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PROCEEDINGS OF TEE CHORNOBYL PHYTOREMEDIATION AND BIOMASS ENERGY CONVERSION WORKSHOP 

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 fiom the soil ~d near-surface groundwater combined with. biomass energy 
production to use the contaminated biomass fiom phytoremediation as well as other 
contaminated biomass in the Chornobyl Site Exclusion Zone (CEZ). 

Fifty-five knowledgeable representatives fiom 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 

. madecovering 

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 Assessment 

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 come 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 abspacts 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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MATEPHAJIbI ~PHOPbIJibCKOrO CEMEMAPA lI0 BOCCl'AHOBJIEAUlO ITPH ITOMOW PACIXTEXbHOCTU H IIPEOWA3OBAHHIO 
EHOMACCbI B 3HEPlXIO 

OCHOBH~X 3a,qaga cemmapa 3a~mo9a~1acb B nposeaemm paccMoTpem E m p e m  KoaqenqHH 
BoccmioBnemm npm IIOMOW p a m e n m o c m  wrrr m n e s e m  PWOHYKJIHA~B ~3 IIOSBLI H 
IIpEIIOBepXHOCTabnr IIOA3eMHbT.X BOA B COScXaHEH C B I ~ I ~ ~ ~ O T K O ~ ~  3HepETE E3 ~ E O M ~ C C M  IIyTeM 
FIC~OJE~~OBSLH~IEI  nonpaeMo3 B xoAe B o c m o m e m  n p ~  IIOMOII~E~ pacmemaocm 
3arpm~emoji ~ H O M ~ C C ~ I ,  a Tame ~pyroi i  3 a r p m ~ e ~ ~ o i i  ~ E O M ~ C C H  B ?tep~06bmc~oii 3 o ~ e  
oTsy>KAeHmrr. 

. 

1. 

2. 
3. 

4. 
5. 
6.  

7. 

Ha npoTxxem cemmapa 6bm ocserqe~b~ m o x e m o  KoHqenqd, TemonoM E qqeii, a 
Tame npeAcTasnem npemaraemIe c n e w m p e  mam. OCHOBO~~ 06cy>icse~~sr c m o  
bpemoxceime, nomoTosnemoe coBMemo TemoqeqoM Y K ~ M  E O K ~ H A ~ C K O ~ ~  
H ~ ~ H O H ~ J I L H O ~ ~  na6opa~op~eii (OHJl). 

CIIECOK YgacTHEnCoB zi ~~HCYTCTBOBSLBIIIHX Ha cemape  c HX aApecaMH B m q e n  B 
3a.KJIIowTeJIbHbs pa3nen. 
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Jim Hartley 
Pacific Northwest National Laboratory, Richland, Washington 

Vladimir Tokarevslq 
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 ( C W P )  Unit 4 accident, which occurred on 
April 26,1986, the primary radioactive contamination of concern is fiom radioactive cesium (137Cs) 
and strontium cos,). The 137Cs and ?3r  were widely distributed throughout the CEZ. 
The attendees fiom 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. 

3. Selection of energy conversion systems and technologies. 
4. Necessary infrastructure for biomass harvesting, handling, tiansportation, and.energy conversion. 
5. Radioactive ash and emission management. 

6. Occupational health and safety concerns for the personnel involved in this work. 
7. 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 fiom related work such as that being performed in Belarus. 
Some of the specific conclusions were: 
1. 

2. 

3. 

Phytoremediation using trees and plants appears to be very limited in its effectiveness in 
extracting 137Cs and "Sr from Chornobyl soils and near-surface groundwater. 
The majority of current biomass contamination in the CEZ is due to direct disposition of 
radionuclides. 
The need for forest management may create an opportunity for biomass to be used in 
combined heat or power plants. 

vii 
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4. Energy conversion systems and technologies should be limited to proven and 
commercially available technologies. Combustion systems that meet this r eq~emen t  are 
currently in use in Europe and the United States. 

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

5. 

Removing radionuclides fiom the soil using trees and plants (phytoremediati0n)'is different fiom 
simply harvesting the existing vegetation on the site and would require different approaches and 
harvesting5andling 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 fkom 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 provenand 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 fiom 
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 s h e  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 
to 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 fkes, 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 successfid, the proposed project should build directly 
from the ongoing Belank 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 fiom Upited States, Ukraine, Belarus, and others would carefully review the 
current 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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MATEPK4JEI %PHOBbllIbCKOrO C E M W A  IIO BOCCTAHORIIEHHIO IIE'EI IIOMOJl@iPACTHTUbHOCTH EI IIPEOEPA30BAHHIO 
FElOMACCbI B 3HEPIU10 

&mM XapTm 
TEXOoKeaHCKa2 Cesep0-3anawrarr HWEOHE~JILHEH ~a6opa~op~u1,  ~ m . 7 1 3 ~ ~  IEE~T B-OH 

I'ocygapcmemm KoMD[= IIO 06pa6ome E s a x o p o ~ e ~ m  CMemamm onacmx OTXO~OB, 
YIcpama 

Brim ToKapeBCId 

IIpHcyxmoBaBme H a  ce-ape ysa- c YIC~~EHLI, 83 Poccm, EenapycH, ~ ~ H E E  H 
Coe,qmeHabIx IIITa-roB h e p m  ripeAocTasmm E H @ O P M ~ ~ H ~ O .  O m  nposem rny6oKoe 
06cyxqeme N Ae6aTbI no c n e p p q m  ~orrpoca~: 

1. Pacnpocqmeme H XapsuCrepmiIe cBoiicTsa PE~,IIJZOI&,OB B q30. 

2. ~@@~KTEBHOCTN ECIIOJ~OBSLHHII AepesbeB E p a c r e d  rn mmeqem m ~ ~ ~ H ~ H E I O E  
I I O ~ B ~ I  pwoammmoro 4e3m (Cs) EI paAHoaKTHBHoro c r p o ~ ~ ~ ~  (Sr). 3ra Aepesbrr E 
pacTem, B CBOIO oqepem, CT~HYT gamm HJIH IIOJIHOCT~IO TOIIJIEBOM AJJX npeo6pa30sa~m 
6~1o~accbs B 3Hepm. 

3. Bb16opa cmxeM H Ternorrod 11peo6pa30sa~m B 3 ~ e p m .  

6. ox pa^^ 3,qoposbx N 6e3011ac~ocm ~ ~ ~ O T H H K O B ,  I I ~ H H E Z M ~ ~  p a m e  B mo i i  pa6o~e. 

7. 3KOHOMI;IseCKkle BOIIpOCbI. 
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MATEPHAJIbI !kPHOEbIJIbCKOTO CEMUHAPA lI0 BOCCTAHOBJIEHMIO IipH IIOMOIIpl PACTHTIUE€IOCT€i H IIPEOEF'A30BAHHIO 
BUOMACCbI B 3HEPlWO 

npewlpHHIfTa ee ~ ~ e c n o c o 6 ~ a x  peaJIE3aqHII B KOMMepSeCKOM ~ac~1rra6e, H ~ O ~ X O A E M O  
pa3pemm-b m o m e  B O ~ ~ O C ~ I  (Texmmecme, ~ K O H O M W ~ C K E ~ ,  H~TIH~[HII pHcKa). IIo C ~ T E  Aena 
~ e 0 6 x o ~ o  H ~ M ~ H U T ~  c~pylrrypy ELTIH =Me- aaqmnemocrb m o m  acnemoB 
npemonaraeMoijr Komerami c TeM, a0613 B O C I I O ~ ~ O B ~ T ~ C E L  m@opMaqzieii H O ~ I T O M ,  
A O C T Y ~ E ~ ~ M H  B pe3ym~a~e  np0seAem.u cxoxeit pa60~1i1, moii K= I I ~ O B O A H M O ~ ~  B Eenapycn. 

1. 

2. 

