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IOPUINYECKAS OI'OBOPKA

Hacrosimee coofmeEse IOArOTOBICHO B KadecTBe JOKIaja o pabote,
¢uHasCHpOBaBmeiica areHTcTBoM IlpaBurenscrBa Coemunenmerx Illtatos
Awmeprxy. Hu Ipasrrenscreo CoegureHHsX IlITaToB AMepHKH, HA JEOOEIE ero
areHTCcTBa, H1 MeMoprabHbiit HCTHTYT Barrei, Hi obbie MX COTPYAHAKH He
JAI0T HHKAKHX rapasTHii, IPAMO BLIPAa’KeHHBIX WIH NOApa3yMeBaeMbIX, He
OepyT Ha ce0 HHKAKHX IOPHAMYECKHX 003aTelIbCTB HIIH OTBETCTBEHHOCTH
32 TOYHOCTH, NOJHOTY ¥ NOJIE3HOCTL J1000i H3goxenHol HHbOpManuH,
aNnapaTyphl, NPOAYKIHH HIH NpoHecca, a Takke He YTBEDP:KAAIOT, YTO HX
HCIOJIb30BAHHE He WOBJeYeT HapylieHHe HAXOAAINHXCA B YacTHOM
BiageHnd npaB. CCBUIKA B HACTOANIEM H3[aHAH Ha JIOOYI0 KOBKDETHYIO
KOMMepUECKYI0 NpOAYKIWIO, HpoLecc WiE ciyx0y, CHelaHHEIE B BHIE
YHOMHAHAHHFS TOPrOBOTO0 MMEHM, TOPrOBO# MAapKy, M3TOTOBATENA HIIH KaKHM-
b0 gpyraM 06pa3oM He 00S3aTelBHO BEICKA3HIBAIOT MM NOAPA3yMEBaIOT MX
OfoOpeHNe, pPEKOMEHHAIMIO YIH OHArompuUATCTBOBZHHE CO CTOPOHEI
TIpaButenscTBa CoeMMHEHHBIX ITATOB AMEPHKH, J0B0ro ero areBTCcIBa Wil
Mewmopuansroro HMuctutyra Barresul. Bripaxeruble B M3JaHHH B3TIANE! H
MHEHus aBTOpPOB He 00f3aTe)IbHO COBIANAIOT ¢ MHCHWAMH IIpasurenscrsa
CoenurenBsIX 1lITaToB AMEpUKY HIH JEO00OT0 €ro areHTCTBa.
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Jim Hartley
Pacific Northwest National Laboratory; Richland, Washington

~ The primary goal of the workshop was to review and evaluate a concept of phytoremediation to
extract radionuclides from the soil and near-surface groundwater combined with biomass energy
production to use the contaminated biomass from phytoremediation as well as other
contaminated biomass in the Chornobyl Site Exclusion Zone (CEZ).

Fifty-five knowledgeable representatives from government and industry in Ukraine, Russia,
Belarus, Denmark, and United States gathered at the Slavutych Laboratory for International
Research and Technology, Slavutych, Ukraine, to discuss this concept. Thirty presentations were
made covering

1. Proposed Chornobyl Phytoremediation and Biomass Energy Conversion Project’

2. Chornobyl Exclusion Zone Contamination Characterization

3. Overview of Ongoing Projects

4. Phytoremediation and Biomass Resource As.sessment

5. Energy Conversion Systems

6. Radioactive Waste Management, Environmental and Worker Health

7. Economics and Financial Approach.

Many concepts, technologies, and ideas were shared during the course of the workshop as well

as proposed next steps. The basis for the discussion was a proposal prepared jointly by
Technocentre, State Company for Treatment and Disposal of Mixed Hazardous Waste of
Ukraine and Oak Ridge National Laboratory (ORNL).

The following proceedings provide the workshop agenda, workshop summary and conclusions,
abstracts of presentations, presentations, and the list of attendees.

Thanks to Dr. Tokarevsky, Director General, Technocentre, who worked very hard to bring -
about this workshop and create an opportunity to exchange information and ideas related to the
Technocentre’s and ORNL’s proposed project.

The presentation abstracts are in both Russian and English, and the complete presentation is included
as submitted in the presenter’s native language.

The address list of presenters and attendees is included in the final section.
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Joxim Xaprimm

Trxooxeanckas Cepepo—3anannas Hammonansras JlaGoparopus, Puwisey, mrat Bammarron

OcHoBHas 33a49a CEMHHAPA 3aKIFO9Iach B IPOBEACHAH PaCCMOTPEHAS H H3YIeHUS KOHIICIITHH
BOCCTAHOBJICHHS IIPX IIOMOINH PACTHTENLHOCTH I H3BICYeHHS PAIHOHYKINIOB H3 HOYBE K
IPANOBEPXHOCTHEIX OA3EMHBIX BOJ B COUECTAHUH C BEIPabOTKOM SHEPIHE A3 OHOMACCEI Iy TeM
HCHONb30BaHMA nonyqaeMoﬁ B XOAC BOCCTAaHOBJICHHA IPpA ]IOMQI!IK PaCcTHTEIIFHOCTH
3arpsA3HEHHON 6HOMACCE], a TaKXKe NPYroi 3arpa3HeHHOH GroMacch! B UepHOOBUIECKOM 30He

OTIYXXACHHAL.

Jlna o6cysxaeRrs 3Toro nprHnEna B JIa60paTopHd o MeXIYHAPOXHEIM HCCIENOBAHMIM H
TexHONOruH B CnaByTrde cOOpaiCh IAThRECAT IATh OpeAcTaBaTeNeii IIpaBATENBCTB B
TIPOMBIIUICHHOCTH Ykpaunusl, Poccrm, Benapycn, {asmu u CoepmrerHbx IltaToB AMepuka.
Bruio caenano TpuADATh JOKIANOB, OXBATHIBABIIAX

1. Yeprobruisckyro ITporpaMmy mo BOCCTAHOBNEHHIO IPH NOMOIIA PACTHTEIEHOCTH U
npeoGpazoBaHmIo GEOMACCH B SHEPIHIO

.

Onpeneneraue CBOMCTB 3arpsS3HSIOMEX BEMECTB B UepHOOUIECKOM 30HE 0TIy KICHAS

0630p IpOBOAUMEIX IPOEKTOB

Ouemcy BOCCTAaHOBJIEHHA OPH HOMOIIH PAaCTHTCIIFHOCTH H 3a1aCoOB 6momacc

CucreMsl ipeo6pa3oBaHys B SHEPTHIO

O6parenue ¢ pafHoaKTHBHEIME OTXOJAMH, COCTOSHEE OKPYIKAIomeit CPENEI H OXpaHy
3OpOBbs. Pa0OTHAKOB

7. OxoHOMEYecCKHE B (GHHAHCOBEIE HOMXOEL

Ha nporsxeEnn ceMuEapa 6501 0CBEMEHE! MHOXKECTBO KOHIIEHIHH, TEXHOIOTHIL 1 HIeH, a
TAKKe NIPENCTaBICHb] IpeaaraeMele cieayromue mard. OCHOBO# 00CyXaeHns CTano
ilpezmoxceﬁne, IIOJITOTOBJICHHOE COBMECTHO TeXHONEHTpoM YKpauHsl B OKpHIKCKOM
Hammonanmsaoit JIabopatopueit (OHII).

HpHBO,I[HlVIBIe HIDKE MaTepuaibl NPCACTABIIAIOT MOBECCTKY JHA CEMHHAPA, KPATKOC H3NI0XCHHUE
CceMHHapa ¥ BEIBOAOB, BRIACPXXKHY U3 JOKIAZ0B, JOKIAIEI B COHCOK YYaCTHHKOB.

bnaromapum p~pa TokapeBCKOro, KOTOPEIA 04eHb HHTEHCHBHO paboTal HaJl NpOBEACHAEM
JaHHOTO CEMHHApa ¥ CO3aHHEM BO3MOXKHOCTH IpOBeAcHS 0OMeHa nEdopManueil B HaeIMH,
CBA3aHHBIMH C IIpeAjiaraeMeM npoekroM TexronerTpa B Oxprmxckoit HanmoransHoi
JlaGoparopum.

BBII(CP)KKK M3 JOKNIaAO0B IPUBOAATCA HA PYCCKOM B QHTJIIMCKOM A3bIKaX, a JOKIaBI IIOJTHOCTRIO
BKIIIOUCHEB!I B TOM BHAC, B KAKOM OHH ObUH 102"kl Ha POTHOM A3BIKEC JOKJIIaMYHKOB.

CHcoK y9aCTHHKOB H IIPHCYTCTBOBABIINX Ha CEMHHAPE C HX apecaMy BKIIIOYEH B
3aKIIOYNTEBHEINA Pa3fell.
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Jim Hartley ,
Pacific Northwest National Laboratory, Richland, Washington

Vladimir Tokarevsky
State Company for Treatment and Disposal of Mixed Hazardous Waste, Ukraine -

Many concepts, systems, technical approaches, technologies, ideas, agreements, and disagreements
were vigorously discussed during the course of the 2-day workshop. The workshop was successful in
generating intensive discussions on the merits of the proposed concept that includes removal of
radionuclides by plants and trees (phytoremediation) to clean up soil in the Chornobyl Exclusion

Zone (CEZ), use of the resultant biomass (plants and trees) to generate electrical power, and
incorporation of ash in concrete casks to be used as storage containers in a licensed repository for
low-level waste.

Twelve years after the Chornobyl Nuclear Power Plant (ChNPP) Unit 4 accident, which occurred on
April 26, 1986, the primary radioactive contamination of concern is from radioactive cesium (**’Cs)
and strontium (*°Sr). The *’Cs and *Sr were widely distributed throughout the CEZ.

The attendees from Ukraine, Russia, Belarus, Denmark and the United States provided information,
discussed and debated the following issues considerably

1. Distribution and characteristics of radionuclides in CEZ.

2. Efficacy of using trees and plants to extract radioactive cesium (Cs) and strontium (Sr) from
contaminated soil. These trees and plants in turn would be part or all of the feedstock for the
biomass energy conversion.

Selection of energy conversion systems and technologies.
Necessary infrastructure for biomass harvesting, handling, transportation, and-energy conversion.

Radioactive ash and emission management.

NS W

Occupational health and safety concerns for the personnel involved in this work.
Economics. :

The attendees concluded that the overall concept has technical and possibly economic merits.
However, many issues (technical, economic, risk) remain to be resolved before a viable
commercial-scale implementation could take place. In fact, many aspects of the proposed
concept needs restructuring or refocusing to take advantage of the information and experience
available from related work such as that being performed in Belarus.

Some of the specific conclusions were:

1. Phytoremediation using trees and plants appears to be very limited in its effectiveness in
extracting "*’Cs and *°Sr from Chornobyl soils and near-surface groundwater.

2. The majority of current biomass contamination in the CEZ is due to direct disposition of
radionuclides. ‘

3. The need for forest management may create an opportunity for biomass to be used in
combined heat or power plants.
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4, Energy conversion systems and technologies should be limited to proven and
commercially available technologies. Combustion systems that meet this requirement are
currently in use in Europe and the United States.

5. Ash disposal procedures and systems should be pursued that meet international
regulatory requirements and minimize cost.

Removing radionuclides from the soil using trees and plants (phytoremediation) is different from
simply harvesting the existing vegetation on the site and would require different approaches and
harvesting/handling procedures. The principal contaminant of concern, cesium, is also the most
recalcitrant. It sorbs strongly to clay particles in the soil. As a result, bioavailability for plant
uptake is very slow. Data were presented that indicated that certain plant species are capable of
accelerating the uptake process, but that further research is necessary to validate the use of these
plant species.

As an alternative, the several Workshop attendees suggested focusing on existing woody
materials (trees) and plants (vegetation), rather than biomass from specialized phytoremediation.

Many options were discussed for converting the biomass in the CEZ to useful products, such as
liquid fuels, gas, electricity, and heat. The only systems that are both proven.and commercially
available are combustion systems. Many of these systems are in use in Europe and the United
States. The critical issue that remains to be addressed is the use of contaminated biomass and the
resultant need for managing radioactive waste and emissions. Planned pilot-scale tests in
Belarus will address this issue. The infrastructure necessary to support energy production from
biomass, including roads, biomass harvesting, transportation, and pretreatment, is a major

concern.

Former CEZ agricultural lands are reverting to forests and the majority of forests in the CEZ are
in poor condition since they were planted at high density in anticipation of thinning as part of
forestry management. The need for forestry management may create an opportunity for biomass
1o be used in combined heat and power plants. If the costs of fuel supply are considered to be
part of forest management such as to avoid forest fires, then large-scale biomass power
production may be economically attractive.

Many of the attendees have the background and experience that could help focus and direct this
effort to a successful conclusion. To be successful, the proposed project should build dJrectly
from the ongoing Belarus project.

The overall conclusion was that while many serious questions still need to be resolved, the
workshop participants agreed that the assessment of the proposed Ukrainian project should
continue.

The next step suggested by the attendees and by Dr. Terry Lash (see below) is to form a project
organizing committee that would be chartered and formed to 1) coordinate the efforts the various
stakeholders and 2) provide the necessary project focus to answer the critical technical and
economic issues through a focused project feasibility assessment. Selected government and
private stakeholders from United States, Ukraine, Belarus, and others would carefully review the
cutrent proposals to clean up the Exclusion Zone using phytoremediation and biomass energy
conversion and make recommendations on the most viable approach and next actions, including

funding options.

Dr. Terry Lash, Office of Nonproliferation and National Security, U.S. Department of Energy,
- requested that proceedings be quickly prepared and disseminated so that researchers not present
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could review and make comments, and interested countries could be made aware of the data and
proposed work. In addition, he suggested that an “organizing committee” be established, that a
set of overall and detailed goals be outlined, that R&D needs be identified, that the most
promising path forward be identified, and that an economic assessment be conducted. He added
that although Ukraine spending for Chornobyl is high, the total funds available for work in
Chornobyl are less than what is needed and priorities for big projects need to be set.

Brian Castelli, Office of Energy Efficiency and Renewable Energy, U.S. Department of Energy,
agreed that proceedings will be important and added that consideration should be given to
developing models for predicting the impact of important parameters, for example, what would
be the effect of a major forest fire in the Exclusion Zone. Also of interest would be a perspective
on potential non-radiological spin-off developments.
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[ T T T O BHTAT OIERKA:
Joxwv XapTim -

Txooxeanckas Cepepo—sanannas Hanmoranmsaas JIaboparopus, Pransay, miTat BamwarTos

b o

Bnagmvup Toxapescrait
l'ocynapcTeHnas koMIaHms 0o 06paboTke 1 3aXOPOHEHAIO CMEIIAHHEIX OMACHEIX OTXOJ0B,
Vkpaura .

Ha npoTspxernn NByXTHEBHOTO CeMEHapa OBUTO IPOBENEHO OXXHUBIEHHOE 0OCYXIEHIE MHOIHX
KOHIEMIHH, CHCTeM, TEXHHIECKHX TOXOZOB, TEXHOJIOTHH, HACH, COrNAIeH I X PACXOX/ICHHH.
CeMHBap OKa3aJCs YCHENIHEIM, BEI3BAB HHTEHCHBHEIE AECKYCCHE [0 IIOBOAY HOCTOHHCTB
npemaraeMot KOHIENIIHY, BIJIFOYAOINell BOCCTaHOBIICHAE IPH NOMOITH PaCTHTEEHOCTH C
LeJIBI0 OYHCTKA 0YBEL B HepHOObUIECKOH 30ue oTayxaernd (130), Hcnomns3oBanue
CO3/1aBAEMOIA B pe3yJIbTaTe GHOMAcCH (PacTeHM B IEPEBLER) A BEIPaBOTKH NEKTPOIHEPTHE
H BKJFOYEHHA 30JI6L B KagecTBe N06aBKH B 6€TOH KOHTEHHEPOB, IpeHa3HAYCHHEIX I
XpaHeHWs HU3KO PafHOaKTHRHEIX OTXOZOB B JHICH3APOBAHEOM I 3TOTO XPaHMIIAIIE.

JIBeHamaTh JIeT CIXyCTS HOCHe aBapud Ha sHeprobioxe 4 UepHOOEUIECKOH ATOMBOM

Anexrpoctanmuu (HYAIC), nponsomenmeM 26 ampens 1986 ro,ua, OCHOBHBIMH BEI3BIBAIOINAMH

3arpa3HeHHe 3]IeMEHTaMH ABJLTOTCA pafioakTHBHEe nesuit ('Cs) i CTPOHIHH ( °Sr) Bicsu
Sr mupoxo pacipoctpaners: mo YepHOGEECKOM 30He OTIYIKICHHS. '

TlpucyrcTBOBaBIIME HA CEMHHAPE YIACTHHKA C VYxpaunsl, u3 Poccrn, benapycn, Jlanmn u
Coenmuaennsx IIITaToB AMepHKH IPEXOCTaBIIIE HHEGopManuzo. Ol TIPOBEITH riryboxoe
ofcyxpaeHue U fe6aTe! O CISAYIOMHEM BOIPocam:

1. PacnpocTpaneHme u XapaKTE€pHBIE CBOHCTBa DANEOHYKIHAAOB B U30.

2. DddeKTHBHOCTH HCIONB30BaHMS ASPEBHEB B PaCTeHUH JUIT H3BIEUeHHS U3 3arpA3HeHHON
IOYBEI pagroakTHBHOro nesud (Cs) ¥ pammoakTHBHOTO CTpoHIES (St). DTH JepeBhs B
PacTeHH, B CBOIO 0Yepeb, CTaHYT JaCThHIO M IIOJHOCTHIO TOILIABOM JIE IpeobpasoBanus
OroMacch B SHEPIHIO.

3. Bribopa cucreM H TeXHOJIOIHH Ipeobpa30oBaHUs B SHEPTHIO.

4. HeobxomuMoi mEGPaCTPYKTYPEI U1 cOopa ypoxas 6HOMacCHl, oGpamémm c Hel, ee
TPaHCIIOPTHPOBKYE A IPeo0pa30BaHus B 3HEPTHIO.

5. Ofpamenus ¢ paTHOaKTHBHOM 305108 H MEPEI IO MPEAOTBPAICHAIO BEIICICHHH
3arpA3EMIOIUX BEMECTB B OKPYIKAIOIIYIO CPEXY.

6. OxpaHsl 3710poBbs ¥ 6€30I1aCHOCTH PaOOTHHKOB, IPHHMMAIOIIAX y9acTHE B TaKo# paborte.

7. OxoHOMHYECKHE BOIPOCHL

VaacTRHEKH CEMHHapa MpUANUIA K 3aKiFOYCHHIO, IT0 KOHOCIITHA B ICIIOM obyamaer
TEXHHICCKHUMH ¥ BEPOITHBIMH 3KOHOMHICCKAMHA JOCTOHHCTBAMH. OD,'HaKO, J0 TOro, Kax GYIICT
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BHOMACCH! B 3HEPTHIO '

IIpEINpHESTa €6 KU3HECHOCO0Has pealnn3anas B KoMMepIeckoM MacmTabe, HeoOX0IuMO
Pa3pelrTh MHOTHE BOOPOCH (TEXHMYECKAE, SKOHOMHYECKHeE, HAIAIHS prcka). ITo cyTn mena
HEOOXOMHEMO H3MEHHTE CTPYKTYPY HIA H3MEHATEH HAPaBIeHHOCTs MEHOTHX aceKTOB
IpeoiaraeMoli KOHIEIIHHA C TEM, YTOOEI BOCIIONB30BaThC HHQOpManHell ¥ OIBITOM,
JOCTYIIHBEIMH B Pe3yJIsTaTe OpOBEIeHIS CX0xXel paboThl, TaKoi Kak npoBoauMo# B bemapych.

HexoTOpEIME U3 KOHKPETHEIX 3aKI0YeHAN CTamm

1. BoccTaHoBIECHME OpH IOMOIIH PACTHTENHHOCTH C HPAMEHEHHEM ICPEBbEB B PACTCHMMH, KaK |
nopencrazenxe"rcz, o0IafaeT BeCkMa OrpaHiIeHHOM 3()HEeKTHBHOCTEHIO I YAANCHAS Bicsu
*Sr B3 HOYBEHHBIX TOKPOBOB K IPHATOBEPXHOCTHEIX HOA3MHEIX BoJ B YepHOGELIE,

2. OcHOBHOE 3arps3HEHHE Ha CETOAHAIIEMI qeHb 6nomacce! B Y30 sBisgercs pe3yIbTaToM
HEMOCPEACTBEHHOI0 OTJIOXKEHHS PalHOHYKIIAOB.

3. HeobxommMOCTh BeICHHS JIECHOTO XO3JHCTBA MOXKET CO3HATh BO3MOXHOCTD ML |

HCIOJIL30BaHAg GHOMACCH! Ha CTAHIAX, BEIPAOATHBAIOMNX TEIUIOBYIO H 3IEKTPHUECKYIO
SHEPTHIO.

4. CHcTeMEI M TEXHOJIOTHE Ipeo0pa3oBaBus B SHEPTHIO JOJDKHEI OBITH OTPaHHIEHEI TOJIHKO
3apeKOMEeHIOBaBIIEMHE ce0s H KOMMEpYECKH AOCTYIHEIMHA TeXHONOrHsaMH. OTBegarolye
TpeGOBaHAAM CHCTEMBI CXKHATaHUS B HACTOSIIEE BpeMs NpaMeHsiorcs B Esporie 1 B
Coemmaennsix IlltaTax AMepHKH.

5. HeobxozmmMo 3arMMaTECS TEMH IPOLETYPaMH B CHCTEMAMH 3aXOPOHEHHS 30JIBI, KOTOPEIe
OTBEYAIOT MEXAYHAPOAHEIM HOPMATHBHEIM TPEOOBaHUAM ¥ CBOAAT K MEHAMYMY 3aTpaTel.

Vnanenre pagrOHYKIMEOB U3 IOYBE! C HCHOJH30BaHUEM PaCTeHHH (BOCCTAHOBICHHE IIPH
IIOMOIIH PaCTHTENBHOCTH) OTIHIAETCS OT HPOCTOro c6opa yxxe mpouspacraromeli B 30He
PacTHTEILHOCTH | OoTpebyeT APYIEX MOIXO00B K NPONEAYp YOOPKH pacTHTEIFHOCTH |
obOpamieHns ¢ Helo. Baxaeimmii 3arps3asgomuii aneMenT, Cr, sBigercs Takoke 1 Haubosee
TpyIHEM IUid yRaineHwns. CTpOHIHM TpoYHO copOupyeTcs K INMHHNCTEIM JacTrIiaM B nTogse. Kak
Pe3yNBTAT 3TOT0, GHONOTAIECKOE aKKYMyIHPOBAHAE H MONIOMEHAE ET0 PACTCHASIME
IIPOHCXOJUT OYSHE MeIICHHO. BEUIM Ipe/icTaBeHE! JaHHEIE, YKa3hIBaBIIHE Ha TO, 9TO
OIIpefieNiCHHbIe. BUAEI PaCTeHH CIOCOOHE! YCKOPHTE IPOIECe IMOTTIOMEHHS, OXHAKO IS
TIOATBEPKACHAS OJNE3HOCTH TaKuX BAAOB pacTeHHM He0OX0MMMO IPOBEicHUE AAbHEHIIEro
H3y9CHAS.

B xagectse AbTCPHATHBEI HECKOJIPKO YIaCTHHUKOB CEMHHApa CACIIAM IPEITIOXKEHHC,

cBoAAmecCa K TOMY, YTO Jydmi€ CKOHIICHTPHPOBATECA Ha CYIMECTBYIOIUX ADCBECHBIX
MaTtepHanax (IepeBkIX) K pacTeHusX (BereTainn), 9eM Ha 6momacce, BO3HHEKaromel B
pe3ynsTaTe CIeHEaTFHO IPOBOANMOrO BOCCTAHOBJICHHS IPH IOMOINH PacTHTEIHHOCTH.

Bro o6cyxieHO MHOXKECTBO BapHaHTOB Ipeobpa3oBarns 6uomacce: B Y30 B monesHyio
TIPOAYKIIHIO, TAKYIO KaK >KHNKAE BHGI TOIUINBA, Fa3, 3JIEKTPAIECTBO B TeIwIo. CHCTEMEL
CKUTaHHs SBISFOTCS SAMHCTBEHHEBIMHE 3aPEKOMEHAOBABIIFMH Ce05 # KOMMEPYECKH
JOCTYIHEIME CHCTeMaMH. MHOTHE B3 TaKBX CHCTEM Ha CErofHs nmpaMeHTIoTca B EBpone 1 B
Coemmaennsx Illtarax AMepuxn. Cepbe3HeHImM BOIIPOCOM, OCTAIOMEMCS HYKIAIOIMAMCS B
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MATEPHA B YEPHOBBUIECKOTO CEMHHAPA 11O BOCCTAHOBJIEHHIO ITPH IOMOHIH PACTUTEJILHOCTU U IIPEOBPA30BAHHIO
BHOMACCH! B 3HEPTHIO

paspereHuy, SBIIeTCS NCIONF30BAHMAE NOABEPrIecs 3aTPA3HEHMIO GHOMACCH I BEITEKAIOMAS
M3 3TOr0 HOTPEOHOCTE B OOpalie R ¢ PaAnOaKTABHEIMA OTXOAaMHA K Gopsbe ¢
PaIyoaKTHBHEIMY BEIICICHIAMHE. IITaHupyeMble ONEITHO—-OKCICpAMEHTAILHEIE HCIBITAHAS B
Benapycy o6paTsTcs K paspelenuIo 5T0ro Bonpoca. Cephe3HEIM IpeMeTOM SBIISeTCs
rEhpacTPyKTypa, HeoOXoamMas i BEIpab0TKY SHEprEd B3 OHOMAacCEl, BKIFOYAs JOPOTH, cOop
ypo’kast GMOMAacChl, TPaHCHOPTHPOBKY M IPENBAPATEILHYIO 06paboTKy.

BrIBIIHE CENBCKOXO03siCTBEHHEIe Yroabs Y30 mpeBpamatoTes B Jieca, a GONBIMHHCTBO NECHEIX
mromapel B Y30 HaxoAATCH B ILIOXOM COCTOSHHH, HOCKONBKY OHH IIPEACTABICHEI B OCHOBHOM
IDOTJIAHJCKOM COCHOM ¥ BEICAXXMBAJIACH C BEICOKOH I'YCTOTOM B pacdere Ha WX NPOpEXHBaHHE,
IpPOBOAMMOE B KadeCTBE YaCTH BENCHHA JIECHOTO X03siicTBa. HeobxomumMocTs BeneHus JIECHOTO
X034HCTBa MOXET CO3aTh BO3MOXHOCTE JUIS HCIOJIE30BaHAS OHOMACCH! Ha CTAHIHX,
BsrpaGaTsmanmm: TEILIOBYIO H JJICKTPHICCKYIO SHEPIAIO. Ecim paccMaTpHUBaTh 3aTpaTel HA
HCTOYHHUKE TOIUIMBA B KAYECTBE YaCTH BEICHHS JIECHOTO X03HCTRA, KaK K NPAMEPY H30eKaHmA
JIECHEIX II0JKapoB, TO TOrZa KpynHoMacImTabHas BEPaboTKa SHEpray 13 OHOMacCHl MOXKET CTaTh
SKOHOMMYECKY IIPHABJIEKATEIHOH.

Mnorue Y9aCTHHKH CEMHHAapa paciiojiaraioT 3HaHMAMHA H OIIBITOM, KOTOPEIC MOTJIA OBl HOMOYh
C(l)OKYCKpOBaTB ¥ HAIIPAaBUTE JaHHEBIC pa60n>1 B HAHPaBJICHAN HX YCIICITHOT'O 3aBCPHICHNS, B
0COOEHHOCTH Te H3 YIaCTHHKOB, KOTOPHIE 3aHAMAIACH benopycckum mpoextoM. J{pyrre MoryT

OoKazarTb CO,ZICﬁCTBHC STHM pa60TaM, OJHAaKO JId JOCTHIKCHHA yCIieXa mpejiaracMbI€ IPOCKT
JOJDKCH CTPOHTECA HEMOCPEACTBCHHO OT IPOBOAXMOIO BeJIOPyCCKOI'O IOPOECKTa.

