH BigHOC-
HO HPOCTOIO i He HAAMIPHO JOPOTOIO, OCOOJIUBO B MOPIB-
HSHHI 3 CIIOPY/IKEHHSIM HOBOTO PEaKTOpa, CIIeliali3oBaHo-
ro st BH3T. Ane Gyab-sika Moaudikaiiisi peakropa Mae
BiOyBATHCS JIMIIE MICAA PETEIbHOI 0OUNCTIOBAIBHOI PO-
6otH, B AKIi 6epyThCs 10 yBaru BCi 0COBIMBOCTI KOHKPET-
HUX CHCTEM PEeaKkTopa.

IHHOBQMluHuu acnexm ma oCHOBHI nepeeaeu
HeMae HOTpe6I/I 6yz[yBaT1/1 HOBUII crietianizoBaHmii pe-
AKTOP, OCKLIBKH iCHYIOUHI MOsKe OyTH BUKOPUCTAHUIT
TiCJIST HEeCKJIa/IHOI PEKOHCTPYKILil, 1[0 He TOPKAETHCS
OCHOBHUX (DYHKITIOHATBHUX CUCTEM PEAKTOPA;

—  MOJKJIUBICTh BUKOPHUCTAHHS HEHTPOHHOTO DilbTpa,
BUTOTOBJICHOTO i3 Ni-60 /17151 CyTTEBOTO MOJIIIITIEHHS
TepaneBTUYHUX SKOCTeH HEUTPOHHOTO JIXKepeJia.

HepeBarI/I MeTojty BNCT:

MOJKJTMBICTD 3HUIATH TYXJIHHIT 6e3 Hau3BUYAITHO
TPABMATUYHOI XipypriuHoOi ornepartii;

—  MOXXJMBICTh CTBOPUTU BUCOKI PaIialliiiHi 1031 B 370-

SIKICHUX KJIITHHAX, B TOH JKe Yac He 3HUIITYIOYH 37I0POBi.
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Puc. 1. TerioBa xosona K/IP (poamipu B cm):

I — TemoBa KoJoHa (710 PEKOHCTPYKIii): A — nmepmmii GJIOK,
B — apyruii 6;10K. 1 — Boza, 2 — akTMBHaA 30Ha, 3 — 6€TOH, 4 — na-
padin, 5 — pedaekrop 3 6epuiiio, 6 — rpadir. D1, D2, D3 — no-
JIOKEHHsT 1eTeKTopiB npu obunciaennsx MCNP.

II — Teomerpis 1uist o6uncaenr MCNP (BepTukaibHuii nepepis ue-
pes uenrp 3oum): 1 — Boaa, 2 — 30Ha, 3 — pedaekrop 3 Oepuiio,
4 — ynoBinbHIOBaY, 3 — pediexrop (MpUpo/HuUii HiKelb ), 6 — mo-
BiTpsI, 7 — GOpOBaHMii NONieTHIEH, 8 — MIAP IPUPOHOTO HIKEIO.

Ianysv 3acmocyeanns

- OHKOJIOI‘iH, 30KpeMa JIiKyBaHHH IMyXJIMH T'OJIOBHOI'O
MO3KY,

— BeTepHUHApHa MeJUIINHA.

Cmadis po3pooxu

Mu nokasajiy B HAMX 06YUCIEHHSIX, BAKOHAHUX METOIOM
Momnte Kapio 3a momomororo Bimomoi mporpamu MCNP,
110 JIKEePeJIo eIiTerioBUX HEeHTPOHIB, AKe BiIIIOBIZIA€ BU-
moram BH3T, moske 6yti crBopeno na KuiBcbkomy peak-
TOpi 3a JOMOMOTOIO 3aMiHU MaTepiajiiB TeMJIOBOi KOJOHHU
crelianbHOIO KoMmio3uiiieto. Haiikpaii napamerpu myuka
MO’KHA OTPUMATH, SIKIIIO /[0 TOTO K OJIHY 3 CEKIIiii bepuie-
BOro pedhieKTopa 3aMiHUTH ATIOMIHIEBUM OJIOKOM.

Konmaxmna ingpopmauin

Tncruryt ssnepuux pocuimkenb HAH Yikpainu
Biguin neiirponnoi dizuxu

IIpocnexkt Hayku, 47, Kuis 03680, Ykpaina
Ouena I'punait

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

7

8

s?

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.

