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

SCIENCE AND INNOVATION. Ne 4, 2006



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-
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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.
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