3akmoueHyeM B IIENIOM CTaJIO TO, 9TO, HECMOTPS Ha HAJIMYHE MHOTHX CEPHE3HEIX BOIPOCOB,
HYXHAIOIMAXCs B pa3peIeHAN, YIaCTHHKYA CEMIHApa CEPHE3HO COTNIaCHIMCE ¢ HEOOXOEMOCTEIO
IPOAOIDKEHHS IPOBEICHAT ONCHKHA IPEIIaraeMoro MpoeKTa Ha YKpanHe.

CrepyronmaM maroM NpeIOXKEHHEIM YIaCTHUKAME CeMAHapa U A-poM Teppa JIsmom
(cMoTpHTe HIDKE) ABNIGETCSA CO3MAHNE OPraHn3aiMORHOr0 KOMHTETA IPOEKTa, KOTOPEIH OFI
pPYKOBoACTBOBaICA ¥ 65U1 chOPMHEPOBAH Ui 1) KOOPAWHANHMHA YCHIMH pasiHIHEIX
3aHHTEPECOBAHHBIX B IPOEKTE JIHI K 2) s ofeciedenus HeoOX0mAMOit COCPEROTOYEHHOCTH
TIPOEKTa Ha TOIYYeHNY OTBETA Ha KPHTHUECKH BaYKHBIE TEXHHIECKHE B SKOHOMHICCKHAE
BOIIPOCEI ITyTEM IPOBEAEHHS [IEJICHAPABICHHOr0 TEXHAKO—3KOHOMHAIECKOr0 000CHOBAHHSA
npoekra. VI36panHEle 3aHHTEpECOBAHHEIC MNa ¢O cTopoHs! CoemuneHnrX 1iTaToB AMepakH,
Vxpawnsl, Benapycu u IpyTrX CTpad OpOBERYT THIATEIFHOE PACCMOTPEHAE HMEFOIIHUXCS
IpEeAJIOXEeH i 0 OYHUCTKE 30HBI OTIYKACHHS C HCIOIF30BaHAEM BOCCTAHOBICHHS IIPH IOMOINH
PacTHETENHHOCTH B Mpeobpa3oBaHud OXOMAcCH! B SHEPTHIO H BEIHECYT PEKOMEHIANNH B
OTHOIIEHMY HauboJee KA3HECHOCOOGHOTr0 HOAX0a B CIEAYIONMHX JeHCTBYM, BKIFOUas BapHAHTE
(buHAHCHPOBAHMSL

J-p Teppn JIam, AupeKTop Ho aToMHOM 3HepreTuke Oduca SAepHON SHEPreTHKHA, HAYKA |
texuonoruy Munncrepersa Snepreruxu CIIIA, 3aTpeboBai, 9T065 MaTeprasl cEMAHapa ObUTH
OBICTPO MOATOTOBIEHE! H PACIPOCTPAHEHE! C TEM, 9TO0BI He IPACYTCTBOBAaBIINE HA HEM
HCCIICIOBATENH CMOTJIH IPOBECTH UX PACCMOTPEHHE H CHAENATh CBOH KOMMEHTAPHH, a
3aMHTEPECOBaHHBIC CTPAHEI CMOIYIH OBITh 03HAKOMIJICHE] C JAHHFIMH M IIpEIaracMoi paboTo.
B nononsenue K 3TOMY OH HPeZJIOKIIL, IT00E! GBUT CO3AAH «OPraHH3ANFOHHEL] KOMATET»,
H3JI0’KE€H Habop oOmuX ¥ ACTAIM3HPOBAHHEIX 3afad, OOPEZEIeHE NOTPeOHOCTH B HAyIHO-




MATEPHAJIEI YEPHOBELILCKOT'O CEMHHAPA HO BOCCTAHOBJIEHHIO ITIPH HOMOIHY PACTUTEJIBHOCTH H IPEOBPA30BAHHIO
BHOMACCH! B SHEPTHIO

HCCIEN0BATENHCKAX H paspaGoTaeckux paboTax, ompezenes Harbonee obemarommyit IyTs
HPOZBIDKEHAS B IPOBEeHA IKoHOMIYecKast onerka. OH f00aBrmi, 910 HECMOTPS Ha TO, ITO
VkpawHa HeCeT BEICOKHE 3aTpaTsl Ha UepHOOEUIS, 06IIast CyMmMa CPEACTB, IMCIOIIAXCS B
Hanpaw® i pabot B UepHOOHUIE, HIDKEe HEOOXOTAMOH Ha MX HPOBENCHHE, B JJIT KPYIHEIX
IIPOEKTOB He0OX0UMO YCTaHOBHTE X HPHOPHTETHL.

Bpaitar Kacremms, DAS/EE, cornacmics ¢ TeM, 970 MaTepHaibl IPEACTaBAT BAXXHOCTh, K
06aBHdy, IT0 HEOGX0MEMO IPHHESATH BO BEUMAaHRE pa3paboTKy MOAEIICH Iis IpeiCKa3aHus
BIIHSHAS BXHEIX IIapaMETPOB; K IPAMEDY, KakoB 6yaeT 2ddheKT ceppe3HOro JISCHOTO IoXapa B
3ore Otayxneana? Byner nIpecTaBisaTh HETEPEC TakKe B NEPCICKTHBA JalbHEHIIEro
Pa3BHTHA Ziell ¢ H30aBIeHAeM OT He PaliONOTHIECKAX 3arpsI3HEHMH.
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Overview of the Radioecological Conditien of the Chornobyl Exclusion Zone
as a Project Site

A. Arkhipovl, O. Bondarenko?, V. Derevets®, N. Kuchma’, G. Lobach*

1Chomobyl Scientific Technical Center of International Studies, Chornobyl
Institute of Radiation Safety, Kiev

3Government Enterprise RADEK, Chornobyl

“Government Enterprise Tekhnocenter, Chornobyl

The Chornobyl Exclusion Zone (CEZ) and the Mandatory Depopulation Zone is a humid,
moderately warm zone and terms of forest type, is classified as a pine—broadleaf forested zone
with soddy podzolic and sandy loam soil types. The overall surface area of the Chornobyl zone
is more than 2,000 km?, of which one third is represented by former agricultural lands and 50%,
by forest land.

UDK RADEK—a large-scale system of observation, acquisition, and analysis of primary
radiological information on surface layers of the atmosphere, soils, and surface waters, ground
conditions and dosimetry—was established to monitor and control the radioecological situation.
Together with the radiological and dosimetry service, the Chornobyl Scientific and Technical
Center of International Studies has for many years conducted major comprehensive radiological
studies in the Exclusion Zone.

The physical and chemical features of the releases of radioactive material, the duration of these
releases, and climatic factors have caused the formation of the complex character of
contamination of the Zone: micro- and macro-mosaic quality, stratification, patchwork character,
and the varying ratio of fuel and condensation forms of radioactive fall-out.

The radloecologlcal situation in the Chornobyl Nuclear Power Plant Exclusion Zone at the
present time is defined by long-hfe radionuclides *’Cs, *Sr and transuranic element. No less
than 90% of radioactivity remains in the upper 0-5 cm layer of the soil. According to soil
profile, Gr is distributed more rapidly throughout the territory under study than is Cs™’. The
content of mobile forms of *°Sr in the soils constitutes 50-90% of the total stock. There is a
notable tendency toward an increase in the percentage of mobile forms with depth. The content
of mobile forms of *°Sr in underground waters and in vegetation for the 12 years grew
nonlinearly from 10-14% in 1986-1987 to 60-90% in 1997. ‘

Radioactive contamination of the fauna (grasses, timber, pine needles, and leaves) is defined by
the direct contamination of the territory and by conversion factors. Conversion factors in turn
depend on the physical and chemical properties of radioactive fall-out, the chemical properties of
the radionuclide itself, the soil and agrochemical and landscape conditions of the growth and on
the blologlcal features of the ve%etatlon For grasses, the conversion factors vary in the range of
0.9-50 for *’Cs and 10-100 for °Cs. The lower range of values is observed in timber.

A certain share of stocks of radionuclides in the territory of the Exclusion Zone is involved in the
biological cycles, being stored in the vegetative biomass. Removing this biomass from the
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medium, one can thereby break the radioactivity-soil chain and, as a result, facilitate the
lowering of the effective period of the partially cleared medium. The ensuing problem of the
reclamation of the radioactively contaminated vegetative biomass may be resolved within the
project under discussion.

An analysis of data on the stocks of biomass as a potential source of energy reserves shows that
the actual stocks of biomass of timber on the average are higher by an order of one than other
biological components. The stock of the biomass of grasses is roughly equal to the stock of pine
needles (timber 73.4 tons per hectare, needles 6.6 tons per hectare, and grass 4.0 tons per
hectare). It should be borne in mind that an estimate of stocks of biomass and radioactivity of
roots systems is not performed, although their contribution to the total stock is significant (54.3
tons per hectare). In practical terms, this biomass stock can not be used in the actual conditions
of the zone, since the effort expended in assimilation will substantially exceed the possible gain.
In addition, the disposition of root systems in highly contaminated surface layers of the soil lead
both to an increased share of irradiation of personnel during production and to additional
contamination of equipment.

The total stock of radioactivity (9°Sr +17Cs) in grasses and timber in the Exclusion Zone
constitutes 3.3 and 166.8 TBq, respectively. Lower stocks of biomass, and consequently, of
radionuclides in grassy unwooded territories, do not reduce the role of grasses in the production

of energy and in phytodecontamination with the application of specialized technologies.

Thus:

The reclamation in the fuel-energy cycle of radioactively contaminated vegetative biomass,
produced within the Exclusion Zone breaks the biological cycle of radionuclides and, thereby,
facilitates a lowering of the effective period of the partially cleared medium.

Calculations indicate that the forest scenario for the use of territory in the Exclusion Zone is
more promising both in light of the absence of production of grasses and since the time for
obtaining final product amounts to 50 - 80 years (which saves on personnel dose loads).

The amount of the yearly growth of timber and grass biomass is sufficient for obtaining energy
adequate to provide the energy demands of the complex of enterprises of the Exclusion Zone
considering the prospects for the start-up of new enterprises, in particular, the RAO Vector
radwaste reprocessing and final disposition enterprise.

Thus, the comprehensive estimate of stocks of the Exclusion Zone provide a basis to consider the
feasibility of the project, while the intensification of administrative activities within the
framework of the project will ensure the economic and social rehabilitation of the Exclusion
Zone, which will precede and facilitate the acceleration of radioecological rehabilitation.
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O0630p paxMo3K0JI0TAIECKOr0 COCTOSHAS YepHOObLILCKOMH
30851 0TIYKIEHAA KAK MECTA BHIIOIHEHHAS HPOEKTa

A. Apxpmonl, O. Borpapenxo’, B. Ilepeser?, H. Kyama!, I Jlo6ag*

1) YepuoOruipckumii Haygno—Texamgeckwii IeHTP MEXAyHaPOAHEIX HCCICTOBAHMH, I.
Yeprobruts (YeUIIMI) _

2) WBCTHTYT panualnuoHHOM 3anmTEL, I. Kue

3) TTI“PAJEK?”, r. UeproGsum

4) I'CII “TEXHOLIEHTP?”, r. YeprO6HUS

YepHOOBLUIECKAS 30HA OTIYKACHHS X 30Ha 6€3yCcIoBHOro (00:13aTeIbHOr0) OTCENCHAT
OTHOCHTCH K BIIQ)KHOM, YMEPEHHO TEINOU 30HE, ¥ B COOTBEICTBHHA C JIECO—THIOIIOTHICCKAM
pailoHEpOBaHHEM — K 30HE COCHOBO—IIHPOKOIHCTBEHHBIX JIECOB C AEPHOBO—IOA30HCTEIMH 1
JIETKMMH CyllecqaHHbIME nodBamMH. O6mas mwiomans TeppaTopad UepHOOBUIECKOH 30HEI
cocrasnseT Gonee 2000 kv, 3 KOTOPHIX TPETh IpeAcTaBiicHa ORBIIAME arpojiagamadTaMu,
50% - necHEIMH MacCHBaMH. : .

JIns KOHTpPOJIS ¥ YIIPaBJIeHH PagHEO3KOJOrHIecKod cHTyannel Oplia co3fana
ImmpoKoMacIITabHas CHCTeMa HabIFOAEeH S, cO0pa 1 aHaIN3a IEPBHIHOM PaIHOIOrAYECKOM
rrdopmarmy (YK — “PAJIOK™) o HpH3eMHBIX CIOSX aTMOCHEPH!, IPYHTOBBIX X
IOBEPXHOCTHBIX BOJIaX, HOUBO-TPYHTaX, fo3uMerpud. Hapsny ¢ ciryx60# pamaonoradecKoro u
JOSEMETPHEIECKOTO KOHTPOJ HA TEPPATOPHH 30HEI OTIYKIACHHSI MHOTOJIETHHE
nmpoxomacm'raGHLIe KOMILUIEKCHBIE PagAOIKOJIOTHYICCKHAC HCCICAOBAHNA OCYIICCTBILICT

YeHIMIL.

dusyugecKue U XAMHIECKHAE 0COOEHHEOCTH BEHIOPOIIEHHOI0 PaNHOAKTABHOIO MaTepAaa,
IIPONOJDKATENHHOCTE BEIOPOCOB, KIMMAaTHIeCKHe $aKTOpEI 06YCIOBHIH (YOPMHIPOBAHAE
CIIOXKHOYO XapaxkTepa 3arpa3HeHAA 30HEI: MEKPO— H Makpo — MO3aH4HOCTh, CTPYHHOCTE,
MATHUCTOCTD, Pa3iIHOe COOTHOMICHUE TOIUIMBHON 1 KOHACHCAMOHHOH (OPM PalHOaKTHBHEIX
BEIIAJCHAN. :

i

Panmosxonormaeckas odcTanoBka B 30He oTayxaeHns YADC B HacTOsIEe BpeMs ONPEeENIeTCs
HONTOXKUBYIEMHE PaTHOHYKIHIaMe ' Cs, *°Sr, TY3. He meree 90% akTHBHOCTH OpONOIDKAET
HaXOmUTECA B BepxHeM 0 — 5 cM c10€ mOUBEL Sr° o mpOG IO TOTIBEE IO BCeM 06 CIIEIOBAHHEM
TEPPUTOPHUSM pacipocTpassercs 60Jee GBICTPEIME TEMIIaMH II0 CPABHEHHIO C cs™.
Coneprxanue MOOMIBHEIX hopM Sr*" B mogsax cocrasnser 50 — 90 % cymmapHOro 3anaca.
O1MegaeTcd TeHACHIHEA poCcTa JOJIM MOABHXKHEIX (opM ¢ riryomrHOoi. ConepkaHue HOABHKHEIX
dopM Sr° B MOI3EMHEEIX BOAX B PACTHTENLHOCTH 3a 12 JleT HenuseiHo Bospacrai ¢ 10— 14 % B
198687 rr. To 60 — 90 % B 1997 roxny. "

PajgmoakTHBHOE 3arpsA3HEHHE PACTATENHFHON MPOXYKIHH (TPABOCTOH, IPEBECHHA, XBOS U JIECTHS)
OIIpefeNIIeTCs HEIIOCPEICTBEHHO 3arps3HeHHEM TEPPUTOPHH B K03G(QHIHEHTaMH Iepexosia
(KID). KII B cBOIO OYepenp 3aBUCAT OT (PH3AKO—~XUMUIECKHX CBOMCTE PafHOaKTHBHEIX
BBIIaJICHIH, XAMIIECKAX CBOMCTB COOCTBEHHO PafHOHYKIIAAA, HOYBEHHO—-arPOXAMHUYECKHX H
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BUOMACCHI B SGHEPTHIO

nanmadTHEIX YCIOBHIL MECTa HPOA3pacTanys i Omororadeckax ocoberHocTel pacTenuit. K
IS TPABSHECTOM pacTATENHHOCTH KonebimoTes B mpeaenax 0,9 — 50 mo B7Cs 1 10— 100 mo
90Sr. MeHbmmit pasMax 3HAYCHEH HAGIONACTCS ML NPEBECHHEL

OmnpezeneHHas 9acTh 3alacoB PaNAOHYKIHAOB Ha TEPPHTOPHH 30HEI OTIYKICHHS BOBICUCHA B
OGHOJIOTHYECKHE MUKIIEY, aKKYMYJIAPYSCE B COCTaBe PaCTRTENBHON OMOMAcCHL. Y fajid 3Ty
6roMaccy 3 Cpelbl, MOXKHO TeM CaMEIM Pa3opBaTh 3BEHO 00paTHOrO MOCTYILICHHS
PaIHOaKTHBHOCTH B IIOYBY H, KaK CIEICTBHE, CIIOCOGCTBOBATE COKpAEHHIO 3 HEKTHBHOTO
Heproa IOy OIHINEHHs cpebl. BosHuKaromas mpy 5TOM IpobieMa yTHIIH3aay
PaIHOAKTHBHO 3arps3HEHHOM PaCTHTENBHON OHOMaCcCE! MOXET OFITE pEllleHa B paMKax
obcyxmasmerocs IIpoexra. '

Amnanns JaHHBIX 110 3anmacaM OHOMAacCCHI KaK OTOTCHIMHAAIBFHOTO HCTOYHHKA SHECPI'CTHICCKHX
PECYPCOB OKa3HIBAET, YTO peallbHBIe 3aackl GHOMAacChl JPEBECHHEI B CPEIHEM Ha MOPAIOK
BBIIIE, YEM APYTHX OHONOTAIECKAX KOMIIOHEHTOB. 3anac 6HOMacChl TPABOCTOSL
IpHOTH3ATENHFHO PABEH 3allacaM XBOH JIECHBIX HacakneHui (mpesecrHa 73.4 1/ra, xBog 6.6 T/ra,
Tpasoctoi 4.0 T/ra). Ciexyer oOpaTHTh BHIMAaHHE Ha TO, YTO HE IPOBOJKTCS ONECHKA 3aIMacoB
6moMacCHl ¥ aKTHBHOCTH KOPHEBEIX CHCTEM, XOTS HX BKJIAX 3anac 3HagntelneH (54.3 1/ra).
ITpakTrdgeckn 3TOT 6HOpeCypC HE MOXKET OBITH HCIOB30BaH B PEANBHEIX YCIOBHSIX: 30HEL,
HDOCKOJNBKY TPY/XO03aTPaThl Ha €r0 OCBOEHHE OYAYT CYINECTBEHHO IPEBENNATH BO3MOXKHYIO
npr6sUIs. KpoMe TOro pa3sMemeHHe KOPHEBEIX CHCTEM B BEICOKO 3arPA3HEHHOM MOBEPXHOCTHOM
CNIOE TIOYBHI HPHBEZET Kak K YBEIMICHMIO IO3EI O0IydeHNs IepCOnana IPH HPOU3BOJCTEE, TaK
JOMOHUTENFHOMY 3arps3HEHHIO 000pyIoBaHws. 32 rpaHUIaMy PaqHOaKTHBHO 3arpA3HEHHEIX
TEPPHTOPHI B PEANBHEIX YCIIOBHIX COBPEMEHHOTO IPOM3BOACTBA KOPHH AEPEBBEB IPAKTHIECKH
HE ACHONB3YIOTCH.

CyMMapHETA 3a11ac akTHBHOCTH (®°Sr + *"Cs) B TpaBocTOE M APEBECHOM PACTHTEIHLHOCTH 30HET
OTHYXIEHHS COCTaBIseT 3,3 H 166,8 TBK, cooTBeTCTBEHHO. HU3KHE 3aIack! 6momaccsl, B

COOTBETCTBCHHO PaTHOHYKIIHAIOB B TPABOCTOC HE3AICCEHHBIX TCppHTOpI/IfI, HE CHYKAIOT POJIb
TPaBOCTOS IIPH IIPOA3BOACTBE SHEPIHH U NpH GUTONE3aKTHBAAH B CIyJae IPHEMEHEHUS
CIENHAAIA3APOBAHHEIX TEXHOJIOTHIH.

TaxmMm o0pazom:

VTHIH3aEs B TOIUIHBHOM—SHEPreTHIECKOM HHEKIIE PaAROaKTHBHO 3arPA3HEHHOM PaCTHTEIHLHOR
OHEOMAaCCHl, IPORYOHEPYEMOi TeppATOpHEH 30HEI OTIYXKICHHS, 0OecIedrBaeT paspsiB
OHOJIOTHYECKOTO IHKNIa PATHOHYKIHAOB H, TEM CaMbIM, CIOCOOCTBYET COKPaICHHIO

3¢ PeKTHBHOTO HepHOIa TOIyOIMINCHA CPEHBL.

Pacuers! mOKa3EIBAlOT, 9TO JIECHOM CHEHAPHil HCHONE30BAHMS TEPPUTOPUY 30HE! OTIYKIECHHU
6oJiee HepCIeKTHBHEIA KaK B BUAY OTCYTCTBHSI HPOH3BOACTBA TOBApHOH MPOXYKIHH, TaK H B
BHJIy IIEPEHECEHHU I CPOKOB HOIy4deHH Kogedro# npoxyxmud Ha 50 — 80 net (410 3KOHOMUT
JI030BbIC HArpy3K® Ha IEPCOHAI).

. KonmgecTBO €XEerogHOro NIpHpoCcTa APEBECHOH B TPaBIHHUCTOH OHOMAcCHl JOCTATOYHO IS
TIOJIy9eHAS SHEPIHH, JOCTATOIHOH! U1t ofecHedeHns SHEPreTHIECKHX MOTpeOHOCTeH KOMILIEKCa
TIpeIpASTHE 30HE OTIYKICHAS C YJETOM HEPCHEKTABEI BBOAA B SKCILTYaTaHIO HOBEIX




MATEPHAJIB! YEPHOEBLIHECKOrO CEMHHAPA 110 BOCCTAHOBJIEHHIO ITPH IIOMOIITH PACTHTEJIEHOCTH M IIPEOSPA30BAHHIO
BHOMACCEI B 3HEPTHIO

MIPENpHATHH, B YaCTHOCTH, 10 Iepepabortke u 3axopoHeHHI0 PAO (“Bexrop™).

Taxim 06pa3oM, KOMITIEKCHAS ONIEHKa PECYPCOB 30HEI OTIYXKIECHHS JAeT OCHOBAHHUE CINTATD
BO3MOXXHEIM peajmsanuro [Ipoexra, a HATeHCHGAKANMS X03AHCTBEHHOM JeSTEFHOCTH B PaMKax
ITpoekra obecmeunT 3KOHOMAYECKYIO H CONUANBHYIO PeabuuTanuio 30HE OTIY K ICHHS,
KoTOpas 6yJeT IpeecCTBOBATh M CIHOCOGCTBOBATE YCKOPEHHIO €€ PaJHOSKOIOTHIECKOM
peabmmranuy. '
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Phytoremediation

Gerald A. Tuskan
Oak Ridge National Laboratory

Ten presentations addressing topics related to phytoremediation were presented on February 23,
1998, at the Chornobyl Phytoremediation and Biomass Energy Conversion Workshop.
Experiences with various plant systems used in various contaminated environments were
elaborated upon during each presentation. In summary, phytoremediation encompasses
phytoextraction, phytostabilization, rhizofiltration, and the use of biobarriers. The decision to
employ phytoremediation techniques for the cleanup of radiocontaminated soils must be
evaluated in terms of expected ecological outcomes as well as expected economic costs and
benefits. Phytoremediation systems are currently commercially available. Such systems have
been successfully deployed to clean up lead- and uranium-contaminated sites. Similarly,
preliminary tests of phytoremediation systems have been established in highly contaminated
areas within the Chornobyl Exclusion Zone (CEZ). From a phytoextraction perspective, uptake
of cesium has been limited; preliminary results are more encouraging for strontium.
Nevertheless, several alternative approaches involving improved clonal planting stock and
optimized silvicultural manipulations were recommended as a means of enhancing the
phytoextraction transfer factor. It was recognized that the CEZ offers multiple opportunities to
deploy phytoremediation systems successfully. Some of these opportunities will involve
intensive efforts (e.g., phytoextraction and rhizofiltration), others will involve more passive
efforts (e.g., phytostabilization and biobarriers), and still others will merit no action. There was
general agreement that efforts in the CEZ must be inclusive and integrated, involving Ukrainian
scientists, U.S. scientists in both the public and private sector, and others. The first step will be to
define objectives for each contaminant and for each area within the zone. The next step will
implement and evaluate the various recommended options. This step will require several years (3
to 5 years) to complete. Some time in the future, the “best” options will be deployed (5+ years).
Under this outline, phytoremediation-generated feedstocks will not supply 100% of the fuel
requirements of a 50-MW generating station in the first 5 years, though ultimately such
feedstock could easily, singly support a 50-MW generating station. In closing, it was felt that
phytoremediation, in the broadest context, is a low risk technology that can be deployed today
under high probability of success. ' :






MATEPHANEY YEPHOFBLILCKOI'O CEMUHAPA YI0 BOCCTAHORBJIEHUEO ITPH TIOMOIY PACTATEJLEBOCTH ¥ ITIPEOFPA30BAHUIO
BAOMACCEHI B 9HEPTHIO

Boccranosienue IIpHA DTOMOIIH PACTHTC/IILHOCTH ‘

KPATKOE U3JIOKEHHE ¥ BEIBOJBI

HMxepanbn A. Tyckan
Oxpumxckas Hanvonaneras Jlaboparopus

23 despains 1998 ropa Ha YepHOOBLIECKOM CEMHMHAPE MO BOCCTAHOBIIECHMIO P ITOMOIIH
PaCTHTEeNBHOCTH H Ipeobpa3oBaHuio OHOMAacChl B SHEPTHIO OBLIO CAENAHO AECATH JOKIALOB,
KOTOpbIe 0OpaInaiich K TeMaM, OTHOCSINUMCS K BOCCTAHOBJIEHHIO IPH IIOMOIIK
pacTHTENbHOCTH. BO BpeMst KaXXOro U3 HOKIaNoB 0OCYXAaCs ONBIT C Pa3HBIME
PaCTHUTENbHBIMY CHCTEMaMH, IPHMEHSBIINMUCS B YCIOBHAX Pa3iHIHOIO 3arpsa3HeHns. Mznaras
CYMMapHO, BOCCTaHOBJICHHE ITPH HOMOIIY PAaCTHTEILHOCTH 32KII09AeTCS B (DUTOSKCTPAKIHUH,
durocrabunmzamuy, pr3odIETPAlY ¥ MpuMeHeHuH Suonorndeckux 6aprepoB. Pemenne 06
HCIIOJIb30BAHHY TEXHWYECKUX IPHEMOB BOCCTAHOBJICHUS! IIPY IIOMOIIM PACTUTEILHOCTH JUIS
OYMCTKH [IOYB C PafHOaKTHBHBIM 3arpsA3HEHUEM NOJDKHO IIPHHHMATECS, OCHOBBIBAsICh Ha
OXXKMJAEMBIX SKOJIOTHUYECKHX PE3YbTaTaX, a TAkoke TIPHHUMAs BO BHHMAaHNE OKUAaeMBbie
3aTpPaThl X BHITOABI 3KOHOMIYECKOI'O Xapakrepa. B HacTosImee BpeMst HMEIOTCS B HAIWYHH
KOMMepYeCKH IOCTYIIHBIE CHCTEME] AJI1 BOCCTaHOBICHHS IIPH NOMOINY PaCTHTEIIbHOCTH.
CucTeM! TaKOrO poia YCTIEMHO NPHMEHSUIUCH JUIS OYMCTKE MECT CO CBHHIIOBEIM M YPaHOBEIM
sarpszaenneM. IIofo6HEM sxe 06pazoM GeLIH IPOBENEHb! PENBAPHTEIBHEIS HCIIBITAHIS CHCTEM
II0 BOCCTAHOBJICHUIO MIPY IIOMOINM PACTUTENBHOCTY B MECTAX C BLICOKHUM YPOBHEM 3arpsi3HEHUS
B nipepenax Yeprobrumsckoil 3oHe! oTayxaenus. C Touky 3penus QUTOIKCTPAKIMH
TIOrNIOINEHHE Le3ust ObLIO OrpaHIIEeHHBIM; IPEABAPUTENbHbIE PE3YNLTATHI [0 CTPOHLIHIO
ABI0TCs Oonee obHapexuBaromuMy. HecMOTDs Ha 3T0, B Ka9eCTBe COCO00B YTy dmeHHs
crerneH: (PUTOSKCTPAKITHH BbUIH PEKOMEHIOBAHE] HECKOJIBKO ANbTEPHATHBHEIX TIOIXONOB C
HCIIONB30BAHKEM YTy IIEHHBIX KIIOHHPOBaHHBIX BUAOB PaCTUTEILHOCTH M ONTHMH3HPOBAHHBIX
METOZOB BEHEHUs JIECHOTO X035iicTBa. BhuIo mpu3HaHo, yro YepHoObuIbCKas 30Ha OTUYKAESHHS
IpEeOCTaBIsIET MHOXKECTBO BO3MOXKHOCTEH YCIICINHOTO IPUMEHEHHSI CCTEM BOCCTaHOBJICHI
TpY OMOIIY PacTHTEbHOCTY. FHleKOTOphIe K3 3THX BO3MOXHOCTEH NOTPEOYIOT HHTEHCHBHBIX
ycunuii (Hanpumep, GUTOIKCTPAKIKS U pu3ohuIbTpanus), Apyrie 6yRyT BKIFOYaTh paboTE!