3. 

4. 

5 ,  

Yamerne P W O ~ O B  133 I I O ~ ~ I  c HcnomosameM pame& (BoccmoBneme r r p ~  
~OMOIQE p a m e m H o m )  oTmaexg OT npomoro c6opa yxe npompammmefi B 3 o ~ e  
pamTemHocTH E no~pe6ye~ p p y r ~ ~  ~ O ~ O A O B  H npoqenyp y60pm pacmTeaHocm H 
06pa4e~~m c Hem. Baxmeiimxii sarpmm- 3ne~em, cry mme~cx Tame H Ha~60nee 
~ ~ A H H M  m ynanemm. CT~OEIIJIEG wgoslclro cop6~pye~cx K rJmHmmm s a c m a  B no-e. K ~ K  
pe3ymm~ ~ T O ~ O ,  6~onorwec~oe  amcyqmpoBame H nornowekie ero PaCTeHHIIMH 
II~OHCXOJ~TT ogem Mememo. E;H.TIE npeficmnem Aammey yKa3bIsmme Ha TO, wo 
onpeAenems1e.B-1 pacTe& CIIOCO~H~I  Y C K O P ~  npoqecc nornomemix, o ~ a ~ o  g m ~  
n o m e p m e m  I Z O J I ~ ~ H O C ~  T~KHX BWOB pacTeHHii ~ e o 6 x o ~ o  nposeaeme AmHehero  
~ 3 ~ 9 e m .  
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E m m e  c e m c ~ o x o 3 ~ c r ~ e ~ ~ b ~ e  yromx -6 npeBparqsuoTcx B neca, a GO~IUEHCTBO n e c m  
nnolqqeii B T330 H ~ X O ~ C X  B  OXO OM COCTOIIHHH, IIOCKOII~K~ om npeAcTaBnerm B OCHOBHOM 
~ O T J I ~ H A C K O ~ ~  C O C H O ~  H Bma>KHBamcb c B ~ I C O K O ~ ~  I ~ T O T O ~ ~  B pacsme Ha EX npopexxmame, 
nposornoe B Kasecme sacm sene- necHoro xo3dma.  H e o 6 x o ~ o ~  s e a e m  necHoro 

~ b r p a 6 a n m m ~  TemoBym E s n e ~ ~ p m e c ~ y ~ o  3 ~ e p m .  ECJIE paccMarpman s a ~ p a m  Ha 
HCTO~HEIK~I T o m a  B Kaseme sacm BeAem necHoro X O ~ ~ C T B ~ ,  KW K npmepy ~ 1 3 6 e x a ~ m  

~ K O H O M U ~ ~ C K I I  npHsneKaTemoii. 

X03&TBa MOXfCeT CO3AaTL B03MOXE€OCTd AJur HCIIOJIb30BaHES ~ E O M ~ C C ~ I  Ha -, 

JIecHbTX nOXapOB, TO TOrAa K ~ ~ O M ~ C I I I T ~ ~ H S L I I  ~iipa6onca 3HepI’EE H3 6EOMaCCbI MOXm CmTb 

MHome y9acmmm cemmapa pacnorzaram ~ H ~ H E X M E  E OIII~ITOM, KoTopbre MOFJIE 613 IIOMOSI, 
c@oqmipoBan H HEIIIPEBE~ Aamme pa60m1 B HanpaBJIeHHH HX ycnemoro 3a~epme~~1s1, B 

O C O ~ ~ H H O C T E I  Te EI3 j’¶aCTEiEKOB, KOTOPbIe 3aHEMaJEiCb h f O p y C C K H M  IIpOeKTOM. &me M O T  
oKaan cogeiicnme ~ T E M  pa60m, OAH~KO ,qm AocTkuKeHKII ycnexa npemaraemIe npoem 
AomeH CT~OHTMX HenocpeAcTsemo OT rrpoBo,qmoro EenopyccKoro rrpoem. 

%KJIK)SeHEeM B qeJIOM CTaJIO TO, ¶TO, HeCMOTprr Ha HaTIH9He MHO= Cepbe3HLIX BOIIPOCOB, 
m r n q ~ ~ ~ c a  B papemem,  ysacnmm cemapa  cepbe3~0 cornacmcb c ~ e 0 6 x o ~ o m m  . 
npo,qomemx nposeAem o q e m  npemaraeMoro npoem Ha YKpame. 

pC-p TeppH Jbm, ,qqemop IIO aTohmoE s ~ e p r m e  O@Eca qqepHoE 3~eprtmmz.i~ Haymi E 
Ternonom IvhmcTepcTBa 3 ~ e p r e n m i  CLUA, 3a~pe60~a~1, ~ r 0 6 ~ 1  MaTepEam cemmapa 6~m 

HccJreAosaTem cMorm riposecm HX paccMoTpeme H caenani CBOH KomeHTapm, a 
3 a m ~ e p e c o ~ a ~ ~ ~ e  CTP~HLI cMorm 6dm O~H~KOMJI~ISI c A~H.HI~IME H IIpemaraeMoii pa6o~ofi. 
B gonomeme K  TOM^ OH npewomm, a06516m c03na <<opraHmangommii KOMEXTD, 
mnoxeH Ha6Op 0611gxx E A ~ T ~ J I E ~ E ~ O B - I X  3wasY onpenenem no~pe6~o& B Haymo- 

6~1cqo IIO,4I’OTOBJIeHbI E3 PaCIIpOcTpaHeHhI C TeM, a0651 He ripECyTCTBOBaBlI5e H a  HeM 

xiii 



MATEPIMIbI ~ E P H O E b ~ C K O r O  CEMUHAPA IIO BOCC'I'AHOBJIEHHIO IIPM nOMOlqu PAcluTEJIbHOCM li IIPEOEPA3OBAHUH) 
6liOMACCbI B 3HEPlTiEO 

Epaiim Kacrem, DASEE, cornacmcx c TeM, mo MaTepHam qenc rmm B ~ X H O C T ~ ,  H 
~06a13m, =no H ~ O ~ X O A E M O  IQHEUIT~ BO BmaHEe pmpa60ncy Moneneg wrrr IIpencKa3- 
B- B-IX napaMeTpoB; K qmepy,  K ~ K O B  6 y m ~  3@@em cepse3~oro necHoro noxapa B 
3 o ~ e  Omyxqqem? S y ~ m  npeAcTasTurra HRTepec TaKme H nepcneKTHsa nmHeiinrero 
p m s ~ ~ a r r  nen c m6asneme~ OT He pamionorwecmx 3 a r p m ~ e d .  . 
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Overview of the Radioecological Condition of the Chornobyl Exclusion Zone 
as a Project Site 

A. Arkhipov', 0. Bondarenko2, V. Derevets3, N. Kuchma', G. Lobach4 

'Chornobyl Scientific Technical Center of International Studies, Chornobyl 
2Institute of Radiation Safety, Kiev 
3Government Enterprise W E K ,  Chornobyl 
4 G o v e ~ e n t  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 km2, of which one third is represented by former agricultural lands and 50%, 
by forest land. 

UDK W E K - 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 &d dosimetry service, the Chornobyl Scientific and Technical 
Center of International Studies has for many yeawconducted major comprehensive radiolpgical 
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 radioecological situation in the Chornobyl Nuclear Power Plant Exclusion Zone at the 
present time is defined by long-life radionuclides 137Cs, "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, "Sr 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 biological features of the ve etation. For grasses, the conversion factors vary in the range of 
0.9-50 for 137Cs and 10-100 for Cs. The lower range of values is observed in timber. 5 0  

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 fiom 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 ensuiqg 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 sigificant (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 ("Sr + 137Cs) 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 - SO 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 particuliir, the RAO Vector 
radwaste reprocessing and final disposition enterprise. 