INNRNNN ANNNNNRY

INNNNNNY ANRNNRRN
.
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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.

Contact Details

Olena Gritzay, Ph.D.

Institute for Nuclear Research National Academy of
Sciences of Ukraine

Neutron Physics Department

Prospect Nauky, 47, Kyiv 03680, UKRAINE

phone: (380-44) 525-3987; fax: (380-44) 525-4463
E-mail: ogritzay@kinr.kiev.ua
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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
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NUCLEAR ENERGY AND SAFETY

NEUTRON TUBES HTT-2, HTT-3

Description

The neutron tube HTT-2 is comprised of a cermet (glass-
metal) body housing a Penning-type ion source with in-
candescent or cold cathode, a system of forming and accel-
erating electrodes, and a neutron-generating target. The
distance between the active target surface and the tube face
is 25 mm. In the glass-metal version this distance is 1 mm.

The neutron tube HTT-3 is made of cermet (glass-
metal) body housing an orbitron ion source. A cylindrical
neutron-generating target is arranged on the inner lateral
surface of the tube body.

These tubes generate neutrons with an acceleration of mi-
xed deuterium-tritium beams of energies up to 100—120 KeV,
which bombard the neutron-generating target saturated
with a deuterium-tritium mixture.

Innovative Aspects and Main Advantages

Main Characteristics HTT-2  HTI-3
Max neutron yield, (n/s) 3x108  2x108
Max avg target current (mA) 0,4 0,5
Radiation pulse repetition

frequency (kHz) 0.05-20 0.02-30
Min radiation pulse duration (us) 5 3
Operating life (hr) 200 200
Overall dimensions (mm)

Diameter (without magnet) 35 60

Length 250 300

The above neutron yield values were obtained at an
accelerating voltage of 110 kV.

The recommended value of the magnetic field induc-
tion for the neutron tube HTT-2 is not less than 20 mT.

Areas of Application

These tubes are intended to generate neutrons at energies
of 14 MeV. Such neutron generators are used for monitoring
oil wells and ore holes, as well as in mobile or stationary
neutron generators.Stage of Development: The neutron tubes
NTG-2 and NTG-3 are at the stage of serial production.
Note other types of neutron tubes are available as well.
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Fig. 1. Neutron Tubes HTT-2, HTT-3

Contact Details

Institute for Nuclear Research of the National Academy of
Sciences of Ukraine

Prospekt Nauky, 47, 03028 Kiev-28,

Dr. Nicolay Kolomiets

Telephone: (380-44) 525-23-49, 525-26-14

Fax: (380-44)525-44-63

E-mail: interdep@kinr.kiev.ua
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SIAEPHA EHEPTISI TA BE3INEKA

HENUTPOHHI TPYBKU HTT-2, HTT-3

022150 nponosuuii

Heiitporna tpy6ka HTT-2 ckiagactbest 3 MeTaoKepamiy-
HOTO (200 METAIIOCKIISTHOT0) KOPITYCa, Y IKOMY PO3MilleHe
MEHIHTOBChKE I0HHE JKEPEJIo 3 PO3:KapioBaHIM abo X001
HUM KaToOZIoM, cucTeMa (GOPMYIOUNX i MPHUCKOPIOBATBHUX
eJIeKTPO/IiB i HEHTPOHOYTBOPIOIOYA MillleHb. BizcTans Bif ak-
THBHOI OBEPXHI MillleHi 10 TOPIIst TPYOKH CTAHOBUTH 25 MM.
Y MeTasocKISTHOMY BapiaHTi 111 BifICTaHb CTAHOBUTH 1 MM.

Heiitponna Tpy6ka HTT-3 ckiagaerbes 3 MeTasioke-
pamivHOro (260 METATOCKJISTHOT0) KOPIIyCa, Y SIKOMY PO3-
Milere opGiTpoHHe ioHHe HKeperto. Lluminapuuta HeiiTpo-
HOYTBOPIOOYA MillleHb PO3TalllOBaHa Ha BHYTPIlIHIi GiuHiit
MOBEPXHI KOpITyca TPyOKH.

HeiiTpoHHi TpyOKHU reHepyIoTh HEUTPOHH IPH ITPUCKO-
PeHHi 3MIMIaHNX [eHTepili-TPUTIEBUX IYUKiB /0 eHeprii
100—120 KeB i 6ombapayBaHHi HUMI HEHTPOHOYTBOPIOO-
4oi MillleHi, HaCU4YeHOi CyMIIIIIIIO efiTepiio i TPUTIio.