" Gornee macCUBHOroO xapakrepa (Hampumep, Gurocrabmmisamnyst 1 Guosornaeckue 6apbepsl), a
OyayT elne u Te, KOTOPEIE He MOTPEOYIOT HUKAKKX AeicTBHM. BpIIO FocTurHyTo 0Omee
COTJIaIeHKe O TOM, 4TO paboTs! B HepHoOBLIECKOI 30HE OTUY/IEHN HOIDKHEL BECTHCH Ha
COBMECTHOIf OCHOBE C IIPUBJICUCHHEM YKDPaWHCKIX YUCHBIX, aMEPHKAHCKUX YIEHBIX KaK 13
rOCYapCTBEHHOrO, TaK M M3 YaCTHOTO CEKTOPa, ¥ APYrHX. IIepBEIM aroM CTaHET ONpeneIeHne
3a0ad [0 KaKAOMY ¥3 3arpsA3HSIOMUX BEIECTB M UL KaXKIOro y4acTka B Ipefenax 308561 Ha
cnexyromen mare OyAeT NpOBENeHA Peai3alysl i OLEHKA PasINIHbIX PEKOMEHIOBAHHBIX
BapHaHTOB. DTOT Iar norpebyer HeCkombKuX JeT (0T 3 A0 S JIeT) ANs CBOEro 3aBepmeHys. B
Kaxkoe-TO BpeMs B OyzymeM OyayT MpUMeHEeHb! «HaWIyImue» BapuanTs! (5+ ner). CornacHo

~ TakoM XOZy coObITHIi CO3/1aBa€MOr0 BOCCTAHOBICHHUEM IIPH MIOMOIIH PAaCTUTENBHOCTH TOILINBA

Ha NIPOTSDKEHNH NepBBIX 5 JieT 6yaeT HepocTaTowHo A obecnederus 100% notpebHocTeii B

HeM Juis BeIpabarteiBarorieii S0 MBT craHIumy, OZHAKO MOCTENEHHO NOydaeMoe TakiuM 00pasoM

TOILIHBO CMOKET C JIETKOCTBIO, caMo 1o cebe obecnieunTs BhipabaTriBatomnyio SO MBT cTaHImIo.

B 3aKITIOYEHNH, CO3JANIOCH OLIyIEHNe, YTO BOCCTAHOBJIEHHE [IPH OMOIH PACTUTENEHOCTH, B

IIHPOKOM KOHTEKCTe, NpeAcTaBirsieT coboit 0bianaomyro HU3KHM PHCKOM TEXHOJIOTHIO,

KOTOpas MOXKeT ObITh NPUMEHEHa CErOAHS C BBICOKOI BEPOSTHOCTHIO YCIIeXa.
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T T T SUMMARY AND CONGLUSIONS -~

Biofuel

Alexander Grebenkov
Institute of Power Engineering Problems, Belarus

According to the project strategy, the biomass-to-energy technologies are supposed to be the
largest consumer of woody matter and phytomass arising during Exclusion Zone remediation.
Regardless of technologies proposed for biomass-to-energy conversion, the biofuel
characterization and biofuel supply parameters must be precisely evaluated. Therefore, the
project should include, as one of the most principal stages, the feasibility study addressing the
following issues: '

" e Evaluation of the identified biomass fuel resources along with the area of their production,
o Assessment of reliability and sustainability of biomass resources for a long term,

e Evaluation of necessary infrastructure,

e Biomass characterization as a fuel component,

e Cost evaluation.

Evaluation of Biofuel Resources and the Relevant Area of Culture

Woody Biomass '

The forest in the Exclusion Zone plays an extremely important role as a natural barrier against
contamination extension along with soil-erosion protection. Therefore, the practice of forestry
should address mainly this issue. Forest health depends very much on an appropriate strategy of
felling, reforestation, and conditions of biodiversity. Different types of felling must be applied,
aiming at maintenance of optimal wood stand density, fire prevention, appropriate sanitary
conditions, etc. Age class should be defined as for final harvest with a goal to provide optimal
biomass volume per hectare. Radioactive litter and duff also could be a source of fuel, but in the
case of the Exclusion Zone (soil type is mostly sandy; the average thickness of the soil organic
layer is 7 cm), their removal must be exceptional; otherwise, it will provoke soil erosion and
washing off with intensive radioactivity migration. All woody matter arising from different types
of felling, including debris, are to be directed to biomass conversion processes.

To evaluate the biomassﬂavailable for conversion, the following questions should be answered:
o Area in total and per tree species,

; Tree species distribution,

e Area per age class and tree épecies,

e Planted area and area of natural forest,

11
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e Number of trees planted per hectare, distance in row and between rows,
e Dimensions of the trees, DBH (diameter at breast height), height, average volume per tree,
e Number of stems per hectare as dependent on age classes and tree species,
e Volume per hectare of stemwoed and additional biomass,
e Thickness of humus layer, depending on age class, tree species, and soil type,

e Annual amount of wood harvested divided into tree species and assortments,

e Reforestation plan, total area of forest nurseries, and their annual productivity,

o Radiological parameters for biomass and soil.
Phytomass

There is a big area of grassland, willows, former pastures, and arable land in the Exclusion Zone
that has no economic value today. Due to the level of contamination, this area cannot be used for
normal agricultural practice formerly applied for food production. These lands are to be
gradually involved in growing new cultures, allowing restoration of the fertility of the soil and
making them proﬁtable The most attractive option could be phytoremediation and fast
restoration coppice technologies that can provide additional biofuel along with certain removal
of source terms from contaminated soil.

To evaluate the phytomass volume generated from this proposed option, the following questions
should be answered: :

e What is the area planned to be involved in the application of phytoremediation and fast
rotation coppice technologies?

e What crop species and coppice varieties are suitable for 1dentlﬁed soil type and cond1t10n of
growth?

e What is the vegetative period?

e What is the yield of phytomass for each culture?

e What are the radiological parameters of phytomass and soil?
Reliability and Sustainability of Resources

The reliable and sustainable biofuel supplies are the most important issues for biomass-to-energy
conversion of commercial scale. The principal parameters like time and volume of harvest must
be specified to compile the precise schedule of delivery. The mid-growing season data and long-
term prognosis of biomass growth must be evaluated on a basis of correlation between yield and
climatic parameters (temperature, precipitation, sun hours/irradiance, number of days with frozen
soil, etc.). Reliability of biofuel resources is defined also by reliability and productivity of the
relevant techniques to operate plantation and harvest.

12
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Evaluation of Necessary Infrastructure

The feasibility of biomass conversion depends to a great extent on infrastructure that is to
provide sustainable delivery of biofuel of appropriate quality and volume to provide sufficient
fuel for the biomass-fired facility. For instance, a power generation facility of 50 Mwe requires a
wood-chips transport tuck with a loading capacity of 80 m® to arrive at the power plant every 2
minutes. Therefore, the following components must be evaluated and installed:

e A transport means of high loading capacity of approi)riate number both for terrain and road
transportation (does not exist).

o Well-developed road network with appropriate bearing capacity. Terrain description (slopes
and obstacles) has to be provided.

o Fuel-preparation techniques that include chippers of different sizes, pre-dryers, transport
conveyors, etc.

e Fuel storage of appropriate size (normally occupies an area of 5 miles; as much as the area

for the boiler).
o The appropriate physical protection components.

Biomass Characterization as a Fuel Component

Biofuel has to be characterized to fit the optimal-combustion process, to evaluate the chemistry
of deposits of mineral components on boiler walls and heat exchanger, and to define appropriate
radionuclide release control and ash removal/handling systems. The fuel characterization
normally includes the following analyses: ‘

e Moisture content,

. Ultimate analysis,

e Proximate analysis,

e Ash chemistry,

e Chemical fractionation,

e Forms of sulfur,

e Heating value and fusion temperature analyses,
o Radionuclides content and their forms.

Cost Evaluation

'Economic data on hardware related to biofuel supply along with the relevant manpower has to be
provided for economical evaluation of the proposed project.

13






MATEPHAJE! YEPHOBBLUIECKOTI'O CEMHHAPA TI0 BOCCTAHOBJIEHHIO IIPH IIOMOIH PACTHTEILHOCTH H IIPEOEPA3OBAHFTIO
’ BHYOMACCEI B SHEPTHIO

BuoTomwmso
KPATKOE M3JIOKEHVIE A BRIBOAEI

Anexcanpp I'peberpkoB
Uncruryr DHeprermdaeckux IIpobnem, Benapyce

CornacHo CTpaTersy MpoeKTa MpeoNaraeTcs, YTo TEXHONOrHY Hpeobpa3opanus 6noMacch B
sHepruro 6yayT nmorpedbiarh Haubonee KpymHele 06bEMEI APEBECHOTO MaTepHaia i GHTOMACCEL,
oGpazymmuxcn 110 XOAY BOCCTaHOBJICHUA IIPH NNOMOINY PACTUTCIIBHOCTH 3aIPET. HO# 30HBL.-
HeszaBuCHMO OT TEXHOJOTHIA, NpEUIaraeMbIX Ais peodpasoBaHust GHOMACCH B SHEPTHIO,
JIOJBKHA GBITh IPOBEEHA TOYHas OLIEHKa CBOHCTB ¥ apaMeTpoB NOJy4aeMoro GHoTommBa.
ITosTOMY IPOEKT HOJDKEH BKIFOYATh B KATECTBE OFXHOTO U3 IMIABHEHIIIX 3TANOB TEXHHKO-
3KOHOMHYECKOE 0O0CHOBaHHUE, 0OPAINAIOINEECs K aHAIN3Y CIEYIOIIIX BOIPOCOB:

e OreHKe 3ar1aCcoB BHIIBJIECHHBIX 3alIaCOB NpecTaBisroeli coboii Tommeo 6roMacch! B
npexenax ob6JacTy ee IPOU3BOACTBA

e Onenke HaEXKXHOCTH 33M1aCOB OMOMACCEI ¥ €e CIIOCOOHOCTH K CaMOBO30OHOBIICHHIO Ha
TIIPOTSLKCHUH JIIHTEIIBHOIO BDEMEHH )

" o QOuenxe HeoOXOAUMOIl HHPPACTPYKTYPhI

e Onpenenenuy cBOHCTB 6MOMACCH B KAYECTBE TOILIMBHOTO KOMIOHEHTA

e OneHke CTOUMOCTH. |

Ouenka 3anacoB OHOTOILINBA ¥ COOTBETCTBYIONIEH 00J2CTH BO3AEIbIBAHHS
Jpesecnan buomacca

Jlec B 3anpeTHOI 30He HapsAy C 3aMKWTON NPOTHB SPO3HH HOYBLI HTPAET UPE3BHIYANHO BAKHYIO
POJIb IPHPOXHOro OGaprepa, CASPKUBAIOIIETO PACHPOCTPaHEHHE 3arps3HeHIs. I103ToMy BeneHHE
JIECHOTO XO035{iCTBa OIDKHO IMIaBHEIM 00pa3soM 3aHUMATECS 3THM BonpocoM. Brarononyave
JIECOB OYEHBb BO MHOT'OM 3aBHCHT OT COOTBETCTBYIOINEH CTPaTeruu BEIPYOKH,
JIECOBOCTIPOM3BOACTBA M COCTOSAHMS OHONOTHYECKOr0 pasHoobpasus. JIOIKHEl IPUMEHATECA
Pa3HBIE THIIbLI BI:IpyGKH, HaIpaBJICHHEIC Ha ITOONCPXXaHHIC OIITHMAILHOH TYCTOTEI HEPEBLEB,
NIPEAOTBpALIEHHE TIOXKAPOB, COOTBETCTBYIOINEI0 CAHUTAPHOTO COCTOSHMA U 1Ip. st pyOxu
IJIABHOTO IIOJIE30BAHMS HOJDKEH ONPENENATHCS BO3PACTHOH Kitace ¢ Hefbio obecnedeHus
ONTHMAJILHOTO 0ObemMa OHOMAacCh! Ha rexrap. PagnoakTuBHas JIECHAs NOACTIUIKA U JIECHOH
TIepEerHot Taxxke Moriy Obl 6BITh HCTOYHHKOM TOILIMBA, ONHAKO B CIyJae 3alpeTHOMH 30Hb! (THIl
T10YBHI B OCHOBHOM II€CUaHBbIi1; CpeIHAA TOMIIHA OPraHugecKoro CJI0s MOYBBI COCTABISIET 7 CM)
X YOaJICHHUC DOJDKHO 6BITH HCKIIFOYCHO; B HPOTHBHOM CJIy4ac 3TO BBISOBET 3DO3HIO NOYBHI H
BBHIMBIBaHME C HHTEHCUBHON MUTpalliell paAuoaKTUBHOCTH. Beck ApeBecHEI MaTepHall,
CO3aaBaeMblil B Pe3yBTaTe Pa3iIMYHBIX THIOB BRIPYOKH, BKIHOYAst MEIY, NOJDKEH HalpaBiaThCs
B IpoLecc peoGpa3oBaysa 61OMacChL.

C TeM, uTo6b! OLIeHNTH 006BEM GHOMACCHL, "MMEIOMEeHCst B HaWIHH Ui NpeobpasoBaHus,
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MATEPHAJILI YEPHOEBLLILCKOIO CEMHMHAPA 110 BOCCTAHORJIEHIIO ITPH IIOMOILH PACTHTEJIFHOCTH Y1 IIPEOEPASOBAHMIO
BHOMACCH! BOHEPTHIO

CJIeRyeT OTBETHTH Ha CIEAYIOMHE BOIIPOCHL
o KakoBa miomans TEppHTOPHE B LENOM K IIPOM3PACTAIOINye Ha Hell BUALI IEPEBLEB
e KakoBo pacnpezeneHye Ha Hell BHIOB NEPEBLEB

e KakoBO pacnpezeneHue TEPPUTOPHY 1O BO3PAaCTHOMY KJIACCy ZEPEBBEB U MX BHAAM

e Kakopa miomanp BHICAKEHHOrO JIECa U €CTECTBEHHBIX JIECOB

e KaxoBO 4HCIIO HEPEBBEB, BHICAKEHHBIX Ha IEKTap, PaCCTOSHHE MEXAY ACPEBBIMH B Dsifax U
PAacCTOsIHIE MEXIY PIAaMH

o KaxoBbI pasMeps! IEPEBBER, AUaMETpP Ha YPOBHE IPY/H, BEICOTA, CPENHHI 00BEM B iEpeBe

e KaxoBO 4HCJIO CTBOJIOB Ha eKTap B 3aBECHMOCTH OT BO3PAaCTHOTO KJlacca U IO BUAaM
ZIepeBBEB -

o Kaxos 06beM CTBONOBOI! IPEBECHHBI U HONOIHUTENBHOI 6HOMACChI Ha FeKTap

¢ KakoBa TOJIN¥HA IEPErHOs B 3aBUCUMOCTH OT BO3PACTHOTO KJiacca, IO BHAaM H
acCOPTUMEHTY IePEBLEB

e KakoB exeromusiit 00beM BeIpyOaeMoii ApeBecHHEL, pasAeIeHHBIH II0 BHAaM U
aCCOPTHMEHTaM JEepPEBLEB

e KaxoB mwiaH JIECOBOCIIPOU3BOLCTBA, 00MIast IIOMaAb PACCaMHUKOB ACPEBLEB U UX
©XEeroaHast NpOAYKTHBHOCTb :

¢ KakoBbl pafHONIOrHIECKIE [IapaMeTPEI GHOMaCcChI 1 OYBEL.
QDumomacca

B 3amnperHoii 30He CymeCTBYIOT OOJIbIIIe IIOMARH JIYTOB, MBOBBIX 3apocieii, ObIBIIMX ITacTOMI
4 TIaXOTHBIX 3€MeJIb, KOTOphIe Ha CErOAHA He IPEACTaBILIOT HIKAaKOH S3KOHOMMYECKOH
nesHocTy. Y3—3a ypOBHS 3arpsA3HEHNUS 5TH IUIOMIAAX HE MOTYT MCIIONB30BaThCS A
HOPMaJIbHO¥ CeJIbCKOXO35HCTBEHHOM ACATCIIbHOCTH, IIPUMEHABIICHCS HPEXKHE I
IIPOM3BOACTBRA MUINK. STH 3€MJIH HOJDKHBI IOCTEHECHHO NPHUBICKATECA K BEIPAIIMBAHUIO HOBBIX
KYJIBTYP, JAIOIIHX BO3MOXKHOCTh BOCCTAHOBUTS ILIOZOPOJHOCTD NMOYBEI ¥ ASNIAIOINIX HX
mpubruisHeME. Hanbosee npuBiiekaTeNnbHEIM BapHaHTOM MOTJIO ObI CTaTh BOCCTaHOBJICHHE TIPH
TIOMOIIY PACTHTENBHOCTH H TEXHOJIOTHH OBICTPOTO IOPOCIIEBOT0 BO30OHOBIIEHHS, KOTOPhIE
BMeCTe C Oe3yCIIOBHBIM YHaIeHHEM 3arps3HIOMIX IIOYBY BEITECTB MOIYT IPEHOCTaBUTh
JOMOJHHTENIEHOE OHOTOILIHEBO.

Jlist Toro, ¥ToOBI IPOU3BECTH OLIEHKY 00beMa GHOMACCEHL, CO3MaBaeMOro IIPH TaKOM
IpeaIaraeMoOM BapUaHTe, CleZlyeT OTBETHTD Ha CIEAYIOIIHE BOIPOCHL

e Kakopa TECPPUTOPIS, KOTOPYIO INIAHHPYETCA NPUBJICYD U1 NPHMCHEHHS BOCCTAHOBJICHHE
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MATEPHAJLI YRPHOEBLLIHECKOTO CEMIHAPA IT0 BOCCTAHOBJEHHIO IIPH HOMOIIY PACTATENEHOCTA Y IIPEOFPAROBAHMIO
BUOMACCEH] B OHEPTHIO

TP IIOMOINHM PACTUTENBHOCTH 1 TEXHOJOI Ml IOPOCHEBOro BO30OHOBIEHH ¢ OEICTPEIM
ceBoobopoTom?

o Kakue Bo3menbIBaeMble BUABI U pa3H006pa3m IIOpOCIH SIBJISIIOTCSI NOAXOMAIUMH A1
ONpeacnaeHHOro THIIa ITOYBL ¥ YCJIOBI/IH pocra?

¢ Kaxos nepuox Bereramm?

e KakoB ypoxxait OHOMAacCChI I KAKHOU KyNbTyphl?

e KakoBB!I pagHoONOru4eCcKye napaMeTpol (I)m*omaqcm U HOYBBbI?
HanexHocTh ¥ CAMOBO0300HOBISIEMOCTD 3211aCOB

HanexHOCTb H CaMOBO30OHOBIAEMOCTb 3aI1aCOB OHOTOILIMBA SBILTFOTCS Hanbonee BasKHEIMU
BOINpOCaMH 11 IpeoOpa3oBaHust OHOMACCH B TOILIMBO KOoMMepueckoro Macmraba. s
COCTaBJIEHK TOYHOTO rpadyika JOCTaBKY GHOTOILIMBA IOJDKHBI ObITh KOHKPETHO ONPEAENCHB]
TaKue NMPUHIUITHAILHO BajKHBIE NTIAPaMETPEL, Kak BpeMs i 00BeM cOopa yposkas 61oMacchL.
O6s13aTeNbHO HODKHA MPOBOAUTLCS OLIEHKA HAHHBIX CEPEAMHBI CE30HA POCTa H AOJITOCPOYHEIC
IPOTHO3bI Ha OCHOBE B3aUMOCBA3U MEXAY YPOXKaeM U KIMMAaTHIECKUMH NTapaMeTPaMHy
(TeMnepaTypoii, OcanKaMu, COJHEIHBIME JacaMH U M3JIy4EeHHeM, THCIIOM AHeH C 3aMOpO3KaMH
Ha [oYBe H T.71.). HamexsoCTh 3a11acos GHOTOILTHBA ONPEAENAETCS. TAIOKE HANEKHOCTHIO |
IIPOAYKTHBHOCTBI0 COOTBETCTBYIOMIMK IIPHEMOB SKCILIyaTalH IUTaHTAllH | cOopa ypoxKas.

Onenka Heo6x0AAMOL HHOPaCTPYKTYpHI

OcymecTBuMOCTb npeotpa3oBanust GHOMacChl B MHOTOM 3aBHCHT OT HH(PACTPYKTYPEL,

nperHa3sHAYeHHOH Ans obecnedeHys HelpepIBHOM AOCTaBKY OHOTOIIIMBA COOTBETCTBYIOMErO

KayecTBa ¥ B COOTBETCTBYIOIEM 0ObeMe [t 0becriedeH s JOCTATOIHOTO KOMMIECTBa TOIUIHBA
mist paboTaromero Ha cxaranuy 6uomace obnexra. K nmpumepy, 3EKTpOCTaHIHA MOIHOCTBE0

50 MBr Tpebyer, uToO5! Ha CTAHLHIO KAKIBIe 2 MUMHYTHI IPUOBIBAJ TPAHCIIOPTEP C IPY30M

. mpeBecHOi memns o6bemom 80 M. [To3ToMy momKHA GHITH HPOU3BENEHA OLICHKA ¥ YCTAHOBKA

CIIEAYIOIMX KOMIIOHEHTOB:

e COOTBETCTBYIOLIETO THCIA TPAHCHOPTHEIX CPEACTE GONBIION IPY30NOLbEMHOCTH IS
TPAHCIOPTHPOBKH IO GE3TOPOXKBIO U TI0 AOPOraM (He CYmECTBYET).

e XopoImo pa3sBUTOH CETH AOPOT, MPeIHA3HAYESHHbIX AT TPAHCIIOPTHBIX CPEXCTB
COOTBETCTBYIOINEH rPy30MoxbeMHOCTH. JIOIDKHO OBITH IPENOCTaBNIEHO OIMCAHNE
nangmadra (YKIOHOB ¥ NPENsITCTBUI).

o TexHUYECKUX CPEICTB MOATOTOBKH TOILUIHBA, KOTOPhIE BKIIOYAIOT APOOHIKE Pa3IIHBIX
Pa3MepoB IJisl ETbL, YCTPOICTBA NPEABAPUTENBHOM NPOCYINKY, TPAHCIIOPTHAIE KOHBEHEPH!
H 1p.

o XpaHwnma TOIUIMBA MOAXOAAIIEro pasMepa (OObIIHO 3aHUMAET ILIOMaNb B 5 MIIb, He

MeHee IUIOINaAy KOTJIoarperara).
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MATEPHAJIE! YEPHOBBLUIHECKOI'O CEMIHAPA 10 BOCCTAHOBJIEHHIO ITPF HIOMOIHA PACTATEJIFHOCTH X [IPEOFPA3OBAHMIO
BHOMACCHI B 9HEPTHIO

¢ COOTBETCTBYIOIIFX KOMIIOHEHTOB (DH3HUECKOIl 3aIMUTEL

CaoiicTBa GHOMacehl KAK TONJIHBHOT0 KOMIIOHEHTA

CBOﬁCTBa 61/10'rormmaa TOJDKHBI 61’:1'1‘1’: onpenene}m I OIITI'IM&JII:HOI‘d npouecca CXKHUTaHud, K
OLIEHKH XHMUWYIECKOIro COCTtasa OTJIO)KeHHﬁ MHHEPAJIBbHBIX COCTABJIIIOIMHX Ha CTCHKax
KomoarperaTa Hu TCIIJIOO6MCHHHK8, H A OHpeJICHeHi’IX COOTBET! CTBYIOIJIGI"O KOHTpOJIﬁ 3a

BEIIENCHMSAMHE PAIMOHYKIIHAOB ¥ CHCTEM yHaneHus 1 obpamenus ¢ 30508, Onpenenexnue
CBOICTB TOIIMBA OOBIYHO BKIIOYAET B ce0s MpOBefieHNe CHEAYIOMUX aHANN30B:

e Ha conepsxanme BiIary

e IlomHOro anaymsa

o TexHuueckoro aamisa

e XHMITYECKOTO COCTaBa 30JIBI

o Xumwpaeckoro GpaKiOHHPOBaHN

e Ha coenuHEeHMs CEPHI

e AHaNH30B TEILIOTBOPHOH CIOCOOHOCTH U TEMIIEPATYPHI ILIABICHUS
¢ Ha coneprxaHue pamvoHyKIHIOB K X GOpMbI

Onenka CTOMMOCTH

JUnist 5KOHOMIYECKO#H OLIEHKH NPEeZIaraeMoro NpoeKTa JOIDKHEI ObITh IPEACTABIEHE
SKOHOMHYECKHE AaHHEIE 10 000pyAOBAHIIO, OTHOCAIEMYCS K IIocTaBke OHOTOILINBA, BMECTE C
COOTBETCTBYIOIIMMH TPYAO32aTPATaMH.
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PROCEEDINGS OF THE CHORNOBYL PHYTOREMEDIATION AND BIOMASS ENERGY CONVERSION WORKSHOP

| . e AT SUMMARYAND.CONCLUSIONS: -~ -
Biomass Energy Conversion

" Ralph Overend
National Renewable Energy Laboratory, Golden, Colorado

The meeting reviewed the many pathways by means of which the extensive biomass in the
Exclusion Zone could be converted into useful products such as liquid fuels, gas, electricity, and
heat. The two main pathways can be divided into biochemical strategies or thermochemical
routes.

The two biochemical strategies are (1) to a biogas—a mixture of methane and carbon dioxide
having potential use as a gas turbine fuel or feedstock for fuel cells or (2) to ethanol, with the
potential use as a transportation fuel. The biochemical pathways have the disadvantage that they
will transfer the radionuclides from the solid state to a solution in water that will have to be
treated before release from the process. And since the ratio of water to solid in the process itself
is about 20:1, this would create considerable problems and investment requirements for cleanup.

The thermochemical routes considered included (1) pyrolysis to a biocrude, (2) gasification to a
syngas, and (3) direct combustion to provide steam for heat and power. All have the advantage
that the majority of the radionuclides would be concentrated and retained in the ash from the
process. Both biocrude and syngas can be used to fuel gas turbines and engines, while syngas
can be passed over catalysts to produce liquid fuels, such as methanol, or ammonia fertilizer. It
could also be converted to hydrogen for use in fuel cells. :

Some of these technologies are still in development while others are commercial. Briefly, it can
be summarized that pyrolysis to biocrude is just becoming commercialized while the applications
in turbines and engines are not yet proven. For gasification, which is the basis of the integrated
combined cycle that promises highly efficient generation, the technology is still in the
demonstration phase in both Europe and the United States. Within 2 to 3 years, it is expected
that the first generation integrated gasification and combined cycle (IGCC) processes w111 be
offered commercially, which is not the case at this time.

The only systems that are both proven and commercially available for conversion of biomass to
electricity and heat are combustion systems (with both stoker-fired grate boiler systems) and
fluidized bed systems (available from several manufacturers worldwide). If the biomass were
not contaminated, it would be possible to go out for bids tomorrow for the competitive
installation of power plants up to 75 MW electricity output and greater than 200 MW thermal
output at costs of 1600 to 1800 $/kW at these large scales. The meeting addressed the issues of
burning biomass contaminated with Cs and Sr. Best practice in both the United States and
Europe has resulted in many biomass-fired units that meet air, water, and solids emissions
standards of the environmental agencies. In particular, the units with bag-houses or electrostatic
precipitators can meet the requirements of very low particulate emissions, even of the sub 2.5-
micron particles that are of concern due to their ability to be inhaled and deposited in lungs.
Tests by Sandia National Laboratories of biomass doped with non-radioactive Cs and Sr have
demonstrated that the bebavior of these substances is that which is anticipated from the
accumulated knowledge of the behavior of alkali materials in biomass boilers. One test
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PROCEEDINGS OF THE CHORNOBYL PHYTOREMEDIATION AND BIOMASS ENERGY CONVERSION WORKSHOP

conducted in a commercial unit with an electrostatic precipitator demonstrated very high capture
of Cs and Sr. Discussion in the meeting demonstrated that the radiation doses from the ash
would be manageable in existing combustion systems so long as adequate precautions were
applied in operational handling and maintenance procedures, especially for biomass from the less
contaminated portions of the zone.