Thus, the comprehensive estimate of stocks of the Exclusion Zone provide a bkis 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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MATEPI.lkRbI %PHOEbLJfbCKOrO CEMMHAPA IIO BOCCTAEIO- Ilpki XIOMOW PACTHTUEHOClM II IIPEOFPA30BAHIW 
EUOMACCbI B 3HEPr?iIO 

0630p pa~os~onorwec~coro  C O C T O ~ H H ~  %pH06bI~ibCKO~ 
30mr oTsy3fsqemis rcarc Mema BbmomeHaa rrpoema 

A. APXEIZIOB’, 0. 360H,qapemco2, B. aepesed, H. Kyma’, I’. JIo6aq4 

1) zIep~o6bmc1& Haywo-TemecmG q e q  MexpyHapomIx HccneAoB&, r. 

2) M H C ~ T Y T  pa~~aq~omoi i  3a~pin1, r. KHeB 
3) “ P W K ” ,  r. q e p ~ o 6 b m  
4) rcn c ~ ~ ~ ~ 0 ~ H ~ 7 7 ,  r. qep~o6bm 

Yep~06bm @e- 

~ e p ~ 0 6 b m c w  3 o ~ a  o m e m  E 3 o ~ a  ~ ~ ~ ~ C J I O B H O ~ O  (06%3a~em~oro) o-rcenem 
OTHOCETCII K BJIZDKHO~~, yMepemo Temoii 3o~e,  E B COOTB~TCTBEE c neco+xmonorwecmm 

ne rmm cynecsammhm IIO¶BSLMH. 0614ax mom;a~~, Teppmopm qep~o6~1~1bc~oii  OBI 
COCT~BJIII~T 6onee 2000 d, m KOTOPMX q e ~ b  ntpeAcTameHa ~ ~ ~ B I I I H M H  arponma@raMH, 
50% - n e c w m  Maccmarm. 

p&OHHpOBa.HEeM - K 30He COCHOBO-IIIEPOKOJIECTBeHHbIX JIeCOB C AepHOBO-lIOA3OJIECTblME E 

@ KOHT~OJIII E ynpas iem pa,q~io3~onorwec~oii c q m e i i  6 ~ m a  co3qaaa 
I ~ E ~ O K O M Z ~ C I I I T ~ ~ H ~ ~ I  CECTeMa ~ a 6 m , q e m ,  c6opa E a~ami3a IIepBmoi2 p~onorwecrcoii 
HH@OPM- (YpcK - “P43K”) o n p ~ 3 e ~ w n r  CJIOXX amoc@epbI, ~ ~ ~ R T O B J , I X  E 
nosepmocnabnr BOAS, I I O ~ B O - ~ ~ ~ ,  A O ~ E M ~ T ~ E E .  H a p m  c c~1yx60i2 paAHonorwecKoro E 
,qosme~pmec~oro KOIIT~OJUI Ha Teppmopm 30m1 o m e m  moronenme 
~ O K O M ~ C I U T ~ ~ H S I ~  KoMaTIeIccmIe pa,q~103~0~1omecme xccneAoBamm ocylsemmm 
!IeHlJ,MH. 

- 

Pa,q~o3~onomec~ax 06CTaHOBKa B 3 o ~ e  oT9y>rcnem W3C B Hacromqee Bpem OnpeAemeTcz 
~ o n r o m i ~ ~  pamw-ami 13’Cs, ’‘Sr, TY3. He MeHee 90% ~KTHBHOCTE npo~omaeT 

Conepxme M O ~ B T I ~ H ~ I X  ~ O P M  Srgo B IIOSB~X COCT~BJH~T 50 - 90 % cyMMapHoro 3maca. 
OmesaeTcx Terne- pocm AOJEI I I O ~ ~ ~ C H L I X  QOPM c rJIyGHHo$i. Conepxame I I O A B ~ D ~ ~ H ~ M  
Q~OPM S?’B nomeMHbnr BOAS E pacmemsocm 3a 12  ne^ Henmeko ~ 0 3 p a c m  c IO - 14 % B 
1986-87 rr. a o  60 - 90 % B 1997 ropy. 

HSO&HTbCII B BepX3eM 0 - 5 CM CnOe IIOSBbI. s?’ i0 I I p O @ a m O  IIO¶BLI 110 BCeM O ~ C J I ~ A O B ~  
TeppETOPHXM paCIIpOCTpCiH5Ie”CX 6onee GJ,ICT~~IME TeMIIaMH 110 CpaBHeHEK) C cS’37. 

PmoaKTkIBHoe sarpm~erne pacmTemHoii n p o n y r c s ~ ~  ( ~ p a ~ o c ~ o i i ,  Apesecma, XBOII E mmx) 
orrpeAemeTcx HenocpeAcTsemo s a r p m ~ e m e ~  Teppmopm E K O ~ @ @ E Q E I ~ H T ~ ~ ~  nepexona 
0. KIT B CBOIO osepem ~ ~ B E C I I T  OT Cpmmo--xHMwecKHx CBOGCTB P~AHO~KTHBH~IX 
BmqeHkZii, XHMm9ecm-a CBO~~CTB C O ~ C T B ~ H H O  p m o ? m ; a ,  noaemo-arpoxmmecmix E 
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naH,qma@THbnr ycno~ziii Mema n p o ~ 3 p a c ~ a ~ m  H ~ E O J I O ~ ~ C K E X  o c o 6 e ~ ~ o c ~ e i i  pameHHii. Kn 
AIIX T ~ ~ B X E I E C T O ~ ~  pamemaocm K O J I ~ ~ ~ O T C I I  B npeaenax 0,9 - 50 IIO f 3 7 ~ s  H 1 o - 100 no 
'OSr. M e m d  pa3~ax 3~a9eHHij[ ~a6mnae~c51 NISI ApesecmI. 

AHa.lIE3 AaEHbIX 110 3ZUIaCaM 6HOMaCCM KaK IIOTeEEqHaTIbHOrO ECTOrIHHKa 3HepreTWeCKZX 

BbIIUe, ¶eM ApJTZiX ~ E O J I O ~ ~ C K E X  KOMIIOHeHTOB. 3maC ~ E O M ~ C C ~ I  TpaBOCTOZ 
pecypcoB noKa3maeq -0 peammIe 3macb16HOMaCCbI Apesec-1 B cpemeM Ha IIOPWOK 

I I ~ E ~ ~ E T ~ J B H O  pmeH 3a11aca~ XBOE necmx HacweHHii (npesecma 73.4 dra, XBOII 6.6 dra, 
T~~BOCTOE 4.0 dra). CneAyeT 0 6 p a ~ ~ ~ b  Bmmame Ha-To, -0 He II~OBOAETCII oqema ~ ~ I I ~ C O B  
~ E O M ~ C C ~ I  E aKTHBHOCTH KOPHeBbIX CECTeM, XOTg EX BKnW 3aIIaC 3Ha9HTeJIeH (54.3 T h ) .  
npaKTE¶eCKE 3TOT 6~opecypc He MOXeT 6bm ECIIOJIb30BaH B peaJIbmIX yCJIOBEZX*3OHbI, 
IIOCKOJGK~ ~ p y ~ o 3 a ~ p a ~ b 1  Ha ero ocBoemie 6 ~ ~ 4 - 5 ~  cyrqecmemo npesman  B O ~ M O X ~ W  
I I ~ H ~ ~ L T I ~ .  KpoMe Tor0 pa3Me~eHEe KOpHeBblX CECTeM B BbICOKO 3ZlI'p5f3HeHHOM IIOBepXHOCTHOM 
cnoe IIO~BSI IIpmeneT KZ~K K y s e m e m  a 0 3 ~  06rryse~~11 nepcoHana I I ~ E  IIpomBonme, TSLK E 
AOlIOJIHETeJIJJHOMy 3aI'pX3HeHEno 060pyaOBaHEX. 3a QElHEQaMH PWOaKTHBHO 3tll75I3HeHHbnr 
TeppmopHii B p e m m x  YCJIOBEZX coBpeMemioro ~ I O E ~ B O A C T B ~  KOPHH AepeBbeB nparcrwecm 
He ECIIOJIb3jTOTCZ. 