Innosauiiinuii acnexm ma ocnoeni nepesazu

OCHOBHI XapaKTepUCTHKH HTT-2  HTT-3
MakcumanbHuii BUXiL
HENUTPOHIB, H/C 3x108 2x108

MakcuManbHuil CTPYyM MillieHi, MA 0,4 0,5

YacTtota iMITyThCiB
BUTIPOMiHIOBaHHS, K111

MinimarbHa TPUBAIICTD IMITYJTbCY

0.05-20 0.02-30

BUIIPOMiHIOBAHHST, MKC 5 3
Pecypc, rox 200 200
TaGapuru, MM

niamerp (6e3 Martity) 35 60

JIOBKIHA 250 300

Hagseieni 3HauenHst BUX0O/Ly HEHTPOHIB OTpUMaHi PN
pucKoproBasbHii Harpysi 110 xB.

3naveHHs iHAYKLiI MarHiTHOrO 1m0 TpyOKu HTT-2,
10 peKoMeHyIoThcst — He Mentt 20 Mo,

TIanyss 3acmocyeanns
[TpusHaueHi /Jist reHepyBaHHsI HEHTPOHHUX MTOTOKIB 3 €Hep-
rieio 14 MeB.

MosKyTh BUKOPUCTATUCS B CKJA/Ai CBEPJIOBUHHIX
reHepaTopiB HENTPOHIB JIJIsT KAPOTAKY HADTOBUX i Py/THUX

HAYKA TA ITHHOBAIIIIL. Ne 4, 2006

Puc. 1. Heiirpouni Tpy6xu HTT-2, HTT-3

IIap, a TAKOXK Y CKJIa/li epecyBHUX ab0 CTaIliOHAPHUX Te-
HepaTopiB HEUTPOHIB.

Cmadisa po3pooru

Ha erari po3pobku TexHOMI0raHO1 JIiHil /151 cepiiinoro Bu-
nycky Heiitportux Tpybok HTT-2, HTT-3, a Takox iHImmx
THUIIB.

Konmaxmmna ingpopmauin

Incruryt snepuux pocuimkens HAH Ykpainu
Muxkoga Kosomienn

Ykpaina, 03680, m. Kuis, np. Hayku 47

Ten.: 525-23-49, 525-26-14

daxc: 525-44-63.

E-mail: interdep@kinr.kiev.ua
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NUCLEAR ENERGY AND SAFETY

SEMICONDUCTOR DETECTORS
FOR NUCLEAR RADIATION SPECTROMETRY

Description
Semiconductor detectors are among the most important
devices employed for the spectral analysis of nuclear radia-
tion, although the type of semiconductor detector to be used
depends on the specific problem to be resolved. The Depar-
tment of Radiation Physics at the Kyiv Institute for Nuclear
Research has devel-oped the following types of detectors:
1. Surface-barrier detectors of total absorption (E-de-
tectors) based on high-ohmic silicon n- and p- type
semiconductors for nuclear radiation spectrometry.
2. Charged-particle energy-loss (dE/dx) detectors used
in telescopes for the determination charged particles
masses in composite nuclear reactions.
3. Drift silicon-lithium detectors (Si (Li)-detectors)
based on silicon compensated to lithium used for the
spectral analysis of charged particles.

Innovative Aspect and Main Advantages

The developed semiconductor detectors will be for nuclear
measurements in charged particle accelerators. These de-
tectors are characterized by a high energy resolution and
high sensitivity over a wide range of energies.

Areas of Application
The detectors will be utilized for the spectrometry of
nuclear radiation.

Stage of Development
The detectors are developed are produced based on antici-
pated performance parameters different nuclear problems.
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Fig. 1. KINR Semiconductor Detector Elements

Contact Details

Dr. Petro Lytovshenko

Institute for Nuclear Research of the National Academy of
Sciences of Ukraine

Prospekt Nauki, 47, Kyiv, 03028, UKRAINE

Telephones: (380-44) 265-3744, (380-44) 525-5238;

Fax: (380-44) 525-4463

E-mail: plitov@kinr.kiev.ua
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SSAEPHA EHEPrISi TA BE3INEKA