Appropriate conversion technologies need to be developed. Their efficacy for the most
contaminated biomass as well as that biomass containing technogenic wastes generated in the
immediate aftermath of thie #4 unit fire need to be demonstrated. These materials do not all have
such a high fuel value as biomass due to the concrete and metal associated with them as well as
the complication that they may have transuranic elements in addition to Cs and Sr.
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Biological Sysfems

= Lignocellulosics need pretreatment
— acid, solvent, steam
= Fermentation mostly in dilute solution
— typical ratio solid:liquid 5:95
- = exception solid state MSW digestion
= Liquid effluent
- requires treatment for BOD/COD
- mineral matter solubilized
— recovery difficult - used for irrigation

Py

Cellulose 45%

Cellulose 38%

Hemicellulose 32%
Lignin 17%

Other 13%

Other ~22%

Metal ~10%

Food and yard waste ~13%
Wood ~2%

Plastics and textiles ~7%
Paper ~46%

y Hemicellulose 30%
Lignin 15%

Other 10%

~23%
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MATEPPIAJIBI qEPHOBHJlBCKOI‘O CEMHMHAPA IO BOCCTAHOBJIEHWIO ITPH TOMOIIY PACTATEJIEHOCTH U IIPEOBPA3SOBAHYIO
: BFHOMACCEI B OHEPITHIO

IIpeoGpa3zoBanme 0HOMACCHI B SHEPIHIO

KPATKOE M3JI0KEHUE 1 BIBOJBI

Pansth Osepenn
Hamuonansuas JlaGoparopus BoszoOsosnsaemoit Dnepruy, I'osnen, mrar Kosopano

~

Ha Berpede GbUIM pacCMOTPEHbI MHOTHE IyTH, TIPH NOMOIIM KOTOPHIX O0mupHELH 06peM
61OMacCh! B 3aIPETHOI 30He Mor OBl PeoOpa30BLIBATLECA B TAKHE MONE3HbIE IPOAYKTHL, KakK
JKUAKHE BUAB! TOILIMBA, a3, SJIEKTPHIECTBO ¥ TEIUIOBYIO SHEPIHIO. JIBa OCHOBHBIX ITYTH MOXKHO
pasnenuTh Ha OMOXMMUYECKHE CTPATErHH WIIM TEPMOXMMIIECKIE HANPaBIICHIA.

JlBe GuoXUMUYecKye CTPATErHY 3aKoYaroTcs B Beipaborke (1) 6uorasa — cmecu MeraHa u
ABYOKHCH yrilepoza, 00nafaromero NoTeHIHAaIOM HCIONE30BaHKs B Ka9eCTBE TOILIHBA I
ra30BbIX TYPOUH WK MCTOYHHMKA SHEPTUH /UL TOILIMBHBIX 37IEMEHTOB Wi (2) 3TaHOMa, KOTOPBI
BO3MOJKHO HCHIONIb30BATh B KA4UECTBE TOIUIMBA [ TPAHCIIOPTHBIX CPEACTB. BHOXUMMIYECKHE
IIyTH ¥IMEIOT HEAOCTATOK B TOM, YTO OHM IIEPEHOCAT PAIHOHYKIMAEI K3 TBEPHKOrO COCTOSHUA B
BOJAHOM PacTBOP, KOTOPBIA HOJDKEH NO/BEPraThcs 06paboTKe A0 KOHEYHOTO BBIXOAR U3
npouecca. M mockoibKy COOTHOIIEHHE BOMBI K TBEPABIM BEIIECTBAM B CaMOM IIpoLiecce
cocrasyser nmpuMepHo 20:1, 3T0 cO3maCcT 3HauMTeNbHbIe IPoONeME! ¥ OTPeGHOCTH B
HMHBECTHLHSIX JJIS1 ITPOBENCHMS OYHCTKH.

TepMOXUMHYECKHE HANPABIEHHS PACCMATPHBAIOTCS KaK Biirodaromue (1) mipomus B
GromucTILIAT, (2) rasudUKaNHIO ¢ NOJyICHHEM CHHTETHIECKOT0 Ta3a i (3) IpAMOe CXKHTaHHe
JUIS HOJTY9EeH s apa Iiis BrpabOTKH TEIUIOBOH 1 SeKTPHUIECKOl s3Hepruu. Bee OHU BHITOAHD! B
TOM OTHOLIEHWH, YTO GOJBIHECTBO PAIHMOHYKIMAOB OyAyT KOHIEHTPHPOBATHCS H
VAEPKUBATECS B 301€, I0yIaeMoii B xoxe nponecca. H GHOAMCTHILLAT ¥ CHHTETHHECKuUH ra3
MOTYT IPHUMEHATECS B KA4eCTBE TOIUIMBA /UL ra30BbIX TYPOHH U Ml ABUTaTENEH, B TO BpEMs
KaK CUHTETHUECKHIt Ta3 MOXKET MPOIYCKATHCS epe3 KaTaIH3aTop M BEIPaOOTKH SKUAKIX
BUJIOB TOIUIMBA, TAKHX K4K METAHOJI, MM aMMOHHEBHIX YROOpeHui. OH MOXXET TaxKe
npeo6pa3oBbIBATECS B BOXOPOZ MLk HCIIONB30BaHMS B TOIUIMBHEIX JIEMEHTaX.

HexoToprle 13 3TUX TEXHOJIOr il BCe eme HaXOAATCA B poriecce pa3paboTke, B TO BPeMsl Kak

* IpYTHe Y>Ke KCIIONB3YIOTCA KoMMepdeckH. I 0Bops BKpaTLie, MOXKHO IIOABECTH MTOT, 9TO
NUPOH3 B OHONUCTHILIAT TOJBKO €IIe CTAHOBUTCA NOCTYIHBIM JJL1 KOMMEPIECKOTO
HCIOJB30BAHMSA, B TO BpEMs Kak PUMeHeHve it TypOuH u npurateneil noxa eme cebs He
33pEKOMEHAOBAN0. B OTHOIMEHUM ra3u(HKaIyy, JexKameli B OCHOBE HHTErPHPOBaHHOTO
KOMOMHHPOBAHHOTO LMKJIA, OGEIAIOIEero O9eHb BHICOKYIO 3(heKTHBHOCTb BEIPaboTKY,
TEXHOJIOTHS 10 CH3 [TOP HAXOMHUTCA B ONBITHO—3KCHEPHMEHTANBHOM CTafuy Kax B EBpore, Tak 1
B Coenuuennpix Ifratax AMepuxy. OXXuUAAETCS, YTO B TeUCHUE 2 - 3 JIET MEPBBIE IPOLECCEH]
HHTErPHPOBAHHOMN rasudukaiuy 1 KOMOMHUPOBAHHOTO IUKIIA OYHYT IPENIOKEHB! Ui
KOMMEPpYECKOro NpUMEHCHI1, ONHAKO Ha HACTOsHOUIT MOMEHT 3TOI0 HOKA elle He IIPOU30IIIO.

EnyHCTBEHHBIMH CHCTEMaMH, XOPOILIO 3apEeKOMEHAOBAaBIIUMY ce04 1 HOCTYITHBIMH JUIs
KOMMEPYECKOro IIPUMEHEHNS C LieNIbio IpeobpasoBana GHOMACCE! B SNEKTPHYECKYIO U
TEIIOBYI0 SHEPTHIO, SBJIOTCS CHCTEMBI CkuraHus (¢ 000MMU CHCTEMaMu KOJIOCHHKOBEIX
KOTJIOATPEraToB C MEXaHUIeCKkuM 3a0pachIBaTeneM) H CHCTEMBI Ha IICEBIO0XKIDKEHHOM Ci0€ (ux

23




MAaTEPRAIE] YEPHOBELIECKOI'O CEMIHAPA TI0 BOCCTAHOBJIEHHIO ITPH HOMOIIY PACTATEIGHOCTHM ¥ IIPEOEPA3OBAHIIO
BHOMACCHI B SHEPTHIO

MOXHO TOJIy9HTh OT HECKOJBKUX M3rOTOBUTENEH 1O BceMy Mupy). Eciu Ot 6uoMacca He 6puta
3arpsI3HEHHOMH, TO OBLIO 6b1 BO3MOXXHO Pa3MECTHTh 3aIPOC O IPHHATHY TEHAESPOB 3aBTPa XKe Ha
IIOAPSA CTPOUTENRCTBA TEILIOIEKTPOCTAHIMH, BEIpabaTeiBatomeii £o 75 MBT a5eKTpu4YecTsa 1
ceeire 200 MBt Temnosoii sHepruu npu croumocts ot 1600 xo 1800 $/xBT mpu Takom
kpymHOM MacmTabe. Ha BcTpede paccMaTpHBaJIMCh BOIIPOCH! CXKUraH¥st OHOMACCHI,
3arps3HEHHON He3ueM u cTpoHimeM. Jlyamas npaxruka kak B Coepnnenneix IlitaTax AMepuku,
Tak 1 B EBpone npusena B pe3yabTaTe K CO3AaHMI0 MHOTHX paboTaromux Ha 6uomacce
5HeproOIOKOB, YZOBIETBOPSIONUX CTaHAaPTaM, BEIIYIIEHHIM Pa3IMdHBIME BEIOMCTBAMH,
OTBEYAIOIKMMH 32 COCTOSIHHE OKPYXKAIOINEH Cpebl B OTHOLICHUH Ka9ecTBa BO3AYXa, BOABI U
BBIIENCHMI TBEPABIX TPOAYKTOB. B 0COOEHHOCTH 3TO KacaeTcsi 3HEproOIOKOB C TKAaHEBHIMHI
PYKaBHBIME IBUIEYJIOBUTENSIMHE HIIH C JIOBYIIKAMH C 3JIEKTPOCTATUYECKHM OCAXKIECHHEM,
KOTOpbIE MOTYT YHOBIETBOPATD TPeOOBaHNAM OUEHb HU3KOTO BEIOpOCa HaCTHIL, aXe HpH
9aCTHIAX Pa3MEPOM OKOJIO 2,5 MHKDOHOB, KOTOPbIE BBI3BIBAIOT 0COOYI0 03a00UEHHOCTD H3-32
HX CIOCOOHOCTH NOazmaTh C ObIXaHUEM BHYTPh OpraHM3Ma U OTKJIABIBAThCS B JIETKUX.
IIposenennrie Iaunuiickoii Hanuonaneuo#t JIaGopaTopueii ucneiranms ¢ 6romaccoit, B
KOTOpYIO 6BLIM HOGABIEHE! HEPAXMOAKTHBHbIE HE3Hi ¥ CTPOHIMIA, MPONEMOHCTPUPOBAJIH, YTO
ITOBENICHUE STHX 3JIEMEHTOB SIBIICTCS TAKUM, KaK W OXKUAAIOCH, UCXOAA 13 HAKOIUICHHBIX
3HaHMH O NOBEAEHUH IENOYHBIX MaTEPHUANIOB B paboTaromux Ha GHOMACCe KOTIIOArperaTax.
Onmo ucmerTaHue, MPOBEAEHHOE Ha KOMMEPYECKOM SHEeProbiioKe C JIOBYIIKOH ¢
3JIEKTPOCTATHIECKUM OCAKIEHUEM, TIOKA3aJI0 OYEHDb BBICOKOH YJIaBJIHBAHUE LE3MI U CTPOHLIMS.
ObcyxnaeHue BO BpeMs BCTPEYH ITOKA3aJI0, 9TO AO3BI PAAHAIMH OT 30JIbl B CYIHECTBYIOIIHX
CHCTEMAX CXXHMTaHHs MOTYT KOHTPOJIUPOBATECS NPH NPUMEHEHNUY aeKBATHBIX
MPENOCTOPOKHOCTEH BO BPEMs SKCIUTYaTAllMOBHbIX NIPOLIERYp NpeoOpa3oBasust U INTAHOBO—
IPERYNPEeaUTENbHEIX paboT, B 0COOEHHOCTH B OTHOLIEHMM GMOMACCH! C MEHeE 3arpsi3HEHHbIX
Y92CTKOB 30HEL

Heobxonuma pa3zpaboTka COOTBETCTBYIOIYX TEXHOJOT I mpeobpasosanus. Heobxonumo,
910651 6BUIA MPOAEMOHCTPHPOBAaHa HX 30 (EKTHBHOCTD AN OONBIIMHCTEA 3arPsI3HEHHOM
BroMaccsy, a Takke 1 6MOMacChl, CONEPKAINeli TEXHOTEHHBIE OTXOAEL, BO3HUKINHE
HENOCPEACTBEHHO NOCIE MOXapa Ha JeTBEPTOM SHeprobioke. He Bce 13 3TUX MaTepHaioB
06naxaroT Takoi Ke TOILIMBHOM LEHHOCTHIO Kak 6roMacca B CHly BKIFOUEHHI B HUX OeToHA 1
MeTallia, a TakoKe W3-3a TOrO OCJIOXKHEHHS, KOTOPOE CYINECTBYET M3—3a TOrO, YTO IIOMUMO: LIe3HsI
H CTPOHIIMSI OHU MOTYT COZEPXaTh TPAHCYPaHOBEIE JICMEHTEL
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PROCEEDINGS OF THE CHORNOBYL PHYTOREMEDIATION AND BIOMASS ENERGY CONVERSION WORKSHOP

Lo e - 'SUMMARY AND'CONCLUSIONS. - -~ =

Waste Management

Tom Early
Oak Ridge National Laboratory, Oak Ridge, Tennessee

Just as the systems approach must be applied to the entire Chornobyl remediation and power
production project, in the opinion of the workshop participants, such an approach also should be
used to evaluate alternative waste management options. Several considerations were recognized:

o Several different options being considered for biomass production will yield different types
of biomass products (herbaceous vs. woody plants).

e Several different options under consideration for biomass conversion will produce wastes
with different characteristics. Even for a conventional combustion system, different types of
biomass produce different amounts and quality of ash (e.g., herbaceous biomass produces
more ash with different chemical characteristics than ash from wood).

¢ The mix of biomass types used as feed stock will likely produce changes to the energy
conversion system from season to season and year to year, based on availability.

Therefore, there is the general belief that first we must evaluate the spectrum of biomass
production and conversion alternatives to properly identify the range of waste types that will
result before disposal options can be addressed. :

Secondly, we need to evaluate the risks, benefits, and cost of different waste treatment, storage,
and disposal options. We must recognize that the contaminants in ash (}*’Cs and °°Sr) will be
soluble so that isolation of the ash from water and/or the use of some form of waste stabilization
must occur to prevent leaching. Within this context, we discussed several alternatives for the

wasteform and waste preparation:

" o Incorporation of contaminated ash in concrete (which might find use for construction of
waste disposal casks). However, it was pointed out that current international standards may
not recognize biomass ash as an appropriate additive to concrete, and, in the case of ash from

. herbaceous material, the ash chemistry may compromise the integrity of the concrete
produced.

¢ Thermoplastic encapsulation. This could be a waste form with long-term stability, but it must
be shown to be cost competitive with other options.

e DPlastic bags might be appropriate for some wastes where the risk of exposure is low.

It was felt by workshop ﬁarticipants that much information on biomass ash properties and
wasteform performance is available and simply needs to be evaluated properly to select the most
appropriate wasteform alternative.
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Third, certain legal considerations must be addressed. For example, we know that ash waste
produced from biomass will vary in its level of contamination with varying levels of associated
health and safety risk. This could result in a range of disposal options. However, we were
informed that present Ukrainian law requires that low-level radioactive waste be stored in special
facilities designed to maintain their integrity for at least 300 years. Any other option for such
waste will be considered as temporary storage, which means that it will need to be transferred
eventually to a permanent facility. :

Ukrainian law also provides for an exemption level based on natural background in the area in
which the waste is generated and stored. Above this level, it is classified as low-level waste and
must go to a special disposal facility. Workshop participants expressed the desire for an efficient |
process for handling and segregating waste to avoid unnecessary classification of too much
material as low-level waste.

Finally, we had a detailed presentation on the planned Vektor waste management and disposal
facility and learned that

o Planning was done to ensure integrity of the waste stored inside for at least 300 years.

e Considerations for avoiding placement of the facility in environmentally sensitive areas of
the Chornobyl Exclusion Zone was part of the planning.

e The facility is designed to handle 500,000 m’ of waste (and 500,000 Ci), which should
provide ample capacity for any realistic disposal volume of ash.

In summary, workshop participants believe that keeping waste disposal simple and cost effective
while adhering to Ukrainian laws and managing risks responsibly is our primary objective.
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MATEPHANEY YEPHOBBLILCKOTO CEMEHAPA IT0 BOCCTAHOBJIEHHNIO IIPH ITOMOIIH PACTHTEISHOCTH B IPEOBPA3OBAHIIO
BHOMACCHI B SHEPTFIO .

Oo0pamenue ¢ 0TX0AAMH
KPATKOE A3JI0KEHUAE H BEIBOJBI

Tom Jpm
Oxpumxckas Hanmonansnas Jlaboparopust, Ox-Pumx, mrar Terseccu

Taroxe kak 10, 4T0 K UepHOOBUILCKOMY IIPOEKTY IO BOCCTAHOBJICHMIO IPH HOMOMIH
PacTUTENHHOCTH M BEIPaOOTKE SHEPTUH AOJDKEH IPUMEHATECSA CHCTEMHBIH MOMXO, HO MHEHMUIO
Y4aCTHHKOB CEMHHAapa NOAXON TAKOTO K€ pOAa AOJDKEH HCII0Ib30BATHECS H IPH OLEHKE
aNbTCPHATHBHLIX BAPHAHTOB oﬁpamemm C OTXOAaMH. Brum IIPHHATEI BO BHHMaHHiE HECKOJIBKO
coobpakeHuii: )

e HeckonpKo pacCMaTPHBAEMbIX Pa3JIMYHbIX BADHAHTOB HPOM3BOACTBA GHOMACCHI IIPHBEAYT K
THONYYEHHIO Pa3JIMYHBIX THIIOB IIPOAYKTOB B BUJE 6MOMacCH! (TpaBsHBIE IO CPABHEHHIO C
APEBECHBIMI PACTEHHAMU)

e HeckonpKO HAXOAMIMEXCS B IPOLIECCE PACCMOTPEHHS Pa3IMIHBEIX BADHAHTOB
npeobpasopanyst 6noMaccsl OynyT MPUBOAUTH K CO3NAHUIO OTXOZOB C Pa3HbIMH CBOACTBaMU.
Haxxe nipyt OOBIMHOM CHCTEME CXKUTaHMUS Pa3IHIHbIe TUITI OHOMACCEI CO3HAI0T PasHYIO 3011y
IO KOJIMYECTBY U TI0 KadecTBY (K IpHUMepy, TpassHasi 6uoMacca co3naer GobIe 30161 C
APYTHAMH XUMHYECKHMH CBOMCTBaMM, 9E€M 30J1a OT IEPEBa)

e CwMmech TUIIOB OGHOMaCCHI, IPUMEHIEMO#! B KauecTBe TOILIHBA, BEPOSTHO OyHeT MpHBOAUT K
HU3MEHEHUSAM B CHCTeMe MpeoOpa3oBaHus B S9HEPTHIO OT OXHOIO BPEMEHH rofia K ApYToMy U
OT OJIHOI'O rofa K APYrOMY, OCHOBBIBAsiCh Ha THIAX, MMEIOIIUXCS B HAJIWIHUH.

B 37011 CBsA3M cymiecTByeT 00Imee yoexxneHue, 9To A0 TOro, MOKa CMOTYT OBITh PaCCMOTPEHEL
BapUAHTHI 3aXOPOHEHUs, CHa4ala MBI HOJDKHEI OLICHHTD CIIEKTD IIPOK3BOZCTBA OHOMACCHI AT
COOTBETCTBYIOLIErO ONpeieNIeHIs AUalia30Ha BOSHAKAOMMHUX B PE3YNbTaTe THIIOB OTXOHOB.

Bo-BTOpEBIX, HAM HEOOXOAUMO PaCLEHHUTE PUCKH, BEITOABI H CTOMMOCTD Pa3iIM4HBIX BapPHAHTOB
06paGoTKH, XpaHEHHs U 3aXOPOHEHHsI OTXOHOB. MBI IOJDKHEI IIPH3HATE TO, 9TO 3arpsA3HIOINNE
Bemecrsa B 301e (°'Cs u *Sr) 6YAYT PaCTBOPHMBIMHE, HOSTOMY UL IIPEAYIPEKICHIS
BRINENAYMBAHYS OTPeOyETCs H30IHPOBaHYE 30JIb1 OT BOZbI ¥ / WM NIpUMeHeHue Kakoi—mbo
dopMbt cTabunM3aLmy OTXOXOB. B 3TOM KOHTEKCTE MBI OOCY MM HECKOJBKO aTbTEPHATHB

(G opMOBaHHUA U IIOJFOTOBKH OTXOJIOB:

¢ BxmoueHue 3arpsa3HeHHO 30716 B 6€TOH (KOTOPBIH MOT GBI HCHIONB30BATHCS FJLA CO3MAHUA
KOHTEHHEPOB IS 3aX0pOHeHuUst OTX0H0B). OnHaKo, kaK OBLIO YKa3aHO, MEXIYHapOIHbIE
CTaHmapTHl MOT'YT HE NPHU3HATH IONYyYaeMYI0 IPH CXKMIaHHH OMOMacchl 30JIy Kak
HOIXOZILIYIO IPHUMeCh IIs1 6€TOHa, a, B CIIydJae 301kl OT TPaBIHOIO MaTepuaia, XUMHUIEeCKUH
COCTaB 30JIEI MOKET HEGNArONpUSITHEIM 06PasoM BO3AEHCTBOBATh HA CTPYKTYPHYIO
HPOYHOCTh IPOU3BOAUMOro GeToHa.

o TepMOIUIACTHYECKOE KaICyaupoBanue. Morio 651 craTh GOpPMOit OTXOHOB ¢ JUTUTENEHOM
CTaGHIBLHOCTEIO, OFHAKO JOJDKHO NPOAEMOHCTPHPOBATh CIIOCOOHOCTh KOHKYPHPOBATh I10
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BHOMACCHI BOHEPTHIO :

CTOMMOCTH C IPYTHMH BapUaHTaMHU.

e IInacTUXOBBIE MEIIKA MOTYT ABJIITHCA MOFXOAIMMMY AV HEKOTOPBIX OTXOZIOB B CIIy4ae,
eclu puck oOydeHus HU30K.

Vu4acTHHKH CeMMHApa IOJIarajii, 9TO 3Ha49uTeNbHas JacTh HHOPMAIK O CBOHCTBAX
HOJy9aeMOii B Pe3yJIbTare CxKuUraHust OHOMacCH 3011b1 ¥ IO (POPMOBaHHMIO OTXOHOB CYLHECTBYET
B HAMITIMM H [POCTO HYXKAAETCsSI B COOTBETCTBYIOIIEH OLeHKe /s BbiOopa Haubonee
MOAXOAAIEro BapuanTa GOpMOBaHHsA OTXOHOB.

B-Tperpux, HE0OXOAMMO PACCMOTPETH ONpeHeNeHHbIe cooDpakeH s NPaBoBoro xapakrepa. K
TIPEMEpY, MBI 3HAEM, YTO HOJyJaeMBIie 13 GHOMACCHI 30JIbHBIE OTXO/B! OyAyT UMETh PasiudHEIE
YPOBHH 3arpsS3HEHHNS — TAKKe Pa3IMYHbEIM OyIeT CBS3aHHBIN ¢ STUM PHCK JUIS 3[0POBbS U
6esonacHocTy. Takas cuTyauysi MOXKET IPUBECTH B PE3YJIBTAaTE K TOMY, ITO OynyT
CYILECTBOBATE Pa3iIMuHbIe BAPHAHTEI 3axopoHeHusa. OnHako Mel OpLIH IpOHHGOPMHUPOBAHEL, YTO
HacTosunee YKPauHCKOe 3aKOHOZATeIbCTBO TpedyeT, 9ToOB! HU3KO PaAOaKTHBHBIE OTXOXBI
XPaHMJIKCh Ha CIIEHUAbHBX 00beKTax, CKOHCTPYHPOBAHHEIX TaK, YTOOBI COXPAHATE CBOIO
CTPYKTYPHYIO LEJIOCTHOCTD B TeUEHHH 10 Kpalineit Mepe 300 xer. JIro6oit mpyroi BapuanT Ajs
TAKHX OTXONOB OyAET CYUTATECS BpEMEHHBIM XpaHEeHHEeM, 9TO 03HAYAET, YTO HX, B KOHIE
KOHIIOB, IIPHAETCS IEPEBO3UTH Ha OOBEKT OCTOSHHOTO XPaHEHHS.

VKpauHCKOE 3aKOHOAATENBCTEO TAkoKe NPeRyCMaTPHUBAET HEOOA3aTeNbHOCTD BEINONTHEHIS TAKUX
TpeboBaHuii, €CK YPOBEHb PAAHOAKTHBHOCTH OTXOAOB He NPEBBIIIAET €CTECTBEHHEBNA (POHOBBIMH
YPOBEHb MECTHOCTH, TJie TaKKe OTXOZAb! ObUIH CO3aHbI ¥ IOMEINEHE! Ha XpaneHue. Cpemme
TAKOT'O YPOBHSI OTXOMbI KIACCHDHIIPYIOTCS KaK HU3KO PafHOAKTHBHBIE M JIOJDKHEI
HAIpPaBIBITHCS Ha CIIEHHAANbHEIA 00BeKT MUt 3aXOPOHEHHA. Y JaCTHHKY CEMHHAPa BHIPA3HIIH
HoXeIaHue co3narh 3 deKTHBHBIN Hponece oOpamenys ¢ OTXOAaMH H MX pa3sfeeHus A TOro,
4TO6B! M36EKATh HEHYXHOM KJIACCH(DUKAIMK CIUIIKOM OONBIIOro KOIMIECTBa MAaTEPHAIOB Kak
HHM3KO PaJMOaKTHBHBIX OTXOJIOB.

B 3aximoueHMy MBI IPOCHIYIIANH JETANBHBIH HOKNa] O IaHupyeMoMy obbexTy BekTop,
HpeNHA3HAYEHHOMY A OOpaImeHus ¢ OTXONAMH U MX 32XOPOHEHHIO, H Y3HAJH, YTO

e BpuiH CO3AaHbI COOTBETCTBYIOLINE IUIaHbI ANl 00eCTeueH s HENOCTHOCTH OTXOJIOB,
HaXOISIIOHMXCS HA XpaHeHnH BHyTpH (00bexTa) Ha IpOTsDKeHuH N0 Kpaiineit mepe 300 Jer.

e B u9acTHOCTH, B IJIaHBEI EXOOUT M30eXaTh pasMeIeHus 00beKTa B SKOJOTHIECKH
YYBCTBUTENBHEIX MeCTax UepHOOBUTLCKO# 30HBI OTHYXACHU.

e OO6wbexT npexHasHadeH s oOpamenns ¢ 500.000 M’ oTxozoB (# 500.000 Kropw), uro
IOJDKHO 00eCeduTsh JOCTATOYHYI0 €MKOCTh Ml JIE0OO0ro peamicTHaHoro o6seMa 307161 A
3aXOPOHEHMS.

Pe3roMupyst CKa3aHHOE, YJaCTHUKY CEMUHAPA NOJIaraloT, YTO Halla OCHOBHAs 3ajiaua
3aKIIFO4AETCs B 3aXOPOHEHHUH OTXOHOB IPOCTHIM i 3((EKTUBHEIM 10 CTOMMOCTH METOZOM,

IPUACPKUBAACH YKpaI/IHCKIfD{ 3aKOHOB M IIpUHHUMAA BO BHHUMAaHHUEC PUCK, CBSI3aHHLIH C 5THM.
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Vladimir Tokarevsky
State Company for Treatment and Disposal of Mixed Hazardous Waste, Ukraine

This presentation is in Russian, but a translation from Russian into English will be provided.

Attendees at this workshop have participated in two very intense work days. We hope that all
participants of the working session have drawn much for themselves that can be very useful.