CyMMapmzii 3mac ~KTHBHOCTE eoSr + 137~s) B TpmocToe E ApesecHoii pacmenmocm 3ow1 
oTqm,qemix COCT~BJIII~T 3,3 H 166,8 ZK, coomeTcmemo. HH3me 3a11acb1 6HOMaCCb1, E 

coomercmemo P ~ H H O H ~ K ~ ~ A O B  B TpaBocToe ~ e 3 m e c e ~ ~ b l ~  Teppmopd, He C H H X ~ T  porn 
T ~ ~ B O C T O X  n p ~  npomBoncme 3~eprmi E WE @ ~ o ~ ~ ~ ~ K T E E ' ~ ~ E E  B crrysae IIpmeHem 
cIIe~aJm3EpoBaHHbIx TeXHOJIOm. 

PacseTbI IIOK~~LIBSLIOT, a o  nemoii cseHapHii HCIIO~~OBSLHHII Teppmopmi 30m1 oT4y>KAeHEuI 

B H A ~  nepeHecem CPOKOB nonpemm KoHemoii n p o n y ~ c s ~ ~  H a  50 - 80  ne^ (a0 ~KOHOMET 
6onee IIePCIIeKTEBm KSLK B BHAy OTCPCTBE2 IIl3OE3BOACTBa TOBapHOg &Op[yraTHH, TslK E B 

AO3OBbIe HaI'py3KE Ha IIepCOHaJI). 
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npewrpmrnGi, B sacmocm, no nepepa6ome H s a x o p o ~ e ~ ~ ~ o  PA0 (“Be~~op”). 

TaKEIM 06pa30~, KOMIIJIeKCHtW OqeHKa PeCypCOB  OHM OmeHHII AaeT OCHOBaEiEe CsHTaTb 
BO~MOXCHHM pem3awm IIpoema, a meHcH@maqm x o 3 x h ~ ~ e ~ ~ o i i  Aexremxiocni B pa~lcax 
npoema 06ecne~1r.r ~ K O H O M W ~ C K ~ I O  H c o q ~ m w  pea61mnaqmo 30m1 o m e m ,  
KOTOP~W 6 y ~ e ~  npegmecTBosaTb E C ~ O C O ~ C T F ~ O B ~ T ~  ycKopem ee p a , q ~ o ~ ~ o ~ ~ o r w e c ~ o i i  
p e a 6 ~ i ~ ~ i ~ a q m .  
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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 theuse 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 successfblly deployed to clean up lead- and uranium-contaminated sites. Similarly, 
preliminary tests of phytoremediation systems have been established in highly contaminated 
keas 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 fbel 
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. 

. 

. 
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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: 

' 

Assessment of reliability and sustainability of biomass resources for a long term, 

0 Evaluation of necessary infrastructure, 

0 Biomass characterization as a fuel component, 

Cost evaluation. 

Evaluation of the identified biomass fuel resources along with the area of their production, J 

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 &d 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 uiith intensive radioactivity migration. All woody matter arising fiom Merent types 
of felling, including debris, are to be directed to biomass conversion processes. 

To evaluate the biomass available for conversion, the following questions should be answered: 

Area in total and per tree species, 

Tree species distribution, 

Area per age class and tree species, 

Planted area and area of natural forest, 
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Number of trees planted per hectare, distance in row and between rows, 

Dimensions of the trees, DBH (diameter at breast height), height, average volume per tree, 

Number of stems per hectare as dependent on age classes and tree species, 

Volume per hectare of stemwood and additional biomass, 

Thickness of humus layer, depending on age class, tree species, and soil type, 

Annuai amount of wood harvested divided into tree species and assortments, 

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

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 fkom contaminated soil. 

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

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

What crop species and coppice varieties are suitable for identified soil type and condition of 
growth? 

0 What is the vegetative period? 

What is the yield of phytomass for each culture? 

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 da& and long- 
term prognosis of biomass growth mu& be evaluated on a basis of correlation between yield and 
climatic parameters (temperature, precipitation, sun hourshrradiance, number of days with fiozen 
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 inkstructure 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 m3 to arrive at the power plant every 2 
minutes. Therefore, the following components must be evaluated and installed: 

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

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

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

0 Fuel storage of appropriate size (normally occupies an area of 5 miles; as much as the area 
for the boiler). 

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 removal5andling systems. The fuel characterization 
normally includes the following analyses: 

Moisture content, 

. Ultimate analysis, 

Proximate analysis, 

Ashchemistry, 

Chemical fiactionation, 

Formsofsulfur, 

Heating value and fusion temperature analyses, 

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 
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. 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 fiom the solid state to a solution in water that will have to be 
treated before release fiom 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 fiom 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 conhercialized 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 sti l l  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 will 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 fiom several mandacturers worldwide). Ifthe 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 M W  thermal 
output at costs of 1600 to 1800 $/kW at these large scales. The meeting addressed the issues of 
buining 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 behavior of these substances is that which is anticipated fiom the 
accumulated knowledge of the behavior of alkali materials in biomass boilers. One test 

. 19 



PROCEEDINGS OF THE CHORNOBYL l?€IYTOREMEDIATION 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 fiom 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 fi-om 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 tlie #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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Biomass and Bioenergy 
Chernobyl 

Biomass and Bioenergy Materid Flows 



Biological Systems 
Lignocellulosics need pretreatment 

Fermentation mostly in dilute solution 

. - exception solid state MSW digestion 
Liquid effluent - requires treatment for BODKOD 
- mineral matter solubilized 
- recovery difficult - used for irrigation 

- acid, solvent, steam 

- typical ratio solid:liquid 5 9 5  

Composition of Lignocellulosic Biomass 

Cellulose 45% 

Hemicellulose 30% 
Cellulose 38% 

Hemicellulose 32% 
Lignin 17%. Lignin 15% 

Other 13% Other 10% 

Agricultural Residues Herbaceous Energy Crops 

Cellu 5% - 
Food and yard waste -13% 

Plastics and textiles -7% 

Hemicellulose 
-23% 

Lignin 
-2236 

Underutilized and Short Rotation Hardwoods Municipal Solid Waste 
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Heo6xo~ma pa3pa6o~~a ~ ~ O T B ~ T C T B ~ I ~ ~  Ternonor& npeo6pa30sa~m. H~O~XOAHMO, 

6140MaCCb1, a Tame ANI 6~o~accb1, conepmkqeii TemoreHHbie O T X O ~ I ,  BO~HHKLIIM~ 
HenocpeDcTsemo nocne nomapa Ha seTsepToM 3~epro6no~e. He Bce 113 3 m  MaTepMaJIoB 

M-ZI, a mace  m-3a mro ocnomeHm, Kompoe cyrsecrByeT m-3a TOTO, TO n o m 0  qe3m 

7-3~06~ 6bma IIpOneMOHcTpHjlOBaHa kIx 3@#EfrmBHOCTb pJH 60~1brmmma SaI'PX3HeHHOE 

06na,qam~ TaKOg Xe ToIUIMBHOii IJeHHOcTb€O KaK 6 ~ o ~ a c c a  B CXl'Iy BIUDWIeHM% B HkIx 6 e ~ o ~ a  M 

H CTpOHUJIX OHM MOI'YT COAepXaTb TpaHCy'&MHOBbIe 3JIeMeHTbI. 
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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 w&e management options. Several considerations were recognized: 

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

0 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). 