HAIIIBITPOBITHUKOBI IETERKTOPH
AJA CIHERTPOMETPII AAEPHUX BUITPOMIHIOBAHD

Oza50 npono3uuii

HarmiBripoBiTHUKOBI /IeTeKTOPH 3alIMaIOTh O/IHE 3 BasKITMBUX

MiCITb cepe/l TIPUJIAJIiB S/IEPHOI CTIEKTPOMETPii. Y 3asex-

HOCTI Bijt siiepHO-(hi3sNUHNX 3a/1a4 BUKOPUCTOBYIOTHCS Jie-

TEKTOPH Pi3HUX TUTIB. Y BiytiJii pamiamiiinoi ¢isuku po3po-

GJISFOTBCSI | BUTOTOBJISIIOTHCS IETEKTOPY HACTYITHUX TUIIIB:

1. IloBepxHeBo-6ap'epHi IETEKTOPHU MOBHOIO IOTJIMHAH-
H4 (E-neTextopu) Ha OCHOBI BHCOKOOMHOTO KPEMHIIO
n- i p-TUITY TIPOBIZAHOCTI /71T CIEKTPOMETPIi SIZIepHUX
BUIIPOMIHIOBAHb.

2. JleTeKTOpU THUTOMMX BTPAT 3aPS/IPKEHMX YaCTUHOK
(dE/dx-merexkropu) ans pobOTH B TEIECKOMAX st
BU3HAYEHHS CIEKTPa MacC 3aps/KeHNX YaCTUHOK, 1110
6epyTh y4acTh y CKJIAHUX SIEPHUX PEAKITsIX.

3. peiidosi kpemniii-nitiesi gerexropu (Si(Li)-nerex-
TOPHW) Ha OCHOBI KPEMHiI0, KOMITEHCOBAHOTO JIiTiEM,
JUUTS CTIEKTPOMETPIi 3aps/IPKEHNX YaCTUHOK.

Innosauiiinuii acnexm ma ocHoeni nepesazu:
Po3poburioBasibHi HATIBIPOBIAHUKOBI IETEKTOPH BUKOPH-
CTOBYIOTLCS B S/IepHO-(i3MUHNX BUMipaX Ha IPUCKOPIOBA-
Yyax 3aps/KEHUX YaCTUHOK. JleTekTopu MaioTb BUCOKY
€HePreTUYHY PO3/IIJIbHY 3[aTHICTh, 3HAYHI PoOOYI 1101 i
HIUPOKKUH THTEPBAJ TOBIMHHI Y4y TIHBOI 00JIaCTi.

Iany3s 3acmocysanns
JleTeKTOPU BUKOPHUCTOBYIOTHCS /TSI CIIEKTPOMETPIi si1ep-
HUX BUITPOMiHIOBAHb.

Cmaodis po3pooxu

JleTekTOpr PO3POBIISIOTHCS i BUTOTOBJSIOTHCS 3 PISHUMU
POGOYMMH TTapaMeTpaMu JIIsT KOHKPETHHX sepHO-(hisud-
HUX 3a/1a4.
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Puc. 1. HaniBnpoBiiHUKOBI €TEKTOPH

Konmaxmna ingpopmauis

Incruryt spepuunx pocaimkens HAH Ykpainu
II. I JIutoBuenko

Ykpaina, 03680, m. Kuis, np. Hayku, 47

Tex.: 525-23-49, 525-26-14

Daxkc: 525-44-63.

E-mail: plitov@kinr.kiev.ua
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NUCLEAR ENERGY AND SAFETY

TRITIUM STATIC ELIMINATORS (TSET)

Description

Tritium sources for generating soft beta-radiation (BITr-M)
are at the heart of the static eliminators developed by phy-
sicists at the Kyiv Institute for Nuclear Research. The
sources themselves are comprised of a thin film (0,5 pm) of
titanium metal impregnated with tritium deposited on mo-
lybdenum backing material. The working surface of the
source is covered with a protective film made of either silicon
monoxide or dioxide.

Tritium used in BITr-M is a pure beta-radiator which
emits the lowest maximum energy (18,6 keV) among all
known isotopes. It permits and essentially unlimited use of
these static eliminators in production facilities without ha-
ving to employ special radiation protection measures where,
in some cases, there is no option other than the use of these
static eliminators.

These static eliminators operate under the principle
that air flowing past the working material is ionized by the
beta radiation (electrons) which is then able to attract and
neutralize latent charges (of opposite polarity) accumulated
in the working environment. The ionization current produ-
ced by the BITr-M is 1,5-10% A /cm?.