This past year has been difficult, but at the same time, very beneficial, and, in addition, historic.
Last year marked the commencement of the construction of the Vektor complex, which is for the
final disposition of radwastes. Approximately 500,000 cubic meters of radwastes need to be
prepared for final disposition. They will be reliably isolated from the environment and from the
population. Approximately 400,000 curies of radwastes will be temporarily stored in dumpsites.
These radwastes can reliably be re-interred in Vektor. There are more than 200,000 curies of
very dangerous cesium and strontium in open form in the environment. This cesium and
strontium has undergone migration into the environment and into underground waters more than
any other radionuclides in the Exclusion Zone. This project is an attempt to resolve this

problem, but it cannot be done in 1, 2, or 3 years—30 or even 50 years may be required.

Bryan Castelli has called this our project and has characterized it as a chiallenge. We can throw
out this challenge of 200,000 curies and accomplish the task of their isolation if we are united.
Thousands of cubic meters and thousands of curies sound awesome, but there are only 2
kilograms of strontium and cesium that have created so many problems. These 2 kilograms have
contaminated in the Exclusion Zone alone a territory of 3,000 square kilometers and have thus
created radioactive materials amounting to approximately 200,000,000 cubic meters, roughly
400,000,000 tons. It appears to be impossible, with the limited manpower available, to clean up
such a massive amount of material. This, conference, however, has emphasized the striking
capacity of vegetation biomass to store radionuclides. The process is very slow, however, and

success may only be realized by the next generation.

I have a personal interest in all these activities, and I thank Giulia Bisconti, who in introducing
me today said that Tokarevskiy is the Biomass Workshop. As biomass, 1 can trace my roots
from these sites, from the present Exclusion Zone. My mother and father were born here in the
Polesskiy region. Their parents were born and lived here. The Polesskiy region’is now
completely uninhabited. I do not want this land to remain empty for all time. People can come
back. And we want to help them do this as soon as possible.

I congratulate all the participants of our working session for coming, for expressing their
opinions for or against this project. This project is not a simple one. It is very complex, very
difficult, but something must be done. We must emphasize that the positive points of this project
are far more numerous than the difficult or negative ones.

I thank Jim Hartley for the splendid organization of our seminar, which was organized over the
phone and fax. I do not know if Jim burned up his fax or not, but at times, ours was so hot, we
had to shut it down.

I thank Gennadiy Lobach, my Deputy at Technocenter, who did much work both on the seminar
program and sending out invitations.
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I will expand on Jim Hartley’s comments. In addition to representatives from Ukraine, Belarus,
and the United States, representatives from Russia also are here, and we thank them very much
for coming to our seminar.

I thank the LaBoratory of International Studies of the Chornobyl Center, which is celebrating its
birthday today.

Jim Hartley and I have been very fortunate. We wish success and express our gratitude to
participants for their tremendous abilities in presenting this seminar.

I wish you all success in solving this complex, and, I hope, rewarding task.

Thank you for your attention.
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MATEPHAJII YEPHOBBLUILCKOIQO CEMHHAPA ITO BOCCTAHOBJIEHHIO IIPH TOMOIHY PACTHTEJLHOCTH Y ITPEOFPA30BAHNIO
BHUOMACCEI B DHEPIMIO

[ T SAROHYEHEBIE SAMEYAHYS Y BEIBOJE.

Brnagpvup Toxapesckuii
TocynapcrBeHHast KoMIaHWS 00 06paboTKe B 3aXOPOHCHHIO CMEIIAHHbIX ONacHEIX OTXOJOB,
VYxpauHa

51 6yxy TOBOPHTH Ha PYCCKOM S3BIKE, 9TOOKI HAl TOCTH 3HANH, YTO Y HAC €CTh IEPEBOX U C
PYCCKOTO SI35IKa Ha aHTIMHCKHH.

M1 gelicTBATENBHO IIPOBENH ABA O9EHD HAPSDKEHHBIX paboarx e, JIMIHO S 09€Hb MHOTOMY
HaydHiICs B Te9eHye 3TrX quel. Hamerock, 9T0 BCe Y9aCTHHKY Hanlero pabo3ero CoBemanus
TaKKe HOYEePIHYIH 1 ce0s 04eHb MHOTO MOJE3HOTO.

TIponutetit rox GBI I HAC JOCTATOYHO TSHKENBIM, HO B TO XK€ BpeMs OYeHb HOJIC3HEIM H, 1 O
CKa3all, HICTOpHIECK¥M. B mpomoM roxy ObUIO HA9aTO CTPOHTENBCTBO KoMILIeKca “Bexrop”,
KOTOPEIi ABJIETCS HAYeM HHBIM, KaK 3aXOpOHEHHEM PafioakKTHBHEIX 0TX0/0B. Hasrmanacs
nudpa 500 Terc. Kybraeckax METPOB pagHOaKTUBHEIX OTXON0B, KOTOPHIE MBI MOXXEM
3ax0poHHTH. 51 ckaxxy mrade - 500 ThIc. Kiopx 0TX0M0B, KOTOPHEIE MBI CMOMXEM HAHEXKHO
H30JIPOBaTh OT OKpYrkaromeit cpesl ¥ OT HaceneHHs. B Tex cBamkax, KOTOPEIE Ha3EIBAIOTCA
BpEMEHHBIME XpaHIINIMAMHY PafHOaKTHBHEIX OTXOXO0B, HaxoauTcs npuMeTHO 400 TeIc. Kioph.
D70 TO, 9TO MBI Y?K€ CMOXKEM HaIEXHO nepe3axoporuTh B “Bexrope”. Ho Mens 6onsme Bcero
cMymaeT apyras nrdpa. B oTKpEITOM BHIE B OKpYy»Karomne cpefie Haxogures Gonee 200 Thic.
Krop¥ 11e3us 1 CTPOHUHS. DTOT HE3HH ¥ CTPOHIMI, BEIpaXaACh Ha HAIIEM S3EIKE - 6€3X03HEIH,
0H B GONBIIEH CTEIeH: IOABEPKESH MUTPAIAH B OKPYKAIOIIYIO CPEXNY, B IIOA3EMHEIC BOJEL, €M
BCE OCTANBHEIE PATHOHYKIU B, Haxonamuecs B 30He oTdyxAeHRS. 10 ecTh 5TH 200 THIC. KiopH
caMEle OIIacHEIe. IT03ToMy S pacCMaTpHBAl0 HAII IIPOEKT KaK IOMEITKY PEINHTE 3Ty IpobieMy.
Ho pemuTs ee He B TeYEHNE OJHOTO, ABYX WM TPEX JIET, 4 PEIIUTH €€, BOSMOXKHO, B TEICHHE
ommxaimmx 30, Moxer 65ITh 50 Jer.

I cornacen ¢ BpaitaroM Kacremwm u 61aronapes eMy 3a TO, Kak OH Ha3Ball Ham IpoekT. O
ckasaj, gro 310 BbI3OB, sto the Challenge. 1 Me1 cMosxeM 6pocaTs 310T BEI30B 200 THIC. KropH
¥ PeIIUTH 37129y WX H30JIANHH, €CIH MBI 00beHHAMCs. MOXHO Ha3BaTh MudpE! NeCITh
KyOmdeckumx MeTpoB H TeIcsd KropH, HO Te CTpOHIHI ¥ Ne3HH, KOTOPEIE CO3HaIH CTOJBKO
npoGIeM I BCeX Hac, - 3TO BCETO JIHIIb ABAa KAIOrpaMMa HNE3Hs ¥ CTPOHIHA. DTH IBa
KAIOrpaMMa 3arpsS3HIUH TOJHKO 31ech B 30HE OTIYKACHH TEPPHTOPHIO B 3 THICAIH
KBaJIPaTHEIX KAJIOMETPOB K TEM CaMBIM CO3AaiH PagHOaKTHBHEIX MaTepHaoB okoio 200
MIJLUIHOHOB KyOMIecKrX MeTpoB, IpuMepEo 400 MIIUIHOHOB TOHH. Kak O9HCTHIB 3TY
TEpPPHUTOpHIO, Kax 0urcTHTh 400 MumoroB ToHH? Kak MoxHO 60poThCS ¢ STHMH
6GecUBCIeHHEIMA PaVi0aKTHBHEIMHE aTOMaMH HMEs OTPaHAYCHHOE KOJIMIECTBO JFOACH?
ITosToMy YpOK, KOTOpEI s H3BJIEK H3 HAIIETO COBEMAHMS ~ 5TO NOTPACAIOIIHE CIIOCOGHOCTH
PaCTHTENFHOM GHOMAcCEH!, €€ BO3MOXKHOCTH aKKyMyJIHpOBaTh pafHOHyKMAsl. MennesHo,
YBEPEHHO, TOX 3a rofoM. I103ToMy s Hamelock, 9T0 Ha STOM IIyTH, €CIIH He MbI, TO HAllH
TIOTOMKH JIOCTUTHYT ycHexa.

51 X0dy cKa3aTh, 9TO Y MEHS €CTh JIMIHEI HHTEpEC BO Beell 5To0i AesrensHEocTH. Y st Garomapen
Jhxyman BECKOHTH, KOTOpast IIPEJICTaBIIsLE MEHS CErOAHS CKasana, 9T0 TOKapeBCKHii - 3TO
Biomass Workshop. IToaToMy, kak 6momacca, a st MOTy CKa3aTh, 9T0 MOH KODHH H3 3THX MECT,
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BFHOMACCEI B SQHEPTHIO

W3 Tenepenpe 30HEI OTIyKaeH:S. 3ech B IlonecckoM paiioHe pomwmch MO OTel ¥ MOsI
MaTb. 311eCh PONPUIHCH U vy ux poxurenH. [lomecckuii paiion ceifgac BEICENIE€H HONHOCTHIO, S
HE X049y, IT00BI 3Ta 3€MJIL IIyCTOBaNA Bce BpeMd. JIronm MOryT crofa BepHYThCS. Y MBI XOTHM
IIOMOTb AM 3TO CHENATh OBICTpeEe.

51 xo4gy moGnaroxapuTh BCEX YJaCTHHKOB Hamero pabodero coBemanss 3a T0, 9T0 OHHR
IOpHEXaH K HaM, BEICKa3aJIi CBOM MHEHUS 32 3TOT NPOEKT WK MPOTHB 3TOr0 IPOEKTa. ITOT
TmpoeKT Henpocto#. OH 09eHs CII0XHEN, HIpoTHBOpedHBLi. Ho Bee ke mydme nenats X0Th 9T0—
TO, ¥eM HH JeJaTh Hrdero. TeM Goree, 9T0 MONOXHUTEIHHBIX MOMEHTOB B 3TOM IIPOEKTE Iopasnio
60J'II>I]IC, YEM CHOPHBIX A HEraTHBHBIX. .

1 xoten 651 mobnaroxapuTs [xmva XapTiH 3a BEIHAKOJIEHHYIO OPraHA3aqyio Hamero
ceMuHapa. SI HOJDKeH cKa3aTh, 9TO ceMuHap OBUI opraHm3oBaH Ifo Tenedony u daxcy. He 3nato,
neperopen ym ¢axc y JixmMa, HO ¥ Hac OH IOPOH Ieperpesacs TaxK, Yro IPAEXOAUIOCH €ro
OTKJIFOYATE.

51 6naropapen I'erranmro JIo6ady, MoeMy NOMOIDHHEKY IO TeXHOIEHTPY, KOTOPEL CAelia
OYEeHb MHOIO ¥ II0 HpOorpaMMe CeMHHapa H HO IPUIIIAINCHIsIM C Hamelf CTOPOHEL.

S xoten 651 momonewTh xmMa Xaprmu. KpoMe npencrasmreneit Yxpaunsl, benopyccnu u
CIIIA 3mech OpHECYTCTBYIOT IpecTaBuTed Poccrn, KOTOPEIM MBI TAKXKE OUeHb O1arofapHs! 3a
TO, YTO OHY IpHEXa)Id Ha Hall CEMHAHAP. ‘

51 xorten 651 mobnaromaputs JlabopaToprro MeXIyHApOAHEIX UCCleA0Barni HepHOOELIBECKOTO
IEHTPa, KOTOPEIH. CErOHS OTMEYAET ICHb CBOETO POXKICHH.

S xoten 681 cka3aTh, 910 ¥ Hac ¢ J[xmmoM XapTim, cuacTimBasd pyka. [103ToMy MBI HOXXeIaeM
HM yCrexa, 6naro,uapmv1 3a TO, 9T0 OHH IPC€HOCTaBYLIIA BEIUKOJICHHEIC BOSMOXXHOCTHA }UI}I
IIPOBEAEHHAS 3TOT0 CEMHUHApa.

51 xoren GEI HOXENATH BCEM HaM y/la9d B PEINCHAM STOH CJIOXHOI! H, HalIeIoCh, 61aropoqaoit
3a/ayH.

Cnacu60 3a BHEMaHUE.
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[ . CHORNOBYL PHYTOREMEDIATION.AND BIOMASS ENERGY CONVERSION PROGRAM

Chornobyl Zone Activity Concept of Operations and General Approach to Exclusion Zone
Rehabilitation ’

Nikolai I. Proskura

The Administration of the Exclusion Zone and the Zone of Absolute Resettlement,
Ukraine : )

ABSTRACT

Primary attention in the report was devoted to a new Concept of the Chornobyl Zone, which will
define the basic directions of activities in the territory of the Zone by the year 2020. On the basis
of the basic provisions of the Concept, recommendations have been formulated for technologies
aimed at radioecological, economic, and social rehabilitation of the Chornobyl Zone and other
territories of Ukraine that are suffering as a result of the Chornobyl catastrophe. -
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MATEPRAJEI YEPHOBBLUILCKOTO CEMHAHAPA I10 BOCCTAHOBJIEHHFO IPH IOMOI PACTATENGLHO CTA B IIPEOFPA30OBAHIIIO
EHOMACCEHI B 3BEPTHIO

Prbemant ot

Konyenyua axmuenocmu Yeproboiiscroii 301t u 06uiuii nooxod K 60ccmanoenenuio 301t
omuyrcoenun .

Huxonaii Y. ITpockypa

Opraumsaus OrpaHudeHHOH 30HbI X 30HBI OTIYKACHHA, YKpauHa

BHITEPIKKH

OCHOBHOE BHHMAHUE B HOKJIaze yaeneHo Hopoi Konnerminy YepHoObUILCKOH 30HEL KOTOPast
Oymer onpemensiTh OCHOBHEIE HATIPaBJICHHUS M XapaKTep AesSTeIbHOCTH Ha TEPPUTOPHH 30HBI IO
2020 ropa. Ha ocHOBaHMH OCHOBHBIX HOJIOXKeHui Konmenuu chopMyIHpOBaHE
PEKOMEHAALMH K TEXHOJIOTHAM, OPUEHTHPOBAHHBIM Ha PaAHOIKOJIOTHIECKYI0, SKOHOMUIECKYIO
¥ COLHANBHYIO peabmnuranuro YepHoObUmLCKOM 30HEI M APYTHX TEPPUTOPH YKPauHEL,
IIOCTPaAaBIUKX B pe3yisrare UepHOOBUILCKOM KaTacTPOdEL






MATEPUAJIBL tI.EPHOB]':]’J]I;CI/COI‘O CEMMHAPA JIO BOCCTAHOBJEHWIO TIP ITOMOIH PACTATEIILHOCTH X IIPEOBEPA3OBAHIAIO
BHAOMACCHI BOHEPTHXO

Konyenyus axmuenocmu Yepnoboinscroii 3o0Hs1 1 06uiuit n00X00 K 60CCMAn06/1eRNI0 3015
omyyscoenus -
Huxonaii 1. TIpockypa
Oprauusanus OrpaHudeHHOH 30HbI ¥ 30HBI OTIYXXACHHS, YKpauHa

30Ha BimayxeHHs i 30Ha Ge3ymoBHOro (060B’I3KOBOTO) BifiCENeH S Ha TepuTopii Ypainu (nan
3a TexcToM 30Ha) - dacThHA Tepuropii Yxpainu, HaHOimem 3abpynHeHa pamiOHYKIAaMH
BHacninox YopHOOmubCeKOi Karacrpodu, 3 0cobnuBOO (QOPMOIO YNPAaBIiHHA, 3€MIH SKOI
BUBEJEHI 3 TOCIOHApCHKOro ofiry, BifMexeHi Bifi CyMDKHMX TEPHTOpiH 1 IepeBemeHi A0
KaTeropii panianiiino HeOe3NEYHMX 3EMEb.

OcofnuBocTi pajioeKoNOriaHOr0 CcTaHy 30HE OOYMOBIIOIOTH XapakTep ABUILHOCTI Ha ii
tepuropii. Is mismpHicTs IpOBOAMTECS Y Bimmosimxocti A0 Konnenii 3onu, pospobiaenoi 1o
2020 poxy. V 3B’s3ky 31 cxiajHicTIo IpobneMH, MOXUIMBMME 3MiHaMu Y AiH04OMy
3aKOHOJABCTBi T2 HOPMATHBHO-IPABOBHX NOKYMEHTAX, NPHHHATTAM HOBHMX 3aKOHONABUMX
akTiB, Aana KoHmenmis Mae nepioniyHO yTOYHIOBATHCh T4 KOPHTYBATHCE (HE PillIe K OfUH pa3
Ha 5 pOKiB).

Konuenuiero nepen6a4acrbcs BUSHAYCHHA: .

- IIPOTHO3Y PO3BHUTKY €KONOTIUHOi Ta paaiauiiino-ririeniuHoi curyanii B 3oHi, 3a0e3meueHHs
pamianiifHoi 6e3rnexy Ta MEAMYHOI HONIOMOTH MPAIOI09IHM y 30H;

- QyHKLIOHANBHOrO paifOHyBaHHs TepUTOPii 30HH,

- OCHOBHUX HAIIPAMKIB Ta 3MiCTy AisUILHOCTI B Hiif;

- dyHkuiii i dopm opraxisanii ynpasiaiHHEsa 30HOW;

- OCHOBHHX 3aXOfiB IO/O ii peani3arti.

Mera i 3aBganns Konnenii
Konuenuisi, rpysSTyIOYHCh HAa YHWHHHX HOPMATHBHO-IIPABOBHX JOKYMEHTaX Ta BHCHOBKAaxX
HayKOBHX HOCIIKeHb, BU3HAYAE CHCTEMY OPTaHi3aliHHiX, eKOJNOTITHIX, MEAWIHAX i HayKOBO-
TEXHIYHHUX TNPUHLMILB Ta MPIOPUTETIB BHPOOHMYOL, HAYKOBO-TEXHIYHOI Ta IHINOI AisUTBHOCTL B
‘30Hi 3 METOI0 MiHiMi3auii eKONOTIYHIX T4 COLiabHO-eKOHOMIYHIX Haciiakis YopHOOHUIBLCHKOT
KaTacTpodH, a TakoXk OGIPYHTYBaHHS MOXIIMBOCTEH KOMIUIeKCHOI peabimiTauil Tepuropii 30HM.

Basnannst KoHIenmii monsraoTh y BU3HAYEHH] IUIIXIB JOBTOCTPOKOBOTO YTpHMaHHA 30HH i
IIpiOPUTETIB NiSABHOCTI B Hill 32 OCHOBHHMH HalpPsAMKaMH, IO 3a0e3MedyioTh 3HIDKEHHS PIBHA
€KOJIOIYHOrO PU3UKY Ta MiHiMi3alifo ii BIUIMBY Ha PafiOeKOJIOridHy OGCTaHOBKY Ta 3MOpOB’S
HaceNeHHs YKpaiHy.

36epesxeHHsT PO3TAIIOBaHOI y 30HI BIACHOCTI A4 HACTYMHOTO a0 NOTOYHOro OOGMEKEHOTO
BUKODHCTAHHS, CTBOPEHHS NPUMHATHHX YMOB IUII KOMIUIEKCHOI peabimirtanii 30HM, TakoX €
3aBAHHAM JUUILHOCTI i YIIPABIiHHA Ha TEPUTOPLAX 30HH.

" IIpasoBa Ta HopMaTHBHA 0a3a Konnenmii

Konyenuus axmusnocmu Yeproborivckoit 3onvt u 06uiuii n00x00 K 60CCManoenenitio 30Hsl OMuyicoeH s,
Huxomaii . IIpockypa
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MATEPHAJEY YEPHOBLLILCKOIO CEMHAHAPA II0 BOCCTAHOBJEHHIO ITPH IIOMOIIHE PACTUTEJEHOCTH M IIPEOBPA3OBAHIIO
BHAOMACCEI B SHEPTHIO

HopmaTueHO-nipasoBy 6asy Koxmenmii cxiafamoTh nonosxerHs Koncrurymii Vkpainx mozno
. TIOZONAHHA HacHakis YopHOOHILCEKOI KaTacTpodu, 3axonu Yipairnu “TIpo npaBoBH# pexuM
TEPUTOPI, IO 3a3HANA PaAIOaKTHBHOIO 3a6pynHeHHz BHACIIZOK qopno6mn:cr:1<01 karactpodu’,
“TIpo cTaTyc i comampHull 3aXMCT IPOMAAsH, SKi MOCTPAXHATH BHACHINOK quHOGHJIbeKOl
xaractpodu”, “TIpo BuacmicTs”, “IIpo0 OXOPOHY HaBKOJMIIHEOTO HPHPOIHOTO CEPENOBHING,
“TIpo BHKOpMCTaHHs SHEpHOI eHeprii Ta papianmiiiny Oesnexy’, “IIpo moBokeHHA 3
PajioOaKTHBHHUMH  BiIXOZaMu “IIpo 3a0e3neyeHHsT CAHITADHOTO Ta eMineMiONOTidHOTO
Onaromoyausl HaceneHHs , “l'Ipo pamamanm saxwcr Jnoauny”, Hopmu papianiiinoi Oesnexu
Vxpaiau (HPBY-97), a Takox iHn 3akoH# i HOpMaTHBHO-TIPABOBi aKTH YKpaiHy.

Konuenmis 308u BiguysxeHHs i 30Hu Ge3ymoBHOro (060B’3K0BOr0) BiACENEHHS HA TEPHUTOPIl
VkpaiHK € CKJIaIOBOK YaCTHHOKIO pPO3poOKH crparerii, HalpaBieHOI HA NOXOJAHHS HACIIAKIB
Yoprobunbchkoi katacTpodu. BimmosinHo #o uporo, mpw ii pospobui BpaxoBaHi OCHOBHI
nonosxenss Konnennii HauioHanbHOi Gesnekn Yxpainm, Konnenmii aepXaBHOTO peryJrOBaHHs
GesmexH i ynpaBliHHS AAEPHOIO Tay33io B Ykpaini, Konnemuii 3axucTy HaceneHHs YKpaiHu y
38’13ky 3 YopHOOUILCHKOI0 kaTtactpodor, Konmenmii YopHOOHIECEKOT 30HH BUTIYKEHHS Ha
tepuropii Vkpainu, Kommemmii 3marTss 3 excmuiyarauii YopuoBumecbkoi AEC, Crparerii
crabimsanii crany o6’exta “Yxpurrs”, Crparerii neperBopeHHs 06’ekTa “YKPUTIS”, MPOEKTIB
Konnenmii 30au GesymoBHOro (060B’s3k0BOro) Bimcenmenus B JKurommperkiit i KuibBcpkii
obnactsx Ta KoHnernmii MOBOmKEHHS 3 pafi0aKTHBHUMHE BifXonaMH 06’ekTy “YKpUTTs”, iHIIHX
IOKYMEHTIB.

Mera gissibHocTi B 30Hi i 3aBnaHHsS mOAO JiKBigamii |
Hachigkis YopHoOuIbLebKOT KaTacTpodu

T ONOBHO METO0 AisNbHOCTI B 30Hi, CIPIMOBAHOIO Ha JHKBiNaNito Hacyinkis - JopHoOuapcekoi
xaractpodu, € mepeBefieHHs ii B eKONOriYHO Ge3mevynuii CTAH HA BCIX eTanax YTPUMAaHHS, @
TAKOX KOMILIEKCHA DeabimiTais 3a0pyIHEHHX TEPUTODIi 3TiHHO 3 BU3HAYEHHMH KPUTEDISMU

peabimiTarmi.

BxJrafaHEs KOIITIB, TPYAOBHX T4 MaTepiaybHUX PECYPCIB Y BCAKY AUIBHICTE Ha TepuTOpii 30HU
3AIMCHIOETHCS 32 IPUHITUIIOM IPIOPUTETHOCTI, BUXOMIIH 3 €KOHOMIYHHX MOXIMBOCTEH KpaiH.

OCHOBHIMH HampsIMKaMH AiSUTBHOCTI B 30Hi €:

- 3aXMCT HaceneHHs YKpaiHu BimmosinHo ;o HopM papiamiiinoi 6esmexu HPBY-97 Bin
PamiOaKTHBHOTO OMNpPOMIHEHHS], IDKepeia SKOro 3HaxoXaThcsd B 30HI, @ TAaKOX pamiaumidHui
3aXHCT MEePCOHAIY, IO NPAIFOe B 30Hi; :

- MepeBeleHHs TEXHOIeHHHX 06’eKIiB, IO MICTATh pafioaKTHBHI MaTepiayy, B
KOHTPOJIbOBaHUI CTaH; : S

- ofMexeHHs Mirpanii pajiOHYKIIAB Ta 3MEHUIEHHS BILIMBY pPaliOaKTHMBHOIO
3a6pyAHEH s Ha HABKOJIMIIHE CEPENOBHUIIE IULIXOM JaHAMAadTOBINHOBIEHHA, 3 NPIOPUTETHUM
BHKOPHCTAHHIM IPHPOXHUX IIPOIECIB CAMOBIIHOBIICHHS,

- BeZIeHHS PafiOeKONOriYHOr0 MOHITOPHHTY HaBKOJIMINHBOTO CepeNoBHINa B 30Hi;

Konyenyus axmusnocmu Yeprobeinvckoit 3onst u 06wy n00x00 K 6occmanosnenuo 3onvt omuyscoenus
Huxomait 1. TIpockypa
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MATEPHAIIEL YEPHOFBLIBCKOI'O CEMIHAPA IO BOCCTAHOBJIERMIO ITPY HOMOIHY PACTHUTEJIFHOCTH B HPEOBPABOBAHHIO
BFHAOMACCEI B S3HEPTHIO

- 3a0esneuenns indpacTpyKTypH, HeOOXimHOI AJs MATPHMAHHS AiSUTLHOCTI i1 mepedy-
BaHHA B 30Hi, OCKLIbKY 1i cydacHa iHbpacTpyKTypa He HOBHOK MiPOIO BiTIOBiNae BUPOOHMIUM i
COL{IaIbHIM 3aBIAHHAM, nepe,u6aqunM Konunermiieto;

- IIPOBEHEHHS Hayrcosnx JOCIIIPKEHB;

- 30epesKeHHsT ITaM’ STOK iCTOpii Ta KyJbTypH, KYJILTOBHX CIIOPYA i KNagOBHIN,

Hpusnum gisabaocti B 3oni
Hisnbuicte B 30Hi Mae 6yTH crpsMoBaHa Ha MIHIMI3aNil0 eKONOriYHOI HeOesnexkw 30HU A

HaceneHHs YKpaiHy 3 YpaxyBaHHAM eKCTPEMANbHUX IPUPONHUX CUTYallil, IMOBIDHUX B YMOBAX

DErioHY, B TOMY 00Cs131, B SKOMY 1Ie MOXIIMBO 1 eKOHOMIYHO BUNIDABAZHO.

B 3oni nomyckaerbcs BUKOHAHHA Jmme THX pobir, ki He NOTIpINYIOTH DPafiOEKONIOTIgHY
oO0cTaHoBKy, 3a0e3meuyioTh HIIBUINEHHS DPIBHS _BHMBYEHOCTI il NPHUPONHO-TEXHOTEHHOTO

KOMIUIEKCY i He MepemKODKAIOTh DAliOHaNbHOMY BHKODWCTAHHIO Tepuropii 30HH B
MaiibyTasoMy. O6caru panianiiino HeGe3neunux pobiT 1 YHCENbHICTH MepCOHATY 30HM MaroTh
Oyt MiHIMaNbHO HEOOXimHHMMH Ta OOGTPYHTOBaHMMH BHXOASIH 3 HPHHIMILY BUIIPaBAAHOCT
(HPBY-97), 3a sixuM Taki poOOTH He NOBHHHI 3/1MCHIOBATHC, SKINO MKOKA Bix Hux Oinbima 3a
KOPYMCTb. '

Bynb-sixa mignpHICTE V. 30HI  IMOAO HOKPANIEHHS pamiOeKONOrigHoi OOCTAHOBKHM Mae
3AIMCHIOBATUCS 3 MAKCHUMAJNLHHM BUKODUCTAHHAM IPUPORHUX (akTopiB i MIHIMAILHUAM

BTPYYAHHAM V IIDUPDONHE CEPENOBHIIEC.