0 The mix of biomass types used as feed stock will likely produce changes to the energy 
conversion system fiom 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 identi@ 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 Werent waste treatment, storage, 
and disposal options. We must recognize that the contaminants in ash (I3'Cs and will be 
soluble so that isolation of the ash fiom 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: 

' 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 fiom 

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

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

0 Plastic bags might be appropriate for some wastes where the risk of exposure is low. 

It was felt by workshop participants 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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Tbird, certain legal considerations must be addressed. For example, we h o w  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 

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

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

The facility is designed to handle 500,000 m3 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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CTOkIMOCTM c Appm BapM-. 

EblTM C03AaHbI COOTBeTCTBJGOI4Me IIJIaHbI AJI% 06ecnerern qeJIOCTHOcrU OTXOAOB, 
H ~ X O A ~ ~ ~ ~ H X C X  H a  X p a H e m  BHYT~M (065em) H a  n p o T m c e m M  no Kpa i iHe i i  M e p e  300 nm. 
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Vladimir Tokarevslq 
State Company for Treatment and Disposal of Mixed Hazardous Waste, Ukraine 

This presentation is in Russian, but a translation fiom 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 year-30 or even 50 years may be required. 
Bryan Castelli has called this our project and has characterized it as a challenge. 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 strontim and cesium that have created so many problems. These 2 kilograms have 
contaminated in theExclusion 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, I can trace my roots 
fiom 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 Techocenter, who did much work both on the seminar 
program and sending out invitations. 

. 

I 
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I will expand on Jim Hsirtley’s comments. In addition to representatives from Ukraine, Belarus, 
and the United States, representatives fiom 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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MATEPUAJIbI ~EPHOEbIJJbCKOrO CEMEltiAPA lI0 BOCCTAHORJIEHNH) IlPH IIOMOlqH PACWlWIbHOCIU II IIPEOEPiUOBAHUH) 
EElOMACCbI B 3HEPlXIO 

Bn- T0KapeBCmi.t 
I’ocyAapcTsemm K O M I I ~  no 06pa6ome E s a x o p o ~ e ~ ~ i o  cMemsLHHbM o n a c m  OTXOAOB, 

Yxpama 

2 6 y ~ y  roBopEn H a  PYCCKOM mbnce, w06m HSLT~TH r o m  3~8am3, a o  y Hac ecn  nepeBo,q E c 
pyccKoro mbma H a  m~~&cIcEIji. 

MH AeiicmmemHo nposem ma oqem Hanpmemm pa60mx  mu^. JTE¶o x oqem m o r o q  
Haywmcx B Teseme ~TEX meii. Hqqemcb, w o  Bce yqa- Hamero pa6oqero coBemaHm 
Tame nosepnqm JJ$.SI ce6x osem mor0 I I O J I ~ ~ H O ~ O .  

npOIUJIb& rOA ~ L L T I  AJUI HaC aOCTaTO¶O TXXeJIbIM, HO B TO Xe BpeMII 09eHb IIOJIe3HbIM E, X 6b1 
CK~MJI, HcTopmecKkiM. B ~ O I I I J I O M  row 6bmo HaqaTo cTpomemcTBo KommeKca ccBe~opy’, 
KOTOP~& ~ N F ~ T C I I  HweM HH~IM, KZUC s a x o p o ~ e ~ ~ e ~  P~AHO~KTHSH~IX OTXOAOB. Hmbrsanacb 
qH@pa 500 TbIC. K y 6 m e c ~ ~ x  M T O B  PwOaKTHSHbIX OTXOAOB, KOTOpbIe MbI MOXeM 
3aXOPOHETb. 

BpeMeHHLlME XpaFImaME PwOaKTkIsHbIx OTXOAOB, HaXOAffL%II IIPHMeTHO 400 %IC. &OPE. 

CKsuf(y EHaW - 500 %IC. &OPE OTXOAOB, KOTOPbIe MbI CMOXeM Haem0 
m o ~ m p o ~ a n  OT oKpy>Kmmeii cpem E OT Hacenem. B Tex C B ~ T M ~ X ,  KoTopbIe H ~ X B ~ T C I I  

 TO TO, a o  M ~ I  yxe c M o x e M  Haaemo nepe3axopo~~n B “ B e ~ ~ o p e ~ ~ .  Ho M e m  60mme Bcero 
cMyrsaeT ~pyrar r  qE@pa. B OTK~~ITOM Bme B oqyxmmeii  cpene H E ~ X O ~ C X  6orree 200 -IC. 
&OPE qe3m H CT~OH~EIII.   TOT qe3d H CT~OHIIE~,  ~~j~pammcb Ha HameM =me - 6e3x03mGY 
OH B 60mmeii cTenem nomepxeH ~ ~ l p a q ~ ~  B o ~ p y m m q m  cpegy, B n o ~ 3 e ~ ~ m e  BODI, qeM 
Bce ocTamme ~ ~ , ~ E O H Y K J I E W I ,  Haxonmpecx B 3 o ~ e  omyxaem. To e c n  3m 200 THC. Krop~ 
camIe onacm1e. IIOBTOM~ x paccMaTpHsam HXLI npoem KS~K n o m r r ~ ~  p e n k n  3 ~ y  np06ne~y. 
Ho p e m  ee He B Teseme oAHoro, myx  TIE^ Tpex JI~T, a pemffla ee, BO~MOXHO, B Teseme 
6mxICaiim[Hx 30, M O X ~ T  6 m  50 JI~T.  

X cornaceH c E p a i i ~ i ~ o ~  KaCTeJIJIE E 6JIarOAapeH eMy 3a TO, K ~ K  OH HEBBSL~I HXLI qoem. OH 
CKa3aTI, ¶TO 3T0 BbI30B, 3TO the Challenge. 
EI p e m  3a,qasy HX H ~ O J H Q ~ ,  ecm MLI O ~ ~ ~ A E H E ~ M C ~ I .  Mom0 Ha3maTd q ~ i $ p ~  Aecm 
~ y 6 m e c ~ ~ x  M q O B  E TbIcIIg &pE, HO Te CTpO- E ge3&, KOTOpbIe C03AaJIE CTOJTbKO 
npo6ne~ AJLR Bcex Hac, -  TO Bcero JIEIIE ma minorpanma qe3m E CT~OH~HII .  3m ma 
KEJIOTaMMa 3al7X3HEJIE TOJBKO 3AeCb B 3 o ~ e  OlTyXAeHEbI TeppETOpHIo B 3 TbICELsH 
ICBaApaTHMX KarioMeTpOB EI TeM CaMbIM C03Am pa,I@iOaKTHsEIbIX MaTepESL1IOB OKOJIO 200 

TeppHTOpFno, KaK O¶€lCTETL 400 MEJIJIEOHOB TOHH? KaK MOXEO 60po~bcx C 3THMH 

nO3TOMy YpOK, KOTOP& X E13BJIeK E3 HaIIIerO COBeIIWfE% - 3TO IIOTpXCXOIqEe CIIOCO6HOCTE 

MbI CMOXeM 6pocm 3TOT BbI30B 200 TbIC. &OPE 

MIUUIEOHOB ~ y 6 m e c m  M ~ T ~ O B ,  npmepHo 400 MHJIJEXOHOB TOHEI. K ~ K  o m c m  3 ~ y  

6 e c s ~ c n e ~ ~ r , 1 ~ ~  ~ ~ , ~ F I O ~ K T E I B H ~ T M H  aToMamx mex o r p m e m i o e  Komecmo moneii? 

pamTemHoii 6~o~accb1, ee B O ~ M O ~ O C T E  aKKYMYJIHPoBan P~,~EOHYK~IHP;~I. Mememo, 
pepemo, roA 3a roAoM. I IO~TOM~ x Hqqemcb, STO Ha  TOM n r y ~ ~ ,  ecm He MH, TO H~ZIZH 
IIOTOMKH AOCTETHYT ycnexa. 
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~ T E F ' ~ I % P H O E b I J I b C K O ~ O  CE-A IIO BOCCI'AHOBJIEHEIK) mPEl IIOMOU@i PACTHTE3EHOCIU Ei IlPEOJ2A30BAHUH) 
E I i O M A C C b I B 3 H E P ~  

R xogy n o 6 n a r o ~ a p ~ ~ b  Bcex YgacTHEKoB Hamero pa6osero c o ~ e m i ~ ~ w  38 TO, =fro o m  
npHexam K HELM, BHCK~WIE CBOH m e m u  3a   TOT npoem mm n p o m  ~ T O ~ O  npoema.   TOT 
npoem HenpocToii. OH ogem cnoxmiI2, npomopemmii. Ho Bce x e  m e  Aenam xom ab 
TO, 9eM m Aenam Hwero. TeM gonee, a o  n o n o m e m m x  MoMemoB B  TOM npoeme ropamo 
60mme, 9eM cnopmnr mm Herammx. 