Based on client needs, these eliminators may be con-
structed to match the specific working environment. In one
example, the sources are set in proximity (1-3 cm) to elec-
trifiable material while an ionization current is maintained
due to the electrostatic charge. The required ionization
current from the working surface is provided by the choice
of BITr-M sources. As such, static eliminators may be pro-
duced to meet the specific needs of the client.

The static eliminator service life is no less than 8 year.

Innovative Aspect and Vain Advantages

—  high efficiency and complete autonomy;-

—  compactness, simplicity and convenience in service;:

—  reliability and durability;

—  operation of these eliminators is possible even in explo-
sion and firehazard conditions;

—  operate independently of power sources;

—  may be used in a wide variety of industrial needs;

—  inexpensive;

-~ ecological hazards are essentially nonexistent.

This product is designed to eliminate electrostatic
charges that arise during the treatment of materials highly
susceptible to electrification. As such, these eliminators help
to reduce unforeseen outages and external interference in
process such as material sealing, material crushing, photo-
material exposure, etc., to increase worker safety by
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Fig. 1. Tritium static Elemina Tors TSET

decreasing the probability of occurrence of fires and explo-
sions connected to spark formation, and to minimize elec-
trostatic field effects on workers and the working environ-
ment.

Areas of Application

These static eliminators may be employed in the chemical,
textile, printing and other industries including the manu-
facture and treatment of film, sheet and powder materials
which are susceptible to static electrification.

Stage of Development

Preparations are underway to create facilities for the serial
production of the static eliminators in industries that work
with dielectric and other static-susceptible materials.

Contact Details

Nicolay Kolomiets

Institute for Nuclear Research of the National Academy of
Sciences of Ukraine

Prospekt Nauki, 47, Kyiv 03028, UKRAINE

Telephones: (380-44) 525-2349, (380-44) 525-2614

Fax: (380-44) 525-4463

E-mail: interdep@kinr.kiev.ua
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SSAEPHA EHEPrISi TA BE3INEKA

HEUTPAJII3BATOPU TPUTIEBI

CTATUYHOI EJJEKTPUKH HTCD

022150 nonozuuii

OCHOBHUM €JIeMEHTOM PO3POOJICHHUX HETPATTIZaTOPIB € TPH-
TieBi aKepesa M'sikoro Gera-unpomintoBatts (B Tp-M).
Jlsxepena sIBISIIOTH 06010 TOHKY (Topsizky 0,5 MKM) TUTIBKY 3
TUTaHY, HACHYEHOTO 130TOIIOM BOJIHIO — TPUTIEM, 1110 HAHECEHA
Ha MiAKIAKY 3 MOJTiGeHy. PoGoua noBepxHst [Kepesia IIOKpH-
Ta 3aXFCHOIO TIJTIBKOIO 3 MOHOOKHUCY 260 JIBOOKUCY KPEMHITO.

BukopucroByBaHuil i3oTon Tpurtiii € unctuii GeraBu-
TIPOMIHIOBAY, 10 MA€ caMy HU3BKY i3 BCiX BiIOMHUX i30TO-
B MakcuMaJsbHy eHeprieto Gera-enexTponis (18,6 keB) i,
BIIOBIAHO, caMUil KOPOTKUI MaKCUMaJbHUI X 1poOir
(meH 6 MM y TiosiTpi). Lle 103BoJsIE TPaKTUYHO HEOOMe-
JKEHO BUKOPUCTOBYBATH PO3POOJIeHI HelTpatizatopu y BU-
POOHMUYMX TIPUMILIIEHHSX 0e3 BXKUBAHHS Cliellia-JIbHIX 3a-
XOIIB pa/lialliifHOTO 3aXWCTY, i B PSI/II BUTIAAKIB Taki HENT-
paJiizaTopu He MalOTh aJIbTePHA-THUBU.

Heiirpanizatop HTC3 saBisie co6oto neHad, y sikuii
MOMITIEeH] TIIaTH 3 YKPIMJIEHUMH Ha HUX JKepeaamu Oera-
BunpominioBauHsa Tputieumu tury bUTp-M mo TY
V¥ 05540132.015-97, sakpurnii 3anobizxuowo citkom. /Jos-
JKMHA HeHTpasidaTopa MOBMHHA BiNOBIIATH MWPUHI Ma-
Tepiay, 1o mepepodIsIEThCSI.