Cucrema pamianiiiHoro 3axucry, Oasyro4dmch Ha AiFOYWX- HOPDMAaTHBHUX HOKYMEHTaX, Mae
BpaxoByBaTH crenudiky ymoB 3oHmM. 3axomu mMOZO pamialifiHOrO 3aXWCTy MarTh OyTH
PO3paxoBaHi He JIMINE Ha IepcOoHaN 30HH, a i Ha HAaCeNICHHS - 0 3aBepIIeHHs HOTo BiICENIeHHS
i3 3onn. 3a yMOB HasBHOCTI B 30HI HEKOHTPOJHOBAaHUX (PO30CEPEMKEHMX) IDKepeN pamiatii
MiHiMi3anis 103 30BHINIHBOIO i BHYTPIITHBOTO ONMPOMIHEHHS Mac 3a0e3NedyBaTHCH PEXHMOM
JOPCTKUX OOMEXEHD i afiMiHICTPaTHBHOTO KOHTPOJIO.

Bupo6uu4a aisabnicrs B 3oni

OcHoBHi BUAK BUpOOHNYO] HisbHOCTI B 30HI TIOB’513aHi 3:

- excIulyarauiero Ta 3HATTIM 3 excmuyartanii YAEC (nmepenfadaerbcs criopymkeHHs
Heobxinaux 06’€KTiB i MpOBeNEHHs BIAMOBIAHKUX PO6IT);

- 3abesneueHHsM crabimzanii craHy o6’exty “VKpuUTTS’ Ta IEPETBOPEHHS IHOro B
€KOJIOTi4HO Oe3nedHy CHCTEMY;

- CTBOPEHHAM KOMIUIEKCY BEpOOHHMLTB 3 mepepobku Ta 30epiranns PAB 3ony;

- YEOCKOHAJIEHHAM iH(PACTPYKTYpH, sika 3a0e3medye MsuIbHICTh y 30Hi;

- peayizaui€ro IiHIKMX HanpsaMKiB BupoOHMuOi AiumHOCTI B 3oHI (B TOMY 4HCIH
Jie3aKTHBALl), IO He CymepeyaTh AF0UOMY 3aKOHOAABCTBY YKpainu i uitt Konnenigi. -

JiancHicTe mmnpweMcTs y 30HI Mae IHIIraTH CTPaXyBaHHIO 3TMHO 3 YHUHHEM
32KOHOMABCTBOM.

Konyenyun axmuenocmu Qepnobsunscroii 3one u oGuuii no0xod Kk eoccmanoenenuro 3015t omuyscoeHun
Huxogmait 1. ITpockypa
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MATEPHAJE! YEPHOBBLIHCKOIO CEMHHAPA II0 BOCCTAHOBJIEHIIO TIPH IIOMONIH PACTHTEJIEHOCTH A IIPEOEPA3OBAHMIO
BHOMACCHI B 3HEPIHIO

ToBoMKeHHS 3 PaiCAKTHBHUMH BifX0aMH Ta BIiANPaNbOBAHHM SIACPHUM NAJHBOM

06’ exraMul YTBOPEHHS Ta MICHSIME 30CEPEDKeHHs pafioaxTuBHuX Binxonis (PAB) y 3oHi €:

- 06’ext “Yxpurrs’; : '

- YopHobumsceka AEC;

- creriayibHO obanHaHi MyHKTH noxoBauHs PAB;

- IYHKTH THMYACOBO] JIOKai3anii pafioakTHBHUX BifXOMHIB;

- NyHKTH cHelianbHoi 06poOkM TpaHCIOPTHHX 3ac00iB;

- BUPOOHHUITBO, OB’ sI3aHE 3 JIe3aKTUBALIEI0 OONaAHaHH s, MaTepialiB TOIIO.

Crenudixa Bimxonis y 30Hi 3yMOBJieHa BEJMKOI0 KLNBKICTIO Ta Pi3HOMAHITHICTIO Bimxozis, ix
CKJIAJIOM, aKTUBHICTIO 1 HasIBHICTIO Y BifXOHax aib¢a-BUIPOMiHIOBAYIB.

Crpareriqnyym 3aBHadHaM Mmoo nosomkerss 3 PAB y 3oui e MiHiMI3alis IKiANMBOTO BILTMBY
06’exTiB 3 PAB Ha HaBKOJUINHE CEPENOBHINE 3 iX IPUBENEHHSM y MaiOyTHEOMY B €KOJIOTiMHO
Oe3meynmii CTaH.

ITe 3aBraHHA peamizyeThes HULTXOM:

- po3pobeHHs cxeMu NOBOmKeHH: 3 PAB, mo mepenfauac CTBOPEHHS TEXHOIOTIHHOTO
IMKITY 3 X mepepoOKy Ta KOHTPOJILOBAHOTO 30epeKeHHS;

- CTBOpPEHHSI €EAMHOI crcTeMu OOJIKY BCIX pafiOaKTHBHUX BiAXOXIB;

- JIKBixamji, nepenoxosaHHs 4y Jokayzaiii scix ITTJIPB s 3B;

- BHJIy9eHHs BHCOKOaKTHBHMX BimxomiB 3 o6’exry “Yikpurra® Ta ITTJIPB mumsxom
PO3MOILUTY Ha siepHO HebeaneuHi Ta suepHoOesnedHi; ' :

- 3a0e3neueHHs KOHTPOJILOBAaHOro 30epiraHHs KOHTeHHEpIB 3 BHCOKOAKTHBHUMH
BiIXOHaMHM y CXOBHINAX IIOBEPXHEBOrO THILy, OCHAINEHMX CHCTEMaMH IEpEBaHTaKEHH,
KOHTpOJIO Ge3nexu;

- THMYacoBoro 30epirasus BimnpaupoBaHoro smepHoro nammBa YAEC y cxoBumi
‘imgmpaiboBadoro smepHoro mammea (CBSII) Ta CBAI-2 YAEC, 6yniBHHITBO SIKOTO
nepenbagaerses IIporpamoro podit mozno 3uATTA 3 excityarauii JAEC.

JUnst MpaBHJIBHOTO IIOBOJDKEHHS 3 BHCOKOAKTMBHMME Bimxonamu y 30Hi moBuHHI OyTH
CTBOpEHI:

- IOHNAaTKOBE CXOBHINE BHCOKOAaKTHBHOrO sjmepHoro mnamusa (BAII) emeprotmoxis
YAEC;

- KOMILJIGKC COPTYBaHHS Ta KOHTeiiHepw3alii BHCOKOAakTHMBHuX BimxoziB (BAB), mo
BHUIy4aroThes mix yac BuseneHHs YAEC 3 ekcruiyatanii Ta nepesefieHHs o6’ exry “Ykpurrsa’ B
eKooriano Oe3neunuii cTay;

- CXOBHINE AJI1 THMYACOBOTO 30epiraHHs KOHAUIIOHOBaHNX BAB;

- TexHivHi 3aco0M mucTaHUiiHOrO BIydeHHT BAB 3 06’exty “YKpuTTs®” Ta NyHKTIB
NMOXOB3aHHS PpAamiOaKTHBHHX BIOXOAIB 1 NPHUKIANHOTO KOHTPONIO MarepiaiiB, 1o
PO3HOAIIAFOTHCS. '

Jna s3Oupanms, copryBaHHs, mnepepoOkm, 30epiraHHs Ta HOXOBaHHA HH3BKO- 1
CEpEeNHbOAKTHBHMX BIIXOAiB 30HH, y TOMYy 4MCH 00’ekTy “YKpHTTA’, HOLIBHO IIPOXOBXHUTH .
pobOTH HO CHOPYZXEHHIO CIELiaNbHOr0 KoMiiekcy “Bexrop” BHXOASUM 3 IPHMHIMIY
BUIIPaBIAHOCTI T2 EKOHOMIHMX MOXKIIHBOCTEH.

Konuenyus axmuenocmu Yeprobrnbcroii 3onst u o6uwuii nooxod k eoccmanoenenuio 30Hsr omuysicoenus
Huxonait Y. TIpockypa
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MATEPHAIEY YEPROBELIHLCKOIO CEMIHAPA IO BOCCTAHOBJIEBMIO IIPH IIOMOIIA PACTHTEJIEHO CTH H IIPEOFPA3OBAHUIO
FAOMACCEI BOHEPTHIO

Huspxo- i cepexﬁboaKmBm BifXOMM MOMNULTOTECH 32 KaTeropiiMu Ha Taki, IO
TIepepobIIoThCS, 1 Taki, INO He MiZULATaloTh Hepepooi.

Bigxonu, mo He HepepobITIOTECA, HAXOAAT IO CXOBHIN MPHIIOBEPXHEBOTO TUILY, OGIanHaHux
CHCTEMaMH IIEPEBAHTAXCHHS Ta KOHTPOJIO.

Bi}lXOZ(H, o HGpCpOGJUHOTbCX, B TPAHCHOPTHO-IIAKYBaJIbHHX KOMILICKTaX HAAXOOATh HaA
TEXHOJIOTTYHi JIiHi{ CIAJOBAHHS, IPECYBAHHS, IIEPEIUIABIICHHS T2 IEMEHTYBaHHA.

'KowuTeitnepu 3 nepepoOIeHNME BiXOHaMy IOBHUHHEI PO3MIIYBATHCs Y CXOBHINAX IOBEPXHEBOrO
THIy, OONafgHaHHUX CHCTEMaMH nepeBam‘a)KeHHsI IPEHaXKHOTO BOZOBiABEAEHHS IaT4MKaMH

KOHTPOJIXO 34 CTAHOM BiTXOJiB.

Jins npuiiHATTS OOrpyHTOBAaHMX pilleHb INOXO mopaibmoi crabimsauii abo mepemoxoBaHHA
BizxomiB, o 3HaxonaTees B ITTJIPB, noBuHeH 30iHCHIOBATHCS PaAiONOTIYHIH MOHITOPHHT.

ITopansime moBomxeHH 3 PAB ta BAIl Mae BupimyBatucs BigmoBigHO mo JlepixaBHOI
[IPOrpaMH IIOBOJDKEHHS 3 PafiOaKTUBHUMH BiXONaMH.

ITepepobka Ta 36epiraHHsa NPOMHCIOBHMX 1 MOOYTOBMX BiIXOZiB, IO YTBOPIOIOTECA B 30HI B
npoueci SKUTTENSUIHHOCTI IIEPCOHAIY, 3AIMCHIOIOTHCS BIANOBINHO AO YHWHHUX HOPMATHBHHX
JOKYMEHTIB.

‘Hayxogi gocaimrenus B 3oni

Tepuropiss 30HH € YHIKANLHUM HayKOBHM IIOJIFOHOM JUISI BUBYEHHsI BILIMBY PamiOaKTHBHOIO
3a0pyzHeHHs Ha pocmmnnﬁ i 'rBaanHm‘& CBIT, a TaKOX JIOAMHY. BinmosixHo no Kommurexcuol
TpOrpaMu pobiT mo nikBinauii HacHinkKiB aBapn Ha YoproOmmecekii AEC y 3oHi HaykoBi
JOCHDKEHHST BIACHUMHU CHJIAMH 1 3 3aJydeHHsM MiAPSAHUX HayKOBHX OpraHisaiiif i ycTaHOB
pukxoHyBaym: O6’ext “Yixpurrs”, MHTL] “Vikpurrs”, JII YoHITM, ACII “YoproOmibic”,
JCII “Texuouenrp”, JACII “Kommexc”, CMCUY-16, III “PAJIEK™.

Hayxopi mocmimxeHHs B 30HI NPOBONATHCS i KOOPAMHYIOTBCS B paMKax HanioHambHOL
nporpamu JikBimarii HacninkiB YopHoOmischkoi katacrtpodu. Ilepenbagaerscst MOMIIHBICTH
IpOBeZeHHs B 30HI HAyKOBO-ZXOCHIAHUX POOIT B MeXaX IHIMMX AEp:KaBHMX Ta HAIiOHAJIBHHX
Tporpam, AKIIO HeoOXimHICTh 1 AONUILHICTH BHKOHAaHHA iX Ha 1 TepHTOpli E€KOHOMIUHO i
exonorigo ofrpyrrosani. HeofxinHo possuBaTH MiKHApOAHE CrHiBPOGITHHIITBO 3 METONO
migBuInenHs eQeKTHBHOCTI HAyKOBMX MNOCHIIKeHb B 30Hi, COPAMOBaHHX Ha MiHIMi3auito
HacninkiB YopHoOmIECEKOI KaTacTpodu.

B 30Hi HeOOXiHHO CTBOPUTH BiANOBiAHY 0a3y Ul HMPOBEASHHSI HAYKOBHX AOCHimKeHb. Lli
JOCHIfXESHHA MAlOTh Ha METi HE TUTbKY 3MEHIIEeHH: Haciiakie YopHOOmIBCHKOI KaTacTpodu, a i
oTpuMaHHs indopmanii, HeoOXinHOI I YIOCKOHANICHH CHCTEMH pamialiiiHOl Ge3mexwy.

Konyenuyus axmusrnocmu Ieprobuuscroii 3onst u obwuit nodxod K eoccmanosnernuro 3006t omuyarcoenus
Huxomait Y., Tipockypa
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MATEPHAJE YEPHOFRLILCKOI'O CEMUHAPA II0 BOCCTAHOBJIEHHIO ITPH IIOMOIIH PACTATEJIGHOCTA U IIPEOFPASOBAHHIO
FHOMACCEI BOHEPTHIO

3abesneueHHs MOKIIMBOCTEH po3p0OKH HaykOBO OOIPYHTOBAHMX 1 aflCKBATHHX PillleHb BUMarae
CHCTEMHOTO HifXOAy i1 y3arajbHEHH:I BCBOrO KOMIUIEKCy iH(bopmanii, OTpHMaHOI PISHUMH
BiZIOMCTBaMH 1 OpraHi3aiiIMuU. :

B ymoBax obmexenoro ¢inancysauns IIporpaMoro HayKOBHX KOCHipKeHb ¥ 30Hi nosuHHI 6yTH
BU3HAYEHI TPIOPUTETH (QYHAAMEHTANBHHX 1 HPUKIAAHHX HAyKOBO-HOCHAHMX i JOCHAHO-
KOHCTPYKTOPCHKMX poGiT 110 BCix HanpaMkax Jikeinauii Hacmimkis YopHOOuIbCHKOI KaTacTpohu
i3 3a0e3meuenysM ix noTpiOHIMU pecypcamu. Ilepenbauaerncs: '

- TpoBeNeHHs (YHIAMEHTANbHUX i NPHKIANHUX JOCHIKEHb IIO BCBOMY KOMILIEKCY
npobneM 3 METOK OTPUMAHHS HOBHHX i BCEOIYHO OOTPYHTOBaHMX NpPAaKTHYHHX BHCHOBKIB i
PO3p0OKH KOHKPETHIX 3aXOHiB;

- TPOBEHNEHHS HOCTIMKEHb, pO3pOOKa KOHLENTYalNbHHX OCHOB i NPakTHYHMX 3aXONiB,
anpofaiisi po3pobieHux 3axofiB MO peabimiTalii TepuTopiH, 3abpymHEHHX pazxioaKmBHnMH
pevoBHHAMHM (BKJIFOYAIOYM BCi aCHEKTH IPHPOXOKOPHCTYBAHHS, HpO)KPIBaHHH i BupoOHmIOi
NiSMBHOCTI HACEJIEHHS);

- ¢yuKuUioHaNbHE B32€MONOIOBHEHHS MOHITOPHHIY HAyKOBHMH ROCHUDKEHHAMH 3
METOI0 pOo3poOku Mozeneil craHy i 3MiHH pafioeKONOriuHHX cuTyauii Ha 6ast emuHOi
daxrorpadiunoi cucteMu 30HHY;

- HOCHi/DKEHHs, COPsIMOBAaHI Ha HAyYKOBY MiATPHMKY pea6ini'raui1‘7mmc Kom‘psaxonin a
TaKOX AOCIIKEHHs Ipo6JIeM anarnTalii IPIPOAHIX KOMIUIEKCIB i 610cHcTeM MO 3MiH XapakTepy
TEXHOTEHHOTO HaBaHTAKEHHST,

- y3aranbHEHHS Belel inpopmanii, sx omnmano’i paHiIme, TaK i OTPHMAaHOI B pe3yJIbTarTi
HOCTIDXEHb, TPOBEACHNX B 30H Pi3HUMH BIOMCTBaMH i1 OpraHi3aliamy;

- mnpoBeneHHs (YHOAMEHTAJIbHHWX | NpPHKJIAJHUX KOMIUIEKCHMX MOCIIDKEHb MO
BUBYEHHIO BIUIMBY pajiallii; 30KpeMa -MajiiX RO3 OIPOMIHEHHS, Ha 3HOPOB’Sl JIORMHH Ta
HABKOJIMIINHE TIPUPOAHE CEPEHOBHILE.

Bupu nisuxeHocTi, 3a60poHeni y 3oHi
Bignosiguo mo 3akony Ykpainu “IIpo npaBoBuil pexxuiM TEPUTOPLL, IO 3a3Haja PaniOaKTUBHOIO
3a0pynHenns BHacHinok YopHoOmwberkoi karacTpodu” y 30Hi 3200pOHAETHCS:

- TIOCTiHHE NPOXUBAHHSA HACECHHS,

- 3pificHEeHHS MISUTBHOCTI 3 METOI OHEPIKAHHS TOBapHOI NMpOXyKUil 6e3 cremianbHOro
mosBony MinicTepcTea YKpaiHyu 3 NHTaHb Ham3BM4aiHMX CHTyaliifi Ta y CIpaBax 3aXHCTy
HaceneHHs Bix Hachiakis YopHOOMNBECHKOI XaTacTpodu;

- nepebyBaHHT 0cCi0, 5Ki He MalOTh Ha Iie CHEeIliaJIbHOrO HO3BOJY, 4 TaKOXK 3AIyYEHHS J0
pobotu ocib 6e3 ix 3roxy;

- BUBE3€HHs 3a Mexi 30HH 0e3 crenjabHOro JO3BOIY Mimcrepcrna Vxpainu 3 nmuTaHb
HaJ3BHYaMHKMX CHTYallif Ta y CIpaBax 3axHCTy HacelleHHd BiX Hacimizkie YopHOOMNBCHKOI
KaTacTpodH 3eMil, TJIMHY, HICKY, TOpdy, ZEPEBUHH, a TAKOX 3aroTiBJil i BUBE3€HH POCIIMHHUX
KOpMIB, JIKapCBHKIX POCIHMH, FpHOIB, srin Ta iHmMMX NPOAyKTiB HOOITHOTO JNICOKOPHCTYBaHHA, 32
BUHSITKOM 3pa3KiB UL HAyKOBUX IiNeH; :

- BHHECEHHs a00 BHBe3eHH: i3 30HM OyAiBeNbHMX MaTepialiB i KOHCTPYKIii, MaIuuH i
YCTaTKyBaHHs, JOMAIHIX pedeit Tomo Oe3 crnemanbHOrO n03Boiy MinicrepcrBa YKpainu 3
IUTaHb HaA3BUYAWHMX CHTyallif Ta y cCnpaBax 3axMCTy HACeJeHHs  Bil HaCHiAKiB
Yoprobmiecekoi karactpodu;

Konyenyus axmugnocmu Yepuobsuibcxoii 3omst u o6muii 100x00 x occmanosnenuto 3011 omuysicoenus
Huxonait . TTpockypa
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MATEPUAJE JEPHOFEUILCKOT'O CEMVHAPA IT0 BOCCTAHOBJIEHMIO IPH IIOMOIIIH PACTHATEJILHOCTH HIIPEOFPA3OBAHIIO
BHOMACCE! BOHEPTHIO

- BENeHHI CLIbCHKOIOCHONApCHKOL, JHCOrOCHOXapChKoi, BUpOOHM™OI Ta iHIIOL
ISIBHOCTI, a Takoxk OymiBHHITTBO 6e3 cnenianpHOro Ao3Boiy MiHicTeperBa YkpaiHu 3 NHTaHb
Ha[3BHYAMHUX CHUTYyaliif Ta y copaBax 3aXHCTy HACEJCHHST Bif HacmaxiB YopHOOMIBCHKOL
karactpodu; '

- BUIIACaHHS XyHoOH, MOPYINEeHHsA cepefioBHINa nepeOyBaHHT AUKHX TBAPHH, CIIOPTHBHE
Ta IPOMHCIIOBE IIOMIOBaHHS Ta pUOAIECTBRO;

- TIeperiH TBapuH, CIUIAB JICY;

- Gynp-Axa iHIIa AisUTBHICTB, sKa He 3a0e3nedye pexxuM paniatiiiHoi 6esneky;

- niepebyBanHs 0Ci0, sIKi MAXOTh MEIVYHI IPOTHIIOKA3aHHA A1 pOOOTH B KOHTAKTI 3 KEPeNaMu
ioHi3yr04Oro BHIPOMIHIOBaHHA a00 IOAO SKHX BCTAHOBJIEHO NMPHYMHHMI 3B’S30K IHBANIMHOCTI
3 poboramu mo xikBimamji Hachinkie apapii Ha WopHoOmubchkiZi AEC, OCKIIBKM BOHH €
npoceciitHo XBOpUMH.

Y upomy moxnazi 3a 6paxoM 4acy s He Maro 3MOry noBHicTIO BHKiacTth Konnenmito 3oxau. ToMy
51 30CEPHNHUB yBAry HIEpEBAXKHO Ha THX ii MOJIOXKEHHSX, SIKi MalOTh BiOHOLIEHHS 0 TEMH HAIHOIO
ceMiHapy, a came 10 OOroBOpIOBaHHS YKPaiHChKO-aMEPHKAHCHKOTO IIPOEKTY «Ukraine/USA CEZ
Surface Contamination Clean-Up Program» Ta IHIDWX aHAJOTIYHHX INpoekTiB . IliarotoBka Ta
BUKOHAHHS ILBOTO NPOEKTY, a- TaKOXK IHHIMX HpOEKTiB, HalfeHux Ha peablmiTamito 30HH,
noBurHi 6a3ysatuch Ha Konuenuii sonu. Ii monosxenns, oco6nuBo Ti, IO BUKNAjEHi BHILE,

JaX0Th 3MOry CHOPMYIIOBATH

peKoMeHaanii D0A0 MiAXO0AIB Ta TEXHOJOTIH , AKI MOXKYTH OyTH 3aJIydeHi AJIsl €K0JI0ro-
exoHOMigHOI peabiniTanii Jonn:

* OesmonHi TexHONOTI aB0 TexHONOTI 3 MiHIMANLHUM YHCENBLHICTIO EPCOHATY (mpuHLMN
MiHiMi3anii Geposarpar);

® TEXHOJIOril, 1[0 Jal0Thb EKOJIOTIYHIA etbelcr (Hanpm(nan dikcauis, , oqucn(a, 13onauis

PajiOHYKMIAIB Ta iH.);
TEXHOJOTTi 3 MAKCUMaTbHUM BHKOPHCTaHHAM NPHPONHHX TIPOLIECIB;

® TEXHOJOri , WO MiHIMaNPHO HAHOCATh IWIKOLY HABKONHIIHEOMY CEpelOBHINy (He
NIePEeBHINYIOTH 3BMYaHHI IPHPOXOOXOPOHHI HOPMATHUBH);

® TEXHONOril , WO HAI0Th exonontmo = Nponykuiro ( HaNpHKIaL HAYKOBO-TEXHIYHY

md)opmamfo €NIEKTPOCHEPIifo, “YKCTI" CLIBTOCHNPOAYKTH , Ta iHIIE);

® TEXHONOTIl , IO MOXYTh NaBaTH 3a0pynHEHy DamiOHYKIiXaMH MNpOAYKLIIO, ane
MpoAykuis GyAe BHKOPHMCTOBYETBCA B MEXaX 30HH BimuyXeHHs ( Hampuxmap sk
KOMIMOHEHTH B OeTOHax 1. KOHTelHepiB ©NpH CKIagyBaHHi Ta 3aXOpOHEHHI
PanioaKkTHBHUX BIEXOHIB);

e TexHoNorii ,AKi € peHTabebHi 200, Kk MlHIMyM CaMOOKYIIHI.

Konyenyus axmusnocmu Ieprobsunscroii 3onvt u 0bwuii nooxod Kk soccmanosieruro 3onst omuysicoenus
Huxonait M. Tipockypa
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PROCEEDINGS OF THE CHORNOBYL PHYTOREMEDIATION AND BIOMASS ENERGY CONVERSION WORKSHOP

I . CHORNOBYL PHYTOREMEDIATION AND BIOMASS ENERGY CONVERSION PROGRAM

Swfac:e Contamination Clean-Up of Land in the Ukraine CEZ
V. Tokarevsky ‘
Technocentre, Ukraine

George Courville
Oak Ridge National Laboratory, Oak Ridge, Tennessee

ABSTRACT

This presentation describes a program being jointly proposed by Technocentre, a State Special
Company in Ukraine and Oak Ridge National Laboratory, a Department of Energy laboratory in
the U.S.A. The primary objective of the program is to return land in Ukraine restricted by
radionuclide contamination to immediate economic usé through production of biofuels for
conversion to electricity and thermal energy. Other objectives are to promote good conservation
practices on the large quantity of land required for the project, to reduce the likelihood of
radionuclides spreading outside the CEZ, and to develop new, high-yield, high-uptake
phytoremediation systems. The program combines enhanced phytoremediation systems with
technologies for growing and harvesting high- yield plantation crops for biofuel, technologies for
converting biofuel to electricity and thermal energy, and technologies for immobilizing
radioactive wastes. Some of these technologies exist commercially, some have been
convincingly demonstrated, and some still require research to demonstrate their viability. In
addition, the systems concept that has been developed for handling contaminated biofuels is
novel, and the magnitude of the effort clearly exceeds any that has yet been attempted. These
issues present difficult challenges for system design and technology selection. The program
assessment, which precedes project start-up and is structured to address these issues, is critical.

To assure that all viable options for different technologies are conscientiously considered during
the assessment requires substantial teamwork among professionals in Ukraine and the U.S. In
addition, an Advisory Committee with international representation will provide oversight for the
entire program.