R xo-ren 6b1 no611aro~ap~~b &mma Xap-rm 38 B e ~ o n e ~  oprs~~~3aru-m Hamero 
c e m a p a  2 gomeH c K a 3 a n ,  =fro ce-ap 6 m  O ~ ~ ~ H E ~ O B ~ H  no TeneaoHy E @=cy. He 3~m, 
neperopen m Cpmc y axma, HO y Hac OH nopoii neperpesmcx TEN, =fro npmommocb ero 
oTKmo9am. 

2 6naronape~ rem- JIoGagy, MoeMy ~OMOJICHEK~ no Temoqeqy,  K O T O ~ ~ ~  cAenan 
osem woro E no nporpamre cemmapa E no qmnamemm c HameE CTOPOHJA 

Ii xoTen 6~ A O I I O J ~ ~  PjKHMa Xap-rm. KpoMe npenc-rmmeneii Yqa~nab~, Eenopyccmi H 

TO, a o  o m  npBexam Ha HEUII cemmap. 
c m  3AeCb Il'pHCJTCTBJTOT IIJ?e~CTaBHTeJIE POCCEIH, KOTOpbIM MbI TaKme 09eHb 6naro~apm13a 

2 XOTen 6 ~ 1  no6naro~apm JIa6opa~opm MeXAyHapOmIX ECCJIeAOBd YepHO6bLTlbCKOTO 
q e q a ,  ~ o ~ o p & .  c e r o m  omeqaeT gem cBoero pome=. 

53 xoTen 651 cKmam, a o  y Hac c -OM XapTm, cgacrmm pyKa. U O ~ T O M ~  M ~ I  noxenaeM 
m ycnexa, 6 n a r o ~ a p ~ ~  3a TO, =fro o m  n p e n o c T ~ ~  Bemonemme BO~MOXCHOCTEI AJIC~ 
nposeAem 3~oro  cemapa .  

~i XoTen 6 ~ 1  noxenan BceM HEM ynam B p e m e m  3~0 i i  cnoxaoii E, Ha,qemcb, 6narop0,q~oii 
3a,qaw. 
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Chornobyl Zone Activity Concept of OperarionS and GeneralApproach 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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Konvenqruz a~mu6nocmu !&ep~06b~nbc~oG 30nbi u 061quH nodmd IC 60ccma~o~nenu~) 3onbi 
omqymdenzu 

Hknconaii 33. IIpocqpa 
O p r a ~ ~ ~ a q m  OrpsLHmemoji 3om1 PI 3om1 omyxcnemm, YKpakma 
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Konyenyurr amtmocmu 9ep~06burbc~oii 3onbi u 06u(uii nodxod K ~occmanomenu~) 30m omuymdenurr 
b o d  Ez IIpocKypa 
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HI13bKo- i cepe,qmommHi no-ncx 3a KaTerophm Ha m e  40 
nepepo6~1sno~bc51, i T&, 40 He nimmumb nepepo6qi. 
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CEORNOBYLPHYTOREMEDIATION AND B r o w s  ENERGY CONVERSION PROGRAM 4 

Surface Contamination Clean-up of Land in fhe Ukraine CEZ 
V. Tokarevsky 
Techocentre, 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 use 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 hai 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 US. 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 W e  
start-up system and a 10 W e  operational system. The 1 W e  start-up system will likely be 
based on conventionally available conversion technology and initially will use existing forest 
biomks. 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 inhstmcture, 
and it will allow time to establish plantation systems and to make appropriate changes in the 
program based on operating experiences. The 10 W e  system is sized to meet the electricity 
needs of the Chomobyl Zone and the Center for Treatment and Disposal of Low-Level 
&dioactive 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 itom 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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MATEPHA.51 %P€IOsbIJIbCKOrO CE-A IIO BOCCTAIXOBTLEHHIO IIF'II IIOMOrqH PACTHTEJEHOCTM II IIPEOEPA30BAHHIO 
EIIOMACCbI B 3HJ3PI"O 

BO~MOXHOCT~ pmpa60~a~b ynysmemme M~TOALI 6 0 ~ ~ 6 ~ 1  c neem noxapanns: B 
?fep~o6bmc~oii. 3 o ~ e  oT¶y)€cAewm, 3) Aarb o m 7  H ~ O ~ X O ~ @ ~ M L ~  ppf p a 3 p a 6 0 ~ ~ ~  
mCppacTpymYpm npoeKTa, H 4) 0 6 e c n e m  Bpem Ha c o 3 ~ a ~ ~ e  B03~em1~ae~blx cncreM E 
BHecemie coommmymngm BMeHeEIHii B n p o r p a ~ ~ y ,  OCHOBL~B~SOIIJEXCZ Ha omrre BeAeHHsI 

n o ~ p e 6 ~ o c ~ ~  B 3~1e~~po3~eprEE ~ep~06rmbc~o i i   OBI E UeHTpa no 06pa60~~e  E 
s a x o p o ~ e ~ ~ ~ o  HBICO-~~,IV~O~KTEBBIX OTXOAOB, Haxomerocx B npoqecce cqomemcma. 3 ~ a  
cHcTeMa 6 y ~ e ~  H C I I O J I ~ ~ O B ~ ~  ~EOTOILTIHBO, npemymememo OT ~03,qe~1~1~aernrx pame-, E 
sepomo 6 y ~ m  Bm¶aTb yCOBepLUeHCTBoBaHEe 3~epro6~1o~a M O I I I H o m I o  1 MBTe, a TsUoKe 
~06asneme BToporo npoqecca npeo6pa30~a~m c npmeHemeM nepeAoBoro npoema, 
HanpHMep, B H ~ ~ ~ O T K E  BonopoAa B p e s y m ~ a ~ e  p e a o p m a  napa E npeo6pa30sa~em Ha 
TOILTIHBHOM ~ J I ~ M ~ H T ~ .  I I o c n e m  @ma npoema, g o c m e m e  oKomaTemHoii 

qep~o6me  n e c o B  E n o n y q a e M o r o  OT B O ~ A ~ J B I B ~ ~ M L I X  q m w  6HOTOIuIHBa), 6 y n e ~  

Y~paxms~ B accmoBamm cpeAcm E noJryseHHH HX co CTOPOHM 9acTHoro cemopa H 9acTwrx 

pa60~. Pa3Mep CECTeMbI MOII@IOCTbIo 10 MBTe OIIPe,I@JIeH C TeM, a0613 06ecnemn 

IIPOE3BO~CTBeHHOfi M O W O C G  (BILTIOTb BO 500 MBTe C HCEOJIb30BaHHeM BCeX EMeIoIlJEXC2 B 

IIPOBOAETbCX B TeSeHEe TaKOrO BpeMeHE, KOTOpOe 6yAeT OIIPeAeJuITbCX B03MOXHOCTXME 

@OHJ(OB. 
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Program 0 bjectives 

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

e To establish a biomass production system 
in CEZ that 

a promotes good soil conservation practices 
a reduces the likelihood of radionuclides 

spreading outside the CEZ 
2 accelerates soil clean-up through 

phytoextraction of radionuclides 
by plants and trees. 