[Ipuntun il HelTpaTi3aTOpPiB MOJIATAE B i0HI3aIIi1 TTO-
BiTpst GeTa-eJIeKTPOHAMI, BUIIPOMIHIOBAHUMU JIKEPEJIaMI,
I HaCTyIHIHN B3a€MOJII 3aps/IiB HACJIEKTPU30BAHOTO MaTe-
piay 3 yTBOPeHNMH 10HAMU MTOBITPST MPOTHUJIEKHOI TTOJISIP-
HocTi. lonizamiitauit ctpym, ctBoproBarmii bBU'Tp-M, cra-
HouTh 1,5-10°% A/em?

HeiiTpasnizaTtop BCTaHOBJAIOWTL y OesnocepeaHiit
6s3bKOCTI Bij MaTepiany, mo enekrpusyerbes (1-3 m),
a 1OHI3aIIITHUH CTPYM MiAITPUMYETHCS 32 PAXyHOK TIOJIS eTe-
KTPOCTAaTUYHOTO 3apsI/Ly.

MozkyTh OyTH po3podiieHi HefiTpami3aTopH, 1o 3a/10-
BOJIBHSIOTD CIIEI[ia/IbHUM BIMOTaM 3aMOBHUKA.

Tepmin ciry:x6u HEUTPATI3aTOPIB CTAHOBUTH HE MEHIIL
8 poxiB.

Innosauitinuii acnexm ma ocnoséni nepesazu

—  BHCOKa e(eKTUBHICTH i TOBHA AaBTOHOMHICTB;

—  KOMIIAKTHICTb, IPOCTOTA ¥ 3pYy4YHICTD B €KCILTyaTallil;

— HaIHICTD 1 [[OBTOBIYHICTB;

—  MOJKJIMBICTDH eKcIuryataifii y Bubyxomnebesnednux i
MOKEKOHEOE3METHIX YMOBAX;

—  BIJCYTHICTb HEOOXITHOCTI B JIPKEPesIax sKIBJICHHS;

—  IIMPOKHH CIIEKTp 0bIacTeli 3acTOCY BaHHST;

—  HN3BKi BUTPATH H €KOJIOTIYHA YHCTOTA.

[Ipusnaueni ars ycyHeHHST TIPOSIBY €JIEKTPOCTATHY-
HUX 3apsiliB, SIKI BUHUKAIOTH [IPU 11€pepolIli Marepialis,

HAYKA TA THHOBAIIIL. Ne 4, 2006

Puc. 1. Heiitpanisatopu TPUTIEBI CTaTUYHOI EJEKTPUKH THILY
HTC3I

110 CHJIBHO €JIEKTPU3YIOTbCS. 3aCTOCYBaHHs HeHTpasiza-
TOPIB /TO3BOJISIE BUKJIOUUTH TIOPYIIEHHS TEXHOJOTITHOTO
nporiecy (3aJWTIaHHS MaTepiamiB, iX pacHylIyBaHH:, 3a-
cBiT/IOBaHHs hoToMaTepianis i T. 1) i migsummT 6e3nexy
mpari (BUKJIIOUNTH TOB'S3aHY 3 i1CKPOYTBOPEHHSIM MOXK-
JIMBICTH TOKEXK 1 BUOYXIiB, 3HU3UTH 710 Oe3ledHrnX pPiBHIB
BEJINYMHY €JTeKTPOCTATUYHUX TOJIB i T. I1.)

TIany3vs 3acmocyeanns

HetitpasizaTopn 3acTOCOBYIOThCS B XiMiUHIH, TEKCTUIBHIH,
nosrirpadpiaHiH i iHTTIH TaTy3saX TPOMHUCIOBOCTI, 1O BUTO-
TOBJISIIOTH 1 1IepepOGJIAIOTH IIIBKOBI i JIMCTOBI MaTepiajim,
SIKi €JIEKTPU3YIOTHCS B ITPOIIECT TEXHOJOTIYHOTO ITHKITY.

Cmadis po3pooxu

Ha erami cTBOpenHst TeXHOJIOTIYHOI JiHil 11 cepiiiHOro
BUITYCKY Pa/lioi30TONMHUX HENTPaIi3aTOPiB CTATUYHOI eJle-
KTPUKHU [[Jisl BIPOBA/UKEHHSI Y BUPOOHUIITBO MOJIMEPHIX
Ta THINX [ieTeKTPUYHUX MaTepiasliB.