" A preliminary program strategy was presented. This includes, after the assessment, a 1 MWe
start-up system and a 10 MWe operational system. The 1 MWe start-up system will likely be
based on conventionally available conversion technology and initially will use existing forest
biomass. This will allow a quick start-up which is important to the Ukrainian partners; it will
provide an opportunity to establish better forest fire management practices in the Chornobyl
Exclusion Zone; it will provide experience needed for development of a project infrastructure,
and it will allow time to establish plantation systems and to make appropriate changes in the
program based on operating experiences. The 10 MWe system is sized to meet the electricity
needs of the Chornobyl Zone and the Center for Treatment and Disposal of Low-Level
Radioactive Waste, which is under construction. This system will use biofuel principally from
plantation crops and will likely involve upgrading the 1 MWe unit as well as adding a second
conversion process involving an advanced design, for example, hydrogen production from steam
reformation and a fuel cell converter. The last phase of the program, growth to final capacity (as
much as 500 MWe using all available Chornobyl forests and plantation biofuel), will proceed at
a pace dictated by the ability of Ukraine to allocate funding and to obtain private sector and
foundation funding. :
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MATEPHAJIEI YEPHOBBLILCKOI'O CEMMHAPA ITO BOCCTAHOBJIEHUIO TP IIOMONIY PACTHTELHOCTH H IIPEOSPA30BAHHIO
BHOMACCEI B DHEPI'HIO

qEPHOBI:IJIbCKA}I IIPOI'PAMMA HO ‘BOCCI‘ALHOBJIEBHIO IIPH lIOMOIlIH PACTHTEJH:HG CTHH
= HPEOBEABGBAHEIO’BHONIACCHBBBEPI‘KIO " -

Ouucmra nogepxnocmmozo 3azpasnenus 3emnu 6 YepHobvinbckoii 3one omuyrcoenusn na
Yrpaune

B. Tokapescxmit

Texnonentp, Ykpanna

Jhxopmx Koypemiwt
Oxpumxckas Hanuonansaas Jla6opatopus, Ox—Pumx, mrar Terreccn

BBIIEPKKH

Hacrosmmit noxnaz JaeT ONECaHNe IPOrpaMMEL, IpeiIaraeMoii COBMECTHO TeXHOMEHTPOM,
Cnenuamssoi I"ocynapcrerroii KoMuarmeit Ha Yipaune, 1 Oxpumkckoi HammoransaoH
JlaGoparopueli, HayIHO—HCCIENOBATENLCKAM yIpexaeHueM MAHACTEPCTBA SHEPIETHKH
Coenpnennsix IltaroB AMeprxu. OCHOBHAS 3371a9a IPOrPaMMEL 3aKIIFOYaETCS B HEMETICHHOM
BO3BpAlIEHHN B SKOHOMHYECKOE HOIB30BaHIE HOABEPITIAXCS 3arPSI3HEHAIO PANROHYKIHIAMEA
3eMeIb Ha YKpauHe IyTeM IPOA3BOJICTBA OHONOrHIECKAX BAAOB TOIUIABA IS Npeo0pa3oBanus
B 9JIEKTPHUYECKYIO H TEILIOBYIO SHEprHro. JIpyraMy 3aia9aMHy SBILTIOTCS CHOCOOCTBOBAHHE
IpHEeMaM COXpaHeHrs Ha OOIHPHEIX IPOCTPaHCTBaX TPeOYEMEIX I IPOEKTA 3€MED,
CHIDKEHHE BEPOSTHOCTH pa3sHOCa pafHOBYKIMIOB 32 Iipeseis! Y30 u pazpaboTka HOBBIX,
BEICOKOIPOIYKTHBHBIX, 00JIaAOMFX BEICOKOH MOTIOMAroMIel CIOCOOHOCTEIO CHCTEM
BOCCTAHOBJICHH IIPY IOMOIIH PaCTHTENBHOCTH. [IporpaMMa coderaeT yayImeHHEE CHCTEMEL
BOCCTaHOBJICHHS IIPH HOMOIINY PaCTHTENHHOCTH C TEXHONIOTHSIME BEIPAIIABAHASL B YOOPKH
BEICOKOIIPOAYKTHBHEIX BO3ACNBIBAEMBIX KYJIBTYP UL OHOTOILIABA, TEXHOJIOTASIME |
1peobpazoBaHys 6HOTOILIMBA B ANEKTPHIECKYIO B TEIUIOBYIO 3HEPIHIO H TEXHOJIOTHIME
CBSI3BIBAHMS PAHOAaKTHBHEIX OTXOXOB. HEKOTOpPEIE B3 3THX TEXHOJNOTHI CYIIECTBYIOT B
KOMMEpPYECKOM IPHMEHEHHH, HEKOTOPEIE OBUIH yOeAuTeIHO ceOst MOKa3alH, a2 HEKOTOPHIE eIle
noTpe6yIOT UCCIeOBaHMi A TOT0, ITO6EI HPOAEMOBCTPHPOBATE CBOO HH3HECIOCOOHOCTS.
ITomumo sTOTO, 65T paspaboTana HOBaTOPCKAsI CACTEMHAS KOHIENIHAS UL OOpaIIeH s ¢
3arps3HEHHBIME BHEAAMH OMOTOILIHBA, M Pa3Max paboT COBEPIIEHHO SCHO HPEBEIMIACT JHOOHIE,
IpeANpHHIMABIIHECS JO CEF0 BPEMEHH. STH IPEIMETHI CTaBST CJIOKHEIE BOIPOCHI B XOHE
pa3paboTKH CHCTEM H BEIOOpa TEXHONOTHY. Upe3BbdaiiHO BaXKHOIM ABIIETCSA ONEHKA
IIpOrpaMMEl, ITPENIIECTBYIOMAs] Hadally IPOeKTa, H HOCTPOSHHAs TakuM 00pa3oM, ITOOE
HO3BOJIMTE Pa3peNIATh 3TH IpobiaeMsl. [l Toro, 9ro0kI CKpYIyie3HO pacCMOTPETH BCe
XKH3HECTIOCOOHEIE BADHAHTEI IT0 Pa3IIHEIM TEXHOJIOXHAM, TpeOyeTcs HalpsOKeHHAS
KOJUIeKTHBHAA paboTa, KOTopad JOIDKHA NPOBOAUTECS CHENHANHCTAMA Y KPAHHEL H
Coenmnernerx I1lraroB AMepuxu. B nononaenue, Koncynsrarusasii Komarer ¢

MEXIYHApONHEIM HPELCTaBATENBCTBOM 00ECIETNT Ha30p 32 BCEl MpOrpaMMOoi B IENIOM.

brlna npencTaBiieHa NpeaBapATeNbHAs CTpaTerus nporpaMmMel. OHa BKIFOYAET B ceOs, BCIEH 3a
IIPOBEACHHEM OLICHKHM, CTapTOBYIO CHCTEMY MOIMHOCTEIO 1 MBT, B HeiicTBYIOMYIO 3aTEM
cacremy Ha 10 MBTe. CTapToBas cucTeMa MOmHOCTHIO 1 MBT, BeposaTHO 6yeT OCHOBEIBATEC
Ha KOMMEPYECKH JOCTYITHOM TEXHONOIHE HpeoOpa30BaHUs K NEPBOHAYAILHO GyHeT
YTHIHM3HPOBATH CYIIECTBYIOLIYIO JIECHYIO 6HOMaccy. 310 AacT BO3MOXHOCTE 1) obecmeunTs
OBICTpOE HaYaso paboT, UT0 ABJAETCS BaXKHEIM Uil YKPAUHCKEX IapTHEPOB, 2) HaTh
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MATEPHAJIBI YEPHOFBLILCKOI'O CEMHHAPA 10 BOCCTAHOBJIEHHIO ITPH IIOMOIIN PACTHTEJIBHOCI'H.PI IIPEOBPA30BAHHIO
BHOMACCEHI B 3HEPTHIO

BO3MOXXHOCTB paspaboTarh yIydIIeHHEIE METOE! GOPEOEI C JECHBIME TOXKAPaMH B
YeproOBUILCKOH 30HE OTIYKIEHHUS, 3) OaTh ONEIT, HeOOXOMMMEL! UL pa3paboTku
EH(PACTPYKTYPEI IPOEKTa, H 4) 06eCIeIrMTs BpeMs Ha CO3/IaHHE BO3/ENBIBAEMEIX CHCTEM H
BHECEHHE COOTBETCTBYIOIIMX H3MEHEHWHH B IPOrPaMMYy, OCHOBEIBAIOIIIXCSI Ha OIBITE BENCHHS
pabor. Pasmep cracrems: MomuOCTEIO 10 MBT, onpezneines ¢ TeM, aro6rI o6eceunTh
noTpe6HOCTH B AneKTposHeprry YepHoORUIECKOH 30HE! # LleATpa no obpaborke u
3aXOPOHEHHIO HU3KO—PaIHO0aKTHBHEIX OTXOHO0B, HAXOIIIEroCs B IPOLECCE CTPORTENECTRA. OTa
crcTeMa GyHeT HCIOE30BaTh GHOTOIUIMBO, MPEAMYIIECTBEHHO OT BO3HEIBIBAEMEIX PACTEHAM, H
BEPOATHO OyHET BKIIFOYATH YCOBEPIIEHCTBOBAHKE 3HEProbiioka MomuocTE0 1 MBTe., a Taroke
Zo6aBlIeHEre BTOPOro mpollecca Dpeoopa3oBaHns ¢ IPEMEHEHHEM IEePEXOBOTO IIPOEKTa,
HanpEMep, BEIpaboTKH BOAOPOZA B pe3ybTare pe(popMEATa Hapa X Ipeobpa3oBarelid Ha
TOIUIMBHOM eMenTe. Ilociennsas dhasa npoexTa, NOCTIKEHHE OKOHYATENBHOH
IPOH3BOJCTBEHHOM MOmHOCTH (BIIOTH 10 500 MBT. ¢ HCIONE30BaHHEM BCEX HMEIOIIEXCA B
YepHOOEUIE JIECOB H HOIyIAEMOI0 OT BO3ACIEIBAEMEIX KyIBTYP OHOTOILIHBA), OyAET
IPOBOMHATECH B TCYCHHE TaKOro BpEMEHH, KOTOPOC 6y,ueT OIpPEACIATLECA BO3SMOXHOCTIAMH
VKpawHE B aCCHTHOBaHHH CPEXCTB M MONYYSHUH HX CO CTOPOHEI YaCTHOTO CEKTOpA ¥ YaCTHBIX

[1119): 91(03: %
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PROCEEDINGS OF THE CHORNOBYL PHYTOREMEDIATION AND BIOMASS ENERGY CONVERSION WORKSHOP

Program Objectives

@ To return land contaminated by radionuclides
to immediate economic use through energy
production from biomass.

@ To establish a biomass production system
in CEZ that

& promotes good soil conservation practices

7 reduces the likelihood of radionuclides
spreading outside the CEZ

7 accelerates soil clean-up through
phytoextraction of radionuclides
by plants and trees.

[ —————————

Systems Concept for 10 MWe Chornobyl
Exclusion Zone Program

Phytoremediation

Surface Contamination Clean-Up of Land in the Ukraine CEZ
V. Tokarevsky, G.E. Courville
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PROCEEDINGS OF THE CHORNOBYL PHYTOREMEDIATION AND BIOMASS ENERGY CONVERSION WORKSHOP

UeS|gn [Ssues :

. ¢ Biofuel
Production/Processing
@ Phytoremediation @ cropsitrees

i bioavailability land/water ecology
of radionuclides 0
g ability of plants to @ fuel beneficiation
:;l:::: ::Illt : e o Waste handling
productivity g recyclinglimmobilization
8 g disposal

5 exposure risks

@ Energy Conversion
w combustion/gasification
7 mobileffixed processors
= contaminant control @ System .
7 risk analysis
 economics analysis
5 infrastructure

il ———— ]

CEZ Program Activities Already Underway

Forestry and Technological Concepts of Collection,Transport and Primary Processing of Forest
Biomass In the Chornobyi Zone.

Nikolai D. Kuchma and Yuriy M. Murav'ev
State Company "Chornobyi'Les, Ukraine

(C Avplications of Phytoremediation Technologias in Real Conditions of the Chomobyl Zone )

Boris V. Sorochinsky
National Academy of Sciences, Ukraine

Agrotechnological Aspects of Leaf-and-Stock Biomass Usage for Generation of Energy

Gennady A,. Lobach

Technocantre, Ukraine

Radiological Analysis of Project Implementation in the Chornobyl Zone

Andrei N. AI’ChlpOV anda Nikolai D. Kkuchma
Chornobyl Scientific Center for International Research, Ukraine

( Procass Complex for Reprocessing and Repository of Radioactive Waste "Vector™ )
Sergei G. Prichurin ]
Technocentre, Ukraine
o ornl

Surface Contamination Cleén—Up of Land in the Ukraine CEZ
V. Tokarevsky, G.E. Courville
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PROCEEDINGS OF THE CHORNOBYL PHYTOREMEDIATION AND BIOMASS ENERGY CONVERSION ‘WORKSHOP

Program Strategy
Year Activity Iand Power

Creation of the Advisory
1998 Committee

1998 Assessment

1999 Pilot —
1 2
2000 Implementation 5 km

2001 Low Power
Implementation 50 km? 10 MW

2002

2002 Middie Power

Implementation | 2000km* | 400 MW
2003 in CEZ

ASSESSMENT

@ Purpose:
To ensure
£3 A"no-regrets” policy relative to environment and health
&3 Selection of appropriate technologies and partners
£3 Selection of an optimum implementation strategy
@ Results:
&3 Develop a business plan for implementation of all phases
£a ldentify and develop strategies for
_ environment and health issues
_+ regulatory and licensing issues
Y major technical issues
® Total Cost:~ $1,272,000 (to be cost-shared)

[ | ——

Surface Contamination Clean-Up of Land in the Ukraine CEZ
V. Tokarevsky, G.E. Courville
51



r Deployment}

[ @ (1.) Biomass Production and Environmental Protection/Remediation )
Flow Chart
Existing
Blomass Forests
[ B
ultivated [ [}
lants l ‘
| . ‘ Deveiop _.L_I—
~ System
et {I SollsJI et Review L Strategy Check
S A Dataand o Technology
R&D Land viabllity To
[ | Conaramiond [ORisKSafety  [program
Modeling oCost Revl
Existing Toundwater Proj oReallty Chack|  eview
Future Surface Regulatory .
Contamination Water Issues
Hardware
Options
[Stakeholder |
] Involvement
Criteria for To .
- w:’m —®Conversion
eXHO Chart
EB"TP

Surface Contamination Clean-Up of Land in the Ukraine CEZ
V. Tokarevsky, G.E. Courville
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PROCEEDINGS OF THE CHORNOBYL PHYTOREMEDIATION AND BIOMASS ENERGY CONVERSION 'WORKSHOP

a . . . . N
9 (2.) Biomass to Electricitry Conversion Flow Chart
Criteria from
Biomass Production
Chart

Assess modifications
of neartumkey
Systems for Pliot

Assemble

Systems/ Pesess :}g‘xblmgnﬁmm

on L n

Comperens o G e

Blomass Cost Study Review

Conversions Technlcal Viability
Identify

nt/Systems
and Altemative High
Potential Concepts
exXHO
. —
( N

& (3.) Waste Management Flow Chart

A

Surface Contamination Clean-Up of Land in the Ukraine CEZ
V. Tokarevsky, G.E. Courville
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PROCEEDINGS OF THE CHORNOBYL PHYTOREMEDIATION AND BIOMASS ENERGY CONVERSION WORKSHOP

{7 "CHORNOBYL EXCLUSION ZONE CONTAMINATION CHARACTERIZATION . . -

i

Radiocesium Inventories in Forest and Grassland Communities Near Chornobyl

Ron Chesser
Savannah River Ecology Laboratory, Aiken, South Carolina

ABSTRACT

Scientists from the Savannah River Ecology Laboratory have collaborated with experts from the
Ukraine for environmental monitoring and radioecology studies in the Chornobyl region since
1992. Research has focused on science and technology issues relevant to the nuclear energy
industries of both the United States and the Ukraine. Recent work has focused on mammalian
communities because 1) mammals are the most radiosensitive class of animals, 2) mammals at
Chornobyl have the highest internal concentrations of cesium than any “natural” populations
studied thus far, and 3) mammals are good models of potential risks to humans if exposed to
similar environments. The highest concentrations of cesium are found in the Red Forest
Woodlands, 2 km WSW of Reactor Four. The average cesium concentration per animal was
2.4 pCuries (330 Becquerels) per gram of muscle tissue. Daily dose estimates from internal
sources of cesium range from 1 to 60 milliGray per day, with an average of 8 milliGray per day.
Cesium concentrations in the Red Forest are estimated as 1,200 Curies per square kilometer. The
adjacent Grassland is estimated at 630 Ci/km?. Areas near the reactor, but to the south and east,
have much lower cesium levels (estimates of 5 and 10 Ci/km? at sites 2 km East of the Reactor .
and at Chistogalovka, respectively). Regions 30 km East of the Reactor have only about

0.5 Ci/km?. Mutation rates are low despite the high doses of radiation. Effects from all mutations
found thus far can be compensated by the organisms. However, reproduction in an area of the
Red Forest Woodlands is very low (1.5%) when compared to populations 30 km East (40%).
Cesium concentrations in organisms and in soil are highly variable over short geographic
distances. Highly precise mapping of radionuclide concentrations are needed to adequately
characterize distributions in biomass as well as in abiotic portions of the Chornobyl Zone.
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. BHOMACCEI B OHEPTHIO

Paduayuonnas sxonozus u nonosicenue 0ei ¢ Guonozuieckumu 6030elicmeUAmMu 6
Yepnobsinsckoii 3one omuyarcoenus

Pon Yeccep
Oxonoruyeckas Jlaboparopus Casanna—Pusep, Aliken, mrar ¥0xuast Kaponuna

BHIIEPKKH

Vuennre u3z Dxoyorudeckoii JIaboparopun CapanHa-PrBep COTPYAHWYAIH CO CIIELHAIMCTAMHU
13 YKpauHEI B HCCIIEHOBAHILIX II0 KOHTPOIIIO 33 COCTOSHHEM OKpYKatomeii Cpenbl U
pamuMaLMOHHOMH 3koyoruy B YepHOObUIECKOM perrone ¢ 1992 roma. Hccnenopamus
bOKyCHPOBAIMCEH HA HAYYHBIX U TEXHONOTHMYECKHX BOMPOCAX, OTHOCAIIMXCA K aTOMHOIM
sHepretrke kak Coenunenneix Ilitatop AMepuxi, Tak u Ykpausel Henasras pabora
KOHIIEHTPUPOBAJIaCh Ha 300LE€H03aX MIICKONHTAIOMUX NOCKOIBKY 1) MICKONHTAIOINHE
IpeAcTaBIOT Co00i Haubonee YyBCTBUTENbHBIH K BO3ACHCTBUIO Paiualiuy KJIacC KUBOTHEIX,
2) muexonuTarornye B UepHoOBLIE MMEIOT HauboJee BEICOKYIO BHYTPEHHIOI KOHIEHTPALIHIO
Le3Hs, ueM Jno0ast Apyras U3y4eHHas KO CErONHSINIHErO NHA «ECTECTBEHHAD) MOMIYJISU U 3)
MJIEKOIIHTAOIIYE MTPEACTABILIFOT XOPOIMYI0 MOZENb NOTEHIHAIBHOTO PUCKA MU JEOACH, €CIH Te
IIOABEPrarOTCs BO3AEHCTBHUIO CXOXKMX YCIOBMHM okpyxkaromeii cpexpl. Haubonee Bricokue
KOHIIEHTPAIMH [1e31s1 00Hapy KEeHE! B IECHCTOH MECTHOCTH, HocAmeH HasBanue Prpxero Jleca, B
2 kM k 3C3 ot uerBepTOro peakropa. CpenHss KOHLEHTPALUs NEe3us Ha OXHOIO XXKUBOTHOTO
cocrasjsuia 2,4 mukpoxiopu 1 330 6exkkepenp Ha rpaMM MBIIEHHOH TKaHU. ExxeHeBHast H03a
o6yuenys, nojiydaeMas OT BHYTPEHHHX HCTOYHHKOB IIE€3HsL, COCTABIIET OPHEHTHPOBOYHO OT 1
1o 60 MunMrpaii B XeHb CO CPENHHM 3HaueHMeM 8 MIDUIMIP3H B AeHb. KoHileHTparys nuesus B
Proxem Jlecy onenmBaercs B 1.200 xropu Ha kBagpatHeii krstometp. Hpunerarompie jyra
HMEIOT KOHLIEHTPALIUI0 OPHEHTHPOBOYHO 630 Kn/xm?. TeppuTOpHM BOKPYT PeaKkTropa, HO
nexaimuye K 10Ty ¥ BOCTOKY, HMEIOT 3HAIUTeIIbHO GoNee HusKie YPOBHY 1e3wsi (OPUEHTHPOBOYHO
5 1 10 Ku/km® B MecTax B 2 KM K BOCTOKY OT peakropa i B UHCTOrOJIOBKE, B COOTBETCTBYIOMEM
nopsizike). Pernorer B 30 KM K BOCTOKY OT peaktopa metot ToNbko 0,5 Ku/id’. Hactora
MyTaluil HU3Ka, HECMOTPS Ha BRICOKME HO3HI pajuatmy. DhdeKTH OT Bcex 0DHAPYKEHHBIX JI0:
Cero AHsA MyTauuii MOryT ObITh KOMIIEHCHPOBaHEI OpraHmsMamu. Bmecte ¢ TeM, ypoBeHs
pasMHOxeHna B oOnactu Peokero Jleca ouens Hu30K (1,5%) No CpaBHEHHUIO € NOIYSLIHHAMH B
30 xM k BocTOKy (40%). KoHLeHTpaimu 11e3us B OPraHu3Max ¥ B IOYBE MIHPOKO BapbUPYIOT B
TIpefeNiax KOPOTKIX reorpaduyeckix paccTosauii. [l anexBaTHOTO ONpeNeNeHns
XapaKTEPUCTHK pacrpenenenus B 6uoMacce u B abuoruueckoii qacru HepHoObUBCKOIH 30HE!
HeoOX0OUMO IIPOBEEHHE YPE3BEIMaHHO TOYHOIO KapTorpagipoBaHysi KOHIIEHTpalLluit

PanUOHYKIMIOB.
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Radiocesium Inventories in
Forest and Grassland
Communities near Chornobyl

Ronald K. Chesser

University of Georgia/ Savannah
River Ecology Laboratory

Conclusions

 Cesium inventories are highly variable
within and among regions in 10 km Zone

 Precise mapping is needed to realistically
characterize radionuclide distributions

e Dose rates to mammals are often extreme,
far exceeding proposed DOE regulations

» Biological effects are negligible except in
isolated regions.

Radiocesium Inventories in Forest and Grassland Communities Near Chornobyl
Ronald K. Chesser |
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Radioecology
Biological Endpoints of
Radiation
Molecular Changes
Organelle Effects

Cellular Responses
Organismal Effects

Population Responses
Community Effects

-]

-]

Mammals of
the Chernobyl
Zones

Radiocesium Inventories in Forest and Grassland Communities Near Chornobyl
Ronald K. Chesser
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~ Internal Dose from Cesium

+Although Ces:um n is known primarily

Trumas Oua

as a gamma emitter, virtually all of
the dose imparted to a mouse is from

the two Beta particles
/ -6
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Radiocesium Inventories in Forest and Grassland Commumtles Near Chornobyl
Ronald K. Chesser
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Red Forqst
Woodland

Internal Dose
Estimates

2 km to
Reactor 4

Biological Sink
Population Maintained Only by Migration
from Outside Areas

Radiocesium Inventories in Forest and Grassland Communities Near Chornobyl
Ronald K. Chesser
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134137 Cesium Inventories

Cesium Cesium
Location - Per Animal  Per sq kilometer

Red Forest Woodland | 2.4 uCi 1,200 Ci/ sq km

* Glyboke Lake 0.8 uCi 370 Ci/sqkm
* Red Forest Grassland | 0.6 uCi 630 Ci/sq km
 Chistogalovka 0.01 pCi 10Ci/sqkm
* 2.0km EastReactor | 0.0l pCi | 5Ci/sqkm

30 km East Reactor | 0.001 uCi 0.5 Ci/ sq km

Radiecesium Inventories in Forest and Grassland Communities Near Chorrnobyl
Ronald K. Chesser
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PREGNANCY RATE

July 1997: Red Forest = 1.5 %k
July 1997: Controls = 40.0 %

- Radiocesium Inventories in Forest and Grassland Communities Near Chornobyl
Ronald K. Chesser
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lonizing Radiation / Chemical Clastogens / mutagens

; ~>- Cellular Defense Mechanisms

Ox. Scavengers

DNA Lesions (nuclear & mtDNA)

Impaired i i
Repair DNA Repair Induction

AA ‘Accurate Repair

Substitutions, Deletions, ) Aneuploidy

Additions, Substitutions,

Transpositions \

* Oncogene Induction <> Apoptosis (p53)

CANCER Cell Death

Genetic & Biological Effects

» Chromosomal Variations : NONE FOUND
* p53 Gene Variations : NONE FOUND

» Mitochondrial DNA : HETEROPLASMY
» microsatellites : SLIGHT VARIANTS

* 24 Gene Isozymes : NO DEVIATIONS
* DNA Strand Breaks : SIGNIFICANT*

* Fecundity: REDUCED IN SOME AREAS*

Radiocesium Inventories in Forest and Grassland Communities Near Chornobyl
Ron Chesser
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L . ' CHORNOBYL EXCLUSION ZONE CONTAMINATION . CHARACTERIZATION. -

Radioecological Feasibility of the Project
Andrei N. Arkhipov
Chornobyl Scientific Center for International Research, Ukraine

Nikolai D. Kuchma
Chornobyl Scientific Center for Internatlonal Research, Ukraine

The distinctive features of the character of the Chornobyl accident (thermal blast, burning of
communication lines and graphite, releases with materials used for quenching) predetermined the
diversity of the forms of radioactive fall-out. Changes in the meteorological conditions of the
region during this period lead to the uneven distribution of various physical and chemical forms
of radionuclides released into the near zone of the Chornobyl NPP and into the so-called cesium
spot zones. The imposition of these factors on the heterogeneous landscapes and the soils and
agrochemical characteristics of the territory gave rise to a complex radioecological situation not
easy to classify. However, the high degree of radioecological uniqueness of the territory of the
Exclusion Zone was created by the presence in the fall-out of insoluble fractions of radio-
nuclides associated with the thermal matrix and other released dispersed materials.

The most wide-spread was radionuclide contamination of ground and vegetative cover, agricul-
tural lands and forests. Radioactive contamination of vast territories caused an ecological situa-
tion unprecedented in terms of complexity, the leading role in which are played by radiation and
hygiene aspects, and also by changes associated with the absence of man and the cessation of
agricultural activities.

A unique combination of technogenic features of the Chornobyl accident and natural conditions
on the territory of the Chornobyl Exclusion Zone was formed, which created the possibility and
feasibility of conducting large-scale multi-variant studies in real life conditions in a very wide
range of areas of applied radioecology, agroradiology, radiobiology and medicine, radiation
monitoring, handling of radwastes, and the recultivation and rehabilitation of the land and natural
objects.

System of Radioecological Studies of the Exclusion Zone and Evaluation of Methods for Its
Rehabilitation

The system of radioecological observations is tasked with the acquisition and analysis of infor-
mation on the basis of which administrative decisions on the use of territories may be adopted.
This system has several levels:

e acquisition and analysis of primary information, which entails the creation of data bases,
the integration of results of analysis into GIS, the evaluation of processes of migration of
radionuclides in ecosystems, the radiobiological and general ecological consequences on
ecosystems, and the study of systems of land tenure.

e analysis of feasibility and methods of use of contaminated lands which examines several
scenarios - the zone as a sanctuary, agricultural land use, timber industry, the use of the
territory as a range for scientific studies and tests of special equipment, and the use of special
plants to reduce the amount of radioactive substances in the soils. Of course, these scenarios
are not mutually exclusive but complement one another.

e economic estimates first and foremost are based on a comparison of costs of the scenarios
with the use of protective counter-measures and scenarios with conventional technologies.

o GIS analysis and risk assessment are the basis for decisions adopted.

Radioeclogical Feasibility of the Project
Andrei N. Arkhipov and Nikolai D. Kuchma
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Territorial Characteristics of the Chornobyl Zone

The surface of the Chomobyl Exclusion Zone, according to 1997 borders, constitutes slightly
more than 2,000 km?. Prior to the accident, artificial and natural agrocenosis occupied as much
as 80% of the territory of the 30-km zone. Of this, 36% was forest area, dry farming occupied
27.5%, and meadows and grassy swampland occupied 18%. Approximately 10% of the territory
was occupied by lands under development. Artificial reservoirs occupy a relatively large surface
area, 2.8%.

Within ten years after the accident, the structure of the land had changed: land area covered by
forest increased 12 - 13%. Territory under use by various technical facilities, roads, etc.,
increased somewhat. The contemporary state of the land structure is indicated in Table 1.

Table 1. Land Structure of the Exclusion Zone

Land Category %
Land covered by forest 48.5
- coniferous 38.6
- deciduous : 9.9
Land not covered by forest 33.3
- burnt lands 3.5
- cleared lands 0.3
- fallow lands, meadows (former 29.5
agricultural)
Other woodlands 1.1
Swamps, sand plains 2.6
Water objects 8.5
- including cooling ponds 1.2
Populated areas, roads, etc. 6.0
TOTAL: 100.0

Radioecological Characteristics of the Exclusion Zone

The zone surrounding the Chomobyl NPP has been contaminated with *’Cs with a density
greater than 15 and with *°Sr above 2 Curie/km?. In addition, fuel plutonium, levels of fall-out
of which along the periphery of the zone constitute approximately 0.1 Curie/km?, is dispersed in
this zone.

The maximum levels of contamination in direct proximity to the Chomobyl NPP reach 1 000 -
1,500 for *’Cs, 600 - 800 for °°Sr, and 2 - 3 Curie/km? for 2*2** Py, respectively.