~ ~~~ 

Systems Concept for 10 Mwe Chomobyl . 

Ekclusion Zone Program 

-- 
Surface Contamination Clean-up of Land in the Ukraine CEZ 

V. Tokarevsky, G.E. Courville 
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Design Issues 

a bioavaiiabiiity landkater ecology 
of radionuclides ~3 fuel beneficiation ability of plants to 
accumulate 0 Waste handling radionuclides 3 recyclinghmmobilization 

3 exposure risks 

a productivity 1 disposal 

e Energy Conversion 
1 combustionlgasification 
3 mobilefuced processors 
3 contaminant control e system 

3 risk analysis 
1 economics analysis 
51 infrastructure ~ B , , m  5.1 exno, 

CEZ Program Activities Already Underway ^ .  

cepts of Col1edion;Fransport and PrimaryProcessing of Fo 

Nikolai D. Kuchma and Yuriy M. Murav'ev 
State Company "Chomobyl'Les, U h i n e  

I I 

Applications of Phytoremediation Technologies in Real Conditions of the Chomobyl Zone 

National Academy of Sciences, h i n e  
Boris V. Sorochinsky . . 

I 1 

Anrotechnological Aspects of Laaf-andStodc Biomass Usage for Generation of Energy 
Gennady A,. Lobach 

Technocentre. Ukraine 

( 

( 

Radiological Analysis of Project Implementation in the Chomobyl d n e  
Andre1 N. Archipov and Nikolai D. Kuchma I 

1 
Chomobyl Scientific Center for lntemaff onal Research, Ukraine 

I 

Process Complex for Reprocessing and Repository of Radioactive Waste "Vector 

Sergei G. Prichurin 
Technocentre. Ukraine 

Surface Contamination Clean-up of Land in the Ukraine CEZ 
V. Tokarevsky, G.E. Courville 
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1998 

1998 

Program Strategy 

Creabon ot the Adwsory 
Committee 
Assessment -- 

I Year I Activity I Land I Powr 

I 

1999 Pilot 
2000 Implementation 5 km2 1 M w  

Low Power I 2o01 1 tmplementation 

ASSESSMENT 

0 Purpose: 
To ensure 

A "no-regrets" policy relative to environment and health 
Selection of appropriate technologies and partners 
Selection of an optimum implementation strategy 

Develop a business plan for implementation of all phases 
Identify and develop strategies for 

Results: 

1. environment and health issues 
2 regulatory and licensing issues 

Total Costf1,272,000 (to be cost-shared) 

A 

major technical issues 

e 

Surface Contamination Clean-up of Land in the Ukraine CEZ 
V. Tokarevsky, G.E. C o d e  
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0' (1.) Biomass Production and Environmental Protect-onfRemediation 
Flow Chart - 

1- --- - - -  i 

To 
+Program 

Revlew 

Surface Contamination Clean-up of Land in the Ukraine CEZ 
V. Tokarevsky, .G.E. Courville 
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8 (2.) Biomass to Electncitry Conversion Flow Chart 

Criteria fmm 
Biomass Production 

Chart I 
H 
1- 

4 

8’ (3.) Waste Management Flow Chart 

, 

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

! CFIORNOBYL EXCLUSION ZONE CONTAMINATION CHARACTERIZATION . ! 

Radiocesium Inventories in Forest and Grassland Communities Near Chornobyl 
Ron Chesser 
Savannah River Ecology Laboratory, -en, South Carolina 

ABSTRACT 

Scientists fkom the Savannah River Ecology Laboratory have collaborated with experts fiom 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 fkom 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/km2. Areas near the reactor, but to the south arid east, 
have much lower cesium levels (estimates of 5 and 10 Ci/km2 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/km2. Mutation rates are low despite the high doses of radiation. Effects fiom 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 concentrationi in organisms and in soil are highly variable over short geographic 
distances, Highly precise mapping of radionuclide c.oncentrations are needed to adequately 
characterize distributions in biomass as well as in abiotic portions of the Chornobyl Zone. 
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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 Ism Zone 
Precise mapping is needed to realistically 
characterize radionuclide distributions 
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 Cominunities Near Chornobyl 
Ronald K. Chesser 
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isecology 
Biological Endpoints of 

Radiation 
Moiecular Changes 
8 rg a net le Effects 
Cellular Responses 
Qrganisrnai Effects . 

PQpUktiOn? fa@SpOnSeS 
Community Effects 

Radiocesium Inventories in Forest and Grassland Communities Near Chornobyl 
Ronald K. Chesser 
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+Although Ceshm is knqwn primarily 
as a gamma ernitfec vidually all of 
.the dose imparted 40 a mouse is from 
the two Beta padides  

Dose = 

r+-,...- $t.,-,p-;'-A~ 

4 

= B q / g  0 7.26 x I 0-4 

0 
Reactor 

Radiocesium Inventories in Forest and Grassland Communities Near Chornobyl 
Ronald K. Chesser 
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to 
91-4 

. 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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134~137 Cesium Invent or i e s 
Cesium 

Location . Per Animal 

Red Forest Woodland 
GlybokeLake 
Red Forest Grassland 
Chistogalovka 
2.0 lun East Reactor 
30 km East Reactor 

2.4 pCi 
0.8 pCi 
0.6 pCi 
0.01 pCi 
0.01 pCi 
0.001 pCi 

Cesium 
Per sq kilometer 

1,200 Ci / sq km 
370 Ci / sq km 
630 Ci / sq km 

lOCi/sqkm 
5 Ci / sq km 

0.5 Ci/ sq km 

Radiocesium Inventories in Forest and Grassland Communities Near Chornobyl 
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Microtus 

PREGNANCY RATE 

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

. Radiocesium Inventories in Forest and Grassland Communities Near ChornobyI 
Ronald K. Chesser 
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Ionizing - Radiation 1 Chemical Clastogens / mutagens I-' Cellular Defense Mechanisms 
Ox. Scavengers 

DNA Lesions (nuclear & mtDNA) 

1mp,ireci(\ Repair DNA Repair Induction 

'4 'Accurate Repair 
Aneuploidy Substitutions, Deletions, 7 

Additions, 
Transpositions 

. Oncogene 

Celi 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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1 i . CHORNOBYLEX&USIONZ~NE CONTAMINATION.CHARACTI~RIZATION - --2 

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

Nikolai D. Kuchma 
Chornobyl Scientific Center for International 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 contaminatjon of vast territories caused an ecological situa- 
tion unprecedented in terms of complexity, the leading role in which are played byradiation 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 I& 
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: 
0 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. 
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. 
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. 
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 Chornobyl Exclusion Zone, according to 1997 borders, constitutes slightly 
more than 2,000 km2. 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%. Approxhately 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 

Radioecological Characteristics of the Exclusion Zone 
The zone surrounding the Chornobyl NPP has been contaminated with 137Cs with a density 
greater than 15 and with "Sr above 2 Curie/km2. In addition, fuel plutonium, levels of fall-out 
of which along the periphery of the zone constitute approximately 0.1 Curie/km2, is dispersed in 
this zone. 
The maximum levels of contamination in direct proximity to the Chornobyl NPP reach 1,000 - 
1,500 for 137Cs, 600 - 800 for "Sr, and 2 - 3 Curie/km2 for 239-240Pu, 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 Curies at PVLRO, PZRO, 250,000 
Curies in the territory (of this, 129,000 Curies in the form of ''Sr, 120,000 Curies in the form of 
137Cs, and approximately 1,000 Curies in the form of 239-240 Pu), 4,500 Curies in the cooling 
pond, and in the time immediately following the accident, infusible short-life and medium-life 

41y 

In the near zone, in areas with surface distribution of "Sr, ground waters have been contami- 
nated up to concentrations of 10-20 Bqfliter, and in areas of surface disposition of radwastes, 
their contamination reaches the following values: for "Sr up to 43,000 Bqfliter, for 137Cs up to 
0.4 BqAiter, and for 239+240Pu up to 0.6 BqAiter. The time it will take for contaminated ground 
waters to run off from the area of localization of PVLRO into the Pripyat River is estimated at 
more than 50 years. A moving front of elevated concentrations of "Sr from 
Curiesfliter has been observed from several PVLRO burial trenches down-river at a distance 

Ce, '%, and '%by which for the most part also created the exposure dose. 

to lo-' 

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 "Sr and 137Cs 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-ciiffUsion model of distribution of ra- 
dionuclides over the soil profile has been developed to estimate intensity of migration (Table 2). 

humus-clay, wet-meadow I 0.50 I 0.03748 I 0.11127 I 0.02743 1 021496 
peat-clay, wet-meadow I 0.36 I 0.30961 I 0.00684 I 0.06838 I 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 

I defines the character of the distribution of radionuclides. All of this makes it possible to predict 
the arrival of 137 Cs in the vegetition and to assess the feasibility of their use in agriculture. 
Observations of the distribution of radionuclides in forest soils have shown that to date (1 1 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 137Cs is in the first layer of the mineral component of the soil Figures 1 and 2). 

. 
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Figure 1. Distribution of 137Cs in Coniferous Soils Figure 2. Distribution of I3%s in Birch Soils 

mdioeclogical Feasibility of the Project 
Andrei N. Arkhipov and Nikolai D. Kuchma 
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The Effect of Biological Features 
The values of conversion factors in fallow land with waste grass v e e s  in the range of 0.2 to 0.4 
and virtually coincides with these chaiacteristics for dry meadows. For swamp-grass meadows, 
this characteristic is in the range of 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. 

Prediction 
To predict contamination of vegetation, years of 
data have been gathered on the conversion 
factors of 137Cs 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 s for 
average values of conversion factors 

(see Table 3). On the basis of these data, the radioecological danger was estimated for different 
lands, which made it possible to obtain and standardize the radioecological situation in the 
territory of the Exclusion Zone (Figure 4). 

% 

CMTHMKOBa O~OKOBO- 
Pi3HOTpaBHO- I lHPi f tHO-  sna~oea 3naKoBa nHpiftHa wHMqHMKOB 

Figure 3. Removal of 13'Cs by Meadow 
Families in YO of Total Stock in Soils 

Radioeclogical Feasibility of the Project 
Andrei N. Arkhipov and Nikolai D. Kuchma 
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Figure 4. Standardized Radioecological 
Characteristics of the Territory of the Exclusion Zone 

This schematic map depicts the level of 
contamination of meidow vegetation with 
1 3 7 ~ s  in the even ofthe uniform 
contamination of the territory of the 
Exclusion Zone. The intensity of the 
coloring in this map represents an increase 
in the Conversion Factor. 
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 
b' iocenoses. 

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 fiom 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. 
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 

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 13’Cs. The content of ”Sr will continue to 
grow. 
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 jiel-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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PaduonozuvecKag xapaKmepucmuKa 30nbi omvyxaenuq 
O q y x m ~ a x  ¶ A X  3 o ~ a  s a r p m ~ e ~ a  I3'Cs c IIJIOTHOCT~IO 6onee 15 H %r c B b r m e  3 KM/KM2. 

K o T o p o r o  no n e p ~ @ e p k i k ~ s o ~ b ~  COCT~BJHIOT OKOJIO 0.1 K d d  . 
K p O M e  TOTO B 3TOfi 3 0 H e  6bm AHCneprMpOBaH TOrfJIHBHbI~ IIJIYT.OHH& S O B H k l  BbInaAeHHfi 

Paduonowuecuuii ananw peanwayuu npoerona 6 %pH06bUZbCKOfi 3one 
AHnpeii H APXEIIOB, H E K O ~  A. Kywa 
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Muzpayurr paduonymudoe e cucmeMe no yea-pacmetlue 
BepTkIKaJIbHaX ~ ~ r p a m  ~ W H O H Y K I I ~ O B  B nowmx I I ~ E I B ~ A H T  K HX nepepacnpenenem B 
KOpHeO6HTaeMOM CJIOe rpyHTa M OAHOBpeMeHHO C @kI3EiKO-XHMWleCKIlMkI I’IPOIJeCCaMEi EI3MeHIMIT 
KOJIWIeCTBO PWHOHYKJIMAOB, AOCZyllHbIX 
3KOCMCTeMaX CKOPOCTb Ei XapaKTep MEiTpalJEiOHHbIX IIpOueCCOB 3 H a m e J I b H O  pa3JIkIYWTCX. 
OCHOBHbIMM @aKTOpaMM BJIklrnoJ4HMM H a  IIpOueCCbI MkITauMM XBJIRlOTCX TMn IIOSBbI, er0 
Ta6~1wqa 2. I h p a M e T p b I  MOfleJIH M H r p a q H H  l3’CS B I’PYHTaX 3 0 H b I  O T m e H H H  

nOrJIOIQeHkIII P a C T e H b E I .  B JryrOBbIX kI JfeCHbIX 

1 4 AOM D1, D2, v1, cMIma v 2 ,  cMIpix 
~LICIPOMHT C h G / r O n  CM%OA - 
pHpq?omeii MemeHaoM 6~crpo~~r 
OP- v w m a  PHpyIomm 

a .............................................. .I-.”.----.-.l.l.-.l......---__-.I .... --.--..I---..--.---.--.------.--.-...- ...... -I.- 
0.00941 0.27283 ,4epHOBO-CM6OnOmOlI€iCIaX, CyXO- 0.45 . 0.09521 0.04577 

Jp0Bb.fi-i 
0.25033 0.06025 , 0.08663 ~~pHOBO-CJIa6O~OAOlI€i~ W B O -  0.3 1 0.0233 

CreWOii 
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PROCEEDINGS OF THE CHORNOBYL PHITOREMEDIATION AND BIOMASS ENERGY CONVERSION WORKSHOP 
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PROCEEDINGS OF THE CHORNOBYL PHYTOREMEDIATION AND BIOMASS ENERGY CONVERSION WORKSHOP 
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*a. Cheniobyl Scientific &Technical Centre for International Rescirch .. . ... .-. -- --. CkSCIH 
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r ,  +'CHORNOBYLEXCLUSION ZONE CONTAMINATION ~HARACXEERIZATIOON 

The Radiation Situation of the External Surroundings in the Territoly of the Chornobyl 
Exclusion Zone 

Valerii V. Derevets 
State Regional Environmental Monitoring and Dosimetry Control Enterprise 
(DP RADEK), City of Chornobyl 

ABSTRACT 

The radiation situation has been described for objects of the environment (soil, air, surface and 
ground waters) of the Chornobyl Zone. The dynamics of the changes in radiation characteristics 
have been shown for the environment over the past ten years. Data is cited characterizing the 
flow of radionuclides outside the Exclusion Zone. 
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Pamzamiomioe cornomme BHennieii c p e w  Ha Teppmopmi ~ep~06b1~1bcxoii 30m1 omyxaemsr. 
Barrep& BJepeBes 

115 
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EHOM4CCbIB3HEPlTllO 
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Chernobyl Zone Radiological Characterization 
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PROCEEDINGS OF THE CHORNOBYL PRYTOREMEDIATION AND BIOMA~S ENERGY CONVERSION WORKSHOP 

I .----- < 
8 CHORNOBYL-EXCLUSION ZONE CONTATVTINATION CHARACTERUATION I 

Radiation Monitoring Criteria of Project Implementation 
Oleg A. Bondarenko 
Institute of Radiation Protection, Ukraine 

ABSTRACT 

The report reviews the dosimetric aspects and criteria for implementing the project for 
phytoremediating