Konmaxmmna ingpopmauin

Incruryt spepuux pocnimkens HAH Ykpainu
Muxousa Konowmiers

Ykpaina, 03680, m. Kuis, np. Hayku 47

Ten.: 525-23-49, 525-26-14; Maxkc: 525-44-63
E-mail: interdep@kinr.kiev.ua
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NUCLEAR ENERGY AND SAFETY

TRITIUM-CONTAINING TARGETS
FOR NEUTRON GENERATORS

Description

These targets are intended for generating neutron fluxes
with energies of up to 14 MeV for the d (T, n) reaction and
25 MeV for the d (D, n) reaction. These targets provide
stable neutron fluxes of the required intensity. The desig-
ned lifetimes compare favorably with the best in the world.

Innovative Aspect and Main Advantages

Neutron flux (n/s) 108 to 1013
Target diameter (mm) 11.6 to 432
Substrates Cu, Mo
T3 and ;D? sorbents Ti, Zr, SC
Mass surface density of sorbents (mg/cm?) 0,5 to 3

T3 and ,D? atoms per sorbent atom 1,5
Number of standardized sizes 10

Modification of the target at the request of the client
is possible.

Areas of Application
They Are Intended for use in booster of the particles.

Stage of Development

First Stage: a technical process has been established for the
serial production of Tritium-containing targets for neutron
generators.
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Fig. 1.Tritium-Containing Targets for Neutron Generators

Contact Details

Institute for Nuclear Research of the National Academy of
Sciences of Ukraine

Prospekt Nauky, 47, 03028, Kiev-28

Telephone: (380-44) 525-23-49, 525-26-14

Fax: (380-44)525-44-63

E-mail: interdep@kinr.kiev.ua
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SSAEPHA EHEPrISi TA BE3INEKA

MIIIEHI J1JIsI HEUTPOHHIX TEHEPATOPIB,

1[0 MICTATh TPUTIN

02120 nono3uyii
MitireHi 03BOJISTIOT OJIEpsKyBaTH CTabl/IbHI B Yaci HeHTPOH-
Hi TOTOKK HEOOXiZAHOT IHTEHCHBHOCTI.

Pecypc pobotu MmillieHell — Ha PiBHi, AOCSITHYTOMY
KPAIMMI CBITOBUMHU BHPOOHUKAMIL.

Innosauitinuii acnexm ma ocno6ui nepegazu

[Torik HEHTPOHIB, HEHTPOH/C 108-1013

[liametp miteni, Mm 11,6—432

Marepian miaKIamox Miib,
MoTiGIeH

Copbentu TpuTio i geiiTepio THTaH,
IIUPKOHIH,
CKaH/IN

Macosa nosepxHeBa rycTuHa

copbenTiB, Mr/cm’ 0,5-3

Yucso aToMiB TpuTiio (sefitepiio)

Ha aToM COPOEHTY 1,5

KisbKicTh cTaHIAPTHUX TUITOPO3MIPIiB 10

MoskyiiBe BUTOTOBJIEHHsS Moaudikailiii MileHein 3a
GakaHHSIM 3aMOBHUKA.

Iany3s 3acmocysanns

Mimeni npusHaveHi /i o/iepsKaHHs HeUTPOHHUX TTOTOKIB
3 eneprieio 14 MeB g (N, n) peaxtii it 2,5 MeB mis
(D, n) peaxitii.

Cmaodis po3pooxu

Ha erami cTBOpeHHsT TeXHOJOTIYHOI JiHil A cepiliHOTO
BUITYCKY MillleHeH, 110 MIiCTSATh TPUTIN /JIT HEHTPOHHUX
reHepaTopiB.

HAYKA TA THHOBAIIIL. Ne 4, 2006

Puc. 1. MimeHi, mo MicTTh TPUTIii /151 HEHTPOHHUX reHePaTOPiB

Konmaxmmna ingpopmauisn

Incturyt sanepanx nocaimkenp HAH Ykpainn
Muxosia Kostomierp

Ykpaina, 03680, m. Kuis, mp. Hayku 47

Teun.: 525-23-49, 525-26-14

Daxc: 525-44-63.

E-mail: interdep@kinr.kiev.ua
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