At this time, there is more than 21 million Curies of radioactivity in the territory of the Exclusion
Zone, including 20 million Curies at “Shelter,” 380,000 Cunes at PVLRO, PZRO, 250,000
Cunes in the territory (of this, 129,000 Curies in the form of OSr, 120,000 Curies in the form of
37Cs, and approx1mate1y 1,000 Curies in the form of 2*?**Pu), 4,500 Curies in the cooling
Pon d, and in the time 1mmed1ately following the accident, infusible short-life and medium-life
#.143 Ce, 997r, and *Nb, which for the most part also created the exposure dose.

In the near zone, in areas with surface distribution of °Sr, ground waters have been contami-
nated up to concentrations of 10-20 Bg/liter, and in areas of surface disposition of radwastes
their contamination reaches the following values: for *’Sr up to 43,000 Bg/liter, for *’Cs up to
0.4 Bg/liter, and for 2° "2 Py up to 0.6 Bqg/liter. The time it will take for contaminated ground
waters to run off from the area of localization of PVLRO into the Pnpyat River i Is estlmated at
more than 50 years. A moving front of elevated concentrations of *°Sr from 10 to 10°®
Curies/liter has been observed from several PVLRO burial trenches down-river at a distance

Radioeclogical Feasibility of the Project
Andrei N. Arkhipov and Nikolai D. Kuchma
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greater than 25 meters. The total run—off of %5r and *'Cs in the Pripyat River outside the
Exclusion Zone is approximately 90 and 60 Curies/year, respectively.

Migration of Radionuclides in the Soil - Vegetation System

The vertical migration of radionuclides in the soils leads to their redistribution in the root layer of
the soil and simultaneously with physical and chemical processes changes the amount of radio-
nuclides accessible for absorption by the vegetation. In meadow and forest ecosystems, the
speed and nature of migration processes differ significantly. The primary factors affecting proc-
esses of migration are soil type, its physical and chemical characteristics, and also the level of
moisture of the territory. A two—component convection—diffusion model of distribution of ra-
dionuclides over the soil profile has been developed to estimate intensity of migration (Table 2).

Table 2. Parameters of the Model of Migration of 37Cs in Soils of the Exclusion Zone

Soil, water regime d, fast- DI, D2, Vi, V2,
migrating m?/yr m?/yr slow— fast—
fraction migrating | migrating |

soddy-podzolic, dry meadow 0.45 0.09521 | 0.04577 | 0.00941 0.27283
soddy-podzolic, steppe meadow 0.31 0.0233 | 0.25033 | 0.06025 | 0.08663
soddy-podzolic, green meadow 0.38 0.05927 | 0.14874 | 0.01752 | 0.36925
soddy—-podzolic, moist meadow 0.31 0.07603 | 0.16733 | 0.08766 | 0.14075
humus—clay, swamp-meadow 0.86 0.15998 | 0.17132 | 0.02307 0.11812
humus—clay, wet-meadow 0.50 0.03748 | 0.11127 | 0.02743 0.21496
peat—clay, wet—-meadow 0.36 0.30961 | 0.00684 | 0.06838 0.06838

The data cited here indicates that in soils of the hydromorphic layer, the intensity of migration
processes is higher than in soils of the automorphic layer. The primary migration of radionu-
clides occurs through fast-migrating fractions, both through the mechanism of quasi—diffusion, -
and through convective transfer. Organogenic soils—peat and humus-clay spoils—occupy a
special place. Migration of radionuclides, both in the composition of the slow-migrating fraction
and in the fast-migrating fraction, is characteristic for these soils. The character of the moisture

. defines the character of the distribution of radionuclides. All of this makes it possible to predict
the arrival of >’ Cs in the vegetation and to assess the feasibility of their use in agriculture.

Observations of the distribution of radionuclides in forest soils have shown that to date (11 years
after the explosion) the primary deposit of radionuclides in soils of conifer plantings is the forest
floor. The maximum content is in the humus horizon (AoH). In deciduous stands, the primary
stock of *’Cs is in the first layer of the mineral component of the soil (Figures 1 and 2).
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The Effect of Biological Features

The values of conversion factors in fallow land with waste grass varjes in the range 0f 0.2 to 0.4
and virtually coincides with these characteristics for dry meadows. For swamp—grass meadows,

this characteristic is in the range 0of 2.5 to 14.1.

A very important feature describing migration of radionuclides in meadow cenoses is the release
of radionuclides into the ground biomass. This characteristic is very important in its use for
vegetative groups, since it makes it possible to assess their capability to introduce radionuclides
into the biological life cycle in the form of feed (Figure 3). These grass groups of meadows and
fallow lands topologically are distributed thus: agropyron and agropyron-reed grass families are
dominant in relatively poor, often arid, soils; sedge—grass, mixed grass—sedge and sedge-rush
families are distributed in various lowlands. The difference in intensity of release is defined not
only by the ability of the vegetation to store radionuclides to a greater or lesser degree, but also

by the biomass in different layers of fauna.
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Figure 3. Removal of **’Cs by Meadow
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Prediction

To predict contamination of vegetation, years of
data have been gathered on the conversion
factors of *’Cs in grasses of meadows of
different types in the territory of the Exclusion
Zone. An analysis of this data indicates that for
the first level of grouping of data, it is sufficient
to use such base soil-landscape characteristics
as the granulometric composition and degree of
moisture (type of meadow, type of growing
conditions), which makes it possible for soils in
the 30-km Exclusion Zone, represented by 608
soil-landscapes, to divided into 14 grou ;1>s for
average values of conversion factors of *

(see Table 3). On the basis of these data, the radioecological danger was estimated for dlfferent
lands, which made it possible to obtain and standardize the radioecological situation in the

territory of the Exclusion Zone (Figure 4).

Table 3. Grouping of Soils of the Exclusion Zone by Degree of Biological Accessibility of **’Cs

Averaged Conversion
Group Granulometric composition of soils Type of meadow Factor, Bg/kg/kBq/m’
1 heavy loam - arid 0.5
2 light loam, moderate loam arid 2.9
3 sandy loam arid 4.2
4 sandy arid . 4.6
5 light loam, moderate loam lowland . 4.6
6 sandy lowland 54
7 sandy loam lowland 54
8 light loam, moderate loam tidal 6.3
9 sandy loam tidal 6.7
10 sandy tidal 7.1
11 turf lowland 8.9
12 sandy loam swampy 12.0
13 sandy swampy 15.0
14 turf swampy - 29.2

Radioeclogical Feasibility of the Project
Andrei N. Arkhipov and Nikolai D. Kuchma
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This schematic map depicts the level of
contamination of meadow vegetation with
137Cs in the even of the uniform
contamination of the territory of the
Exclusion Zone. The intensity of the
coloring in this map represents an increase
in the Conversion Factor.

-4 The next step is the construction of a
complex standardized characteristic of the
territory of the Exclusion Zone, considering
the distinctive features of the intake of
radionuclides in forest and meadow
vegetation. Preliminary information,
making it possible to do this, is the already
provided cartographic zoning of the
territory referring to forest and meadow
biocenoses. '

Probable designs for agricultural use of the territory, subject to technogenic contamination, may
be analyzed in order to determine the direction of the primary use in forestry or agriculture, or
their complete removal from agricultural use. The assessment of radioecological risk makes it
possible to avoid the adoption of unfounded solutions in the rehabilitation of the-territory sub-
jected to radioactive contamination, which prevents the unsubstantiated investment of funds and
prevents excessively optimistic opinions on the rehabilitation of radioactively contaminated
lands. ‘

Figure 4, Standardized Radioecological
Characteristics of the Territory of the Exclusion Zone

Estimate of Biomass and Radionuclides in Them

Estimates conducted considering the system of zoning of the territory according to levels of
ecological and forestry maintenance are cited in Table 4.

Table 4. Estimates of the State of Bioresources in the Exclusion Zone

Zone of Routine Zone of Restricted Future
Ecological and Ecological and Sanctuary

Forestry Operations Forestry Operations Area

Surface area of forested territory, % 342 29.4 36.3
Surface area of meadows and fallow, % 39.2 34.6 26.1

Biomass of timber (1000 tons) 2630 2260 2790
Biomass of conifers (1000 tons) 240 200 250
Biomass of grass (1000 tons) 130 110 80

*'Cs in the territory, Tbk 80 150 1700
'Cs in timber, Tbk 2.9 8.8 46
P7Cs in conifers, Tbk 2.7 7.8 42
B7Cs in grass, Tbk 0.096 0.29 0.89

*°Sr in the territory, Thk 29 70 1200
[ Sr in timber, Tbk 2.2 6.3 39
™ Sr in conifers, Tbk 0.40 1.1 6.9
™ Sr in grass, Tok 0.14 0.41 1.5

An analysis of biomass data as a potential source of energy and raw resources indicates that
actual stocks of timber are higher on an order of one than other biological components of the
phytomass. Considering the cooling property of dry timber, its stocks are equivalent to the

energy of 150 PJ. The overall distribution of the biomass between regions with differing regime
Radioeclogical Feasibility of the Project
Andrei N. Arkhipov and Nikolai D. Kuchma
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of land tenure is in principle identical, which illustrates the feasibility of organizing the use of
resources for each zone individually.

In analyzing the removal of radionuclides by the photomass, it should be borne in mind that their
stocks in coniferous needles, especially radioactive strontium, are equal to, or exceed, the stocks
in the timber. Therefore, the surface phytomass must be completely treated. Biomass of grass
are significantly lower; however, this resource is renewable annually with a high conversion
factor.

Predictive models show that in the very near term, there will be no fundamental changes in the
contamination of forest and grass vegetation with >’Cs. The content of *’Sr will continue to
Srow.

The characterization of bioresources and the radioecological situation makes it possible to make
a conclusion as to the feasibility of the development of this project, since the amount of biomass
is sufficient to satisfy the energy demands of the Exclusion Zone and to turn it from energy
consumption to energy production (an ecologically clean product).

The reclamation in the fuel-energy cycle of radioactively contaminated vegetation biomass,

produced by the territory of the Exclusion Zone, provides a break in the biological cycle of the
radionuclides and, thereby, facilitates the reduction in the effective period of the semi—treated
medium.

Radioeclogical Feasibility of the Project
Andrei N. Arkhipov and Nikolai D. Kuchma
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MATEPYAIE YEPHOSHLIHCKOI'O CEMIHAPA II0 BOCCTAHOBJIEHHIO ITPH ITOMOLIA PACTHTEBLHOCTH Y IPEOEPA3SOBAHIIO
BHOMACCEH! B SHEPTHIIO

Paoduosxonozuieckoe 000cHO8anUE 603MOIHCHOCHIU
GbINONIHEHUA NPOEeKMA ‘
Asnppeit H. Apkunos
YeproOrmbckuit Hayureii IleHTp 110 MeXXyHapOAHBIM HCCIENOBaHIAM, YKpauHa

Huxonait . Kyuma

Yepnobreuibekuii Hayureri IeHTp 110 MexXIyHapOAHBIM HCCIEHOBAHUSIM

OcofenHocty xapakrepa YepHOOBUIBCKOI aBapyH (TEILIOBOI B3PEIB, TOPEHHEe KOMMYHHKALHMHI U
rpaduTa, BHIOPOCH ¢ MATEpPUANIaAMH MCIIONE30BAHHBIMH [UIS TYLIEHHS) [IPEAONPEHILTLITH '
pasHoo6pa3ue GOpM pamHOaKTHBHEIX BhINafeHuil. FI3MeHeHUT MEeTEeOyCIOBHii paiioHa B 3TOT
NIEPHOJ TIPUBENH K HEPABHOMEPHOMY PAacHPENEICHII0 Pa3HEIX PH3HKO-XHMIUECKHX QOpM
PAZHOHYKIHUIOB, BLIOPOIIEHHEIX Ha TeppuToprio OimmkHel 3086 JADC u B 30HBI Tak HA3bIBAEMBIX
1e3ueBbIX IiTeH. Hanosxenne yka3aHHbIX ()akropoB Ha HEOAHOPOAHbIE JaHAIa(QTHEIE U
HOYBEHHO-ArPOXMMHUYECKYE XapaKTePUCTHKY TEPPUTOPUH OOYCIOBIIM CIOXHYIO, TPYAHO
KIaccuUIHPYEMYIO paiHO3KONOTHEecKyo cutyanuro. OfxHako HauboNbIIy0
PaAHO3KOJNIOTHIECKYI0 YHUKAJIBHOCTD TEPPUTOPHY 30HBI OTIYXKACHHA CO3HAN0 HAIHYKE B
BBINAIEHUIX MAJIOPACTBOPHUMOit GpaKiyiy pamuoHyKIHIOB, CBI3aHHBIX C TOILIMBHON MaTpulel u
IPYyrAMH BbIOPOINEHHBIME AUCHIEPIAPOBAHHBIMY MaTePHAIAMH.

Haubosnee MacinTaGHBIM SBHIOCH 3arpA3HCHHC pagOHYKIHAAMH IMTOYBEHHO-PACTHUTECIBPHOT O
IIOKPORBA, CENIbCKOX035ICTBEHHBIX YI"OIIHﬁ U jiecoB. PaguoaxTHBHOE 3arpAsSHEHHUE OrpOMHBIX
TCppHTOpPIf;I cOo3xajio GCCHpeHeHI[eHTHYlO IIO CIIOXKHOCTH SKOJOIHYECKYIO CHTYAlHI0, BOOAYINYIO
poiis B KOTOpOﬁ HrparoT pagHaliOHHO-THTHCHHYIECKUE aCIICKTEL, 8 TaXoKe H3MCHEHIST BbI3BAHHEIC
OTCYTCTBHEM YEJIOBEKA H NPEKPAIMCHHEM XOSiIﬁ(}TBeHHOﬁ AEATCIIBHOCTH.

CdopmupoBanock yHHKaJIbHOE COYETaHHE TEXHOTEHHBIX 0COOSHHOCTEH YepHOOBLILCKOH aBapyu 1
TIIPUPOIHBIX YCIOBUIT Ha TeppuTOpHy UepHOOBLILCKO 30HEI OTUYXAEHHS, YTO CO3LAIO0
BO3MOJKHOCTb ¥ 11eneco00pasHOCTh HPOBENEHHS MHPOKOMACIITAOHEX MHOTOBAPHAHTHEIX
HCCIIEOOBaHMil B PeaNbHbIX YCIOBIAX IO CaMbIM Pa3HOOOPAa3HBIM HaNpaBJICHHSAM IPHKIAHOMN
PanHuOSKOJIOTHH, CEIIBX03PanOJIOTHH, paIIHO6HOJIOI‘I/II/I U MCOHULOHHEL PAgHAIITHOHHOrO
MOHUTOpHHra, O0palenus ¢ pafoakTHBHEIMI OTXONAMH, PEKYIbTHBALMY 1 peabmiiranuu
3eMellb ¥ IPHUPOAHbIX 00BEKTOB.

Cucmema paduoakosioaudyeckux uccrnedoeanull 30HbI OmMYyyxGeHuUs1 U OUeHKa

nymeli ee peabnumayuu

CucreMa pagHosKOIOTHYECKIX HabmoneHuil UMeeT IpenHasHaueHueM cbop U aHamm3

uapopMalHy, Ha OCHOBE Yero MOIyT NPHHUAMATHCS aAMHMHHCTPAaTUBHBIE PEIEHUS 110

HCTIOJIb30BaHHIO TEPPUTOPHUAMHU. DT CHCTEMA UMEET HECKOJIBKO YPOBHE!H:

e cOop nepBu4Hoi HHGOPMANHUH H ee AaHAJIN3, YTO BIJIIOYAET B ce0s co3manue 6a3 AaHHBIX,

' MHTErpammo pe3yabTatos aHanusa B [TIC, OleHKy NpOLeccoB MUrPaliy PagHOHYKIHIOB B

3KocHcTEMax, pagrobuonoruueckue U 06meIKONOrHMECKUe IOCIEACTBHS B SKOCHCTEMAX,
V3yUEHHE CHCTEM 3EMIIETIONb30BAHHUA

Paouonozuueckuii ananus péa.nu3auuu npoexma ¢ Yeprobvnsckoii 3one
Anppeit H. Apxunos, Haxomait [T, Kyxma
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MATEPHAJE YEPHOFBUILCKOT'O CEMITHAPA IO BOCCTAHOBJIEHVIIO IIPH IOMOIH PACTATEJILHOCTY ¥ IIPEOBPA3OBAHMIO
BHOMACCHI B OHEPTHIO

e aHANH3 BO3MOKHOCTH H HyTell HCHOJB30BAHHS 3arPA3HEHHBIX 3eMeJIb: KOTOPEIH
PacCMaTPHBAET HECKOJIBKO CLEHAPHEB - 30HA KK 3aTIOBEZIHUK, CEIbCKOX03AHCTBEHHOS
HCTIONE30BaHHE 3€MENTb, JIECONPOM3BOACTBEHHOE, MCIONB30BaHNE TEPPHTOPHHM KaK IOJIUIOHA
I HAY4IHBIX I/ICCJICI[OBaHI/Iﬁ H HCTIBITAHUH CHeI.IPIaJII/IBI/IPOBaHHOﬁ TEXHHKH, 1 HCII0JIb30BAaHUEC

CIICHHAJILHBIX PacT: SHHH I YMEHLINECHIS] KOJIHIECTBa PAfHOaKTHBHBIX BEIECTB B MOYBAX,
€CTECTBEHHO, ITO YKa3aHHBIC CHCHAPDHK HE B3aHMOMCKIIIOYAIQINME, a B3aMOIONIIOIHIOIHE.

& 3KOHOMHYECKUE OL{EHKH B MEPBYIO OY€pEnb OCHOBRIBAIOTCA Ha CPAaBHCHIH CTOHMMOCTH
CUCHApHEB C MCIOJNB30BAHNEM 3AHTHBIX KOHTPMEP U CHCHApHEB C OOBIMHBIMU

TEXHOJIOTHSIMH.
e THC - ananms, ONEHKA PHCKOB, SBILIOTCS 6a30i A NPHHATHS PemeHui.

Teppumopuaanble XapaKmepucmuKu qepHOGblﬂbCKOlj 30HbI

O61mast IwIomans TeppuTopur UepHOOEIIBCKOM 30HEI OTUYKACHMS COTNAcHo rpanun 1997 roxa
cocraeiser 9yTh Gosee 2000 kM. JI0 aBapuH MCKYCCTBEHHBIE B €CTECTBEHHBIE aTPOLIEHO3b
saHEManH 10 80 % Teppuropu 30-kM 30HbL Y3 Hux seca cocTaBisum 36%, GorapHsie
arporneHossl - 27,5%, jiyra u Tpassble Gonota - 18%. Oxono 10% Teppuropyy 3aHUMANM
MeJIHOPHpOBaHHEIE 3eMiIK. OTHOCHTENBHO CONBIIYIO IUIOIAb 3aHUMANH HCKYCCTBEHHEIC

BOH0EeMHI - 2,8%.

Uepes AECSTH JIET HOCHE aBapUH CTPYKTypa 3eMejb H3MEHIIACh! INIOIANb 3eMeJib, TIOKPHITHIX
JIECOM YBEIMYMIach Ha 12-13%. B HECKOJNBKO pa3 yBEIUYHIIACh TEPPHUTOPH, OTHYXICHHASA 0N

Pa3NYHbIC TEXHUIECKHE COOPYXKEHNs, HOporH 1 T.1. COBPEMEHHOEe COCTOSHUE CTPYKTYPhI 3eMeIb

1i0xa3aHo B Tabu. 1.
Taomauna 1. C'rp}"m'ypa 3eMeJib 30HbI OTIYKIACHHS
KATeropus sement: : e
3emirH, TOKPHITHIE JIECAMU
' - COCHOBBIMH 38.6
- THCTBEHHBIMH 9.9
Semiiu, HE HOKPBITHIE JIECOM 333 °
- TOPENbHHKH '
- BHIpYOKH ,
- sanex, Jyra (ObIBIIME CENbX03YTOfbs)
Jpyrue JecHBIE 3eMIIH
Bojota, necku
Boassie 00BEKTEI
B TOM 4HCHE TPYA-OXIJIANNUTEIb
HaceneHnbie OYHKTHIL, AOPOTH H T.1.

Paduonozuyeckasi xapakmepucmuka 30Hbl omYy>X0eHus1

Oxpyxaromas JADC 30Ha 3arpssnena > Cs ¢ mioTHOCTHIO 6onee 15 1 PSr ceemre 3 Ku/kn®,
Kpome Toro B 3T0#i 30He ObLI AUCIEPTUPOBaH TOIUIMBHEIN IIyTOHHH, YDOBHH BhIIQICHAH
KOTOpPOro II0 neprd)epyu 30HH COCTABILTOT 0k0no 0.1 Kw/xnt .

Paduonozuueckuii ananus peanuzayuu npoexma 6 Yeprobeinsckoii 3one
Annpeit H. Apxumos, Huxona#t [, Kyuma
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MATEPHAIEI YEPHOFHLIHCKOI'O CEMITHAPA IO BOCCTAHOBJIEHHIO IIPH TIOMOLY PACTHTENBHOCTH H IPEOBPA3OBAHUIO
BHAOMACCEIL B DHEPIHTIIO

MakcuManeHBle YPOBHH 3arps3HEHMs B HENOCpEncTBeHHOM 6msoctr o YADC mocTHTraroT Ho
*#7Cs 1000-1500, o *Sr - 600-800 u mo **?**Pu - 2-3 Ku/xm® cOOTBETCTBEHHO.

B HaCTOsIIEE BpeMs Ha TEPPUTOPHH 30HEI OTHYKACHHS HaxomuTcs Goxee 21 mim Ku
paaroaxkTHBHOCTH , B TOM uMcie 20 miH Ku - “Yxprrrie”, 380 tric IIBJIPO,IT3PO, 250 Th1c K1 -
Teppuropus (u3 Hux 129 Teic Ku - *Sr, 120 Th1c- *’Cs, oxoxno 1000 Ku 2***Py), 4.5 Taic Ku --
BOROEM-OXJIAIHUTECNb, & B IIEPBOC BPEMsI TIOCJIC aBaAPHH - TYTOIUIaBKHX KOPOTKOXXHBYIIHX U
cpenuesxusymux “*“"*Ce, *Zr u *Nb, xoTopsie B 0CHOBHOM ¥ CO31aBANH SKCIO3HIHOHHYIO JO3Y.

B 6mrnKHel 30He Ha Y9aCcTKaX ¢ OBEPXHOCTHBIM PacHpeNeNeHHeM “ ST IPYHTOBbIE BOXE!
3arps3HeHb! 10 KoHueHTparuii 10-20 Bx/n, a B paiioHax NpHIOBEPXHOCTHEIX 3axoporenuii PAO ux
3arpsi3HEHHE JOCTHraeT 3HaYenHit: mo * St 1o 43000 Bx/1, mo *’Cs — 1o 0.4 Bx/i, mo 2*?*Py — 510
0.6 Bx/i; Bpemsi BO3MOXKHOIO BBIXOAa 3arPA3HEHHBIX IPYHTOBHIX BOZ U3 PalioHa JOKAJH3aHK
IIBJIPO B pexy IIpunars onenusaercs Oonee, veM B 50 seT. OT HEKOTOPHIX TPAHIIEHHBIX

* 3axopoHenuii [IBJIPO Habmonaercs: nBrbKymuiics HpOHT MOBHIIEHHOH KOHIEHTpaLuy * St ot 10
mo 10 Ku/n mo HAIIPaBJIEHHIO JIMHHUH TOKa Ha paccTosHuu Gonee 25 MeTpos. O6muit BeHOC P°St 1
¥1Cs ¢ BopHBIM IOTOKOM p.Hpﬁnsm: 3a Mpenensl 30Hb! OTUYKIECHMS COCTaBzeT 0koJo 90 u 60
Ku/roz cooTBeTCTBEHHO.

Muzpayus paduoHnyknudoe e cucmeme noyea-pacmeHue

BepTuxanpHas MUTpauysi pafHOHYKIHAOB B IOYBAX MPHBOAKT K HX IEPEPACIPENEIICHIIO B
KOpHEOOUTAEMOM CIIOE IPYHTA U ONHOBPEMEHHO C (PH3MKO-XHMHHUECKIME IIPOLIECCAMH U3MEHSIOT
KOJIMYECTBO PaAHOHYKIMAIOB, AOCTYIHBIX AJIs NOTJIOIEHUSA PACTCHHUSIMI. B JIYTOBEIX H JIECHBIX
SKOCHCTEMAaX CKOPOCTb U XapaKTeP MUTPAIHOHHEBIX IIPOLECCOB 3HAUYUTENBHO Pa3JIyYarOTCs.
OcHoBHEIMH (haKTOpaMU BIMSIOLNHMHE Ha POLECCHI MUTPALIMH SIBIISIOTCS THII IIOYBBL, €r0

Ta6auna 2. Iapamerpsbr Moaeau Marpamus ' Cs B rpyHTax 3oHb1 OTYY/RACHHUS

Tloysa, BOMHEIA pesaM d, mona D1, D2, V1, cmfrox V2, em/pix
6nicrpoMur  cM2/roR cM2/ron - -
pupyromei | MEIUICHHOM  GRICTpOMHT
Gpaxumy HIPHPYIOINA ~PHPyIOmAd

a

JepHOBO-CIa60NOA3Z0MHCTAL, CYXO- 045 . 0.09521 0.04577 0.00941 0.27283

JIYTOBEIA )

JepHOBO-cnabononomcrad, ayrogo-  0.31 0.0233 0.25033 0.06025 = 0.08663

CTemnoi

JEPHOBO-CIIA60NOA30MHCTas, CEIpoii-  0.38 0.05927 0.14874 0.01752 0.36925

JIYTOBEIA

JEPHOBO-CIA00NOA30HACTAS, 0.31 0.07603 0.16733 0.08766 0.14075

YBIAKHEHHO-JIYTOBELA

NEPErHOHHO-TIeEBELL, GONOTHO- 0.86 0.15998 0.17132 0.02307 0.11812

AYTOBEIA ' )

TIEPErHOMHO-TJICCBHI, MOKPO- 0.50 0.03748 0.11127 0.02743 0.21496

JIYTOBRIH

TOp(AHO-TIICCRHIL, 0.36 0.30961 0.00684 0.06838 0.06838

MOKPO-~JIyrOBBIiH

Paduonozuyeckuii ananuz peanusayuu npoexma ¢ depnobsinscxoii 3one
Angpe# H. Apxemos, Huxonait [T, Kyuma
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MATEPHAIE YEPHOBLLIECKOTO CEMITHAPA IO BOCCTAHOBJIEHIIO IIPH HOMOIIH PACTUTEJIGHOCTH X IIPEOEPA30BAHMIO
BHOMACCEHI BOHEPTHIO

GUZHUKO-XUMUYECKHE XapaKTEePUCTHKH, & TaK K€ YPOBEHD YBIAKHEHHA TeppuTopHy. st
KOJMUECTBEHHOMH OLEHKM HHTEHCHBHOCTH MUTrpaiuy pa3paboTaHa ABYKKOMIIOHEHTHAS
KOHBEKTHBHO-IH(Dy3HOHHAS MOIENb pacpeeeH s PafHOHYKIIHAOB II0 HOYBEHHOMY PO(HITIO
(Tabn.2).

IIpuBeneHHEIE JaHHBIE CBHAETENBCTBYIOT O TOM, YTO B ITO4BaxX ruapomMopdHoro psxa
HHTEHCHBHOCTb MHIPAIMOHHBIX IPOLIECCOB BHILIE, Y€M B II0uBaX aBToMopdHoro psaxa. OCHOBHOM
[EPEHOC PANUOHYKIHUAOB IPOUCXOXUT 32 CUeT OBICTPOMHUIPHPYIOINHUX (paKiuii KaK 110 MEXaHU3MY
kBazunuGdysun, Tak H KOHBEKTHBHOrO neperoca. OTAeNbHOe MECTO 3aHMMAIOT OPraHOTeHHbIE
TIOYBBI - TOP(SAHEBIE U NePErHOMHO-TeeBbIe. Ui HUX XapaxTepHa MUIPALHs PaIIOHYKIHAOB KaK B
COCTaBe MeIJIEHHO-MUrpupyomeii Gppakimu, Tak ¥ B cOCTase OBICTPO-MUTPHPYIOIIEH (DpaKiMH.
Xapakrep yBIaXKHEHHUS OIPENEseT XapaKTep paclpeReNeH s paaHOHyKJIHAOB. Bce 3To mo3B0iaeT
COCTABHTE NPOTHO3 HOCTYILIEHYS > CS B PACTHTENBHOCTD H OLEHHTE BO3MOXHOCTb ¥X
HCIIONIb30BaHMS B XO351ICTBEHHBIX LS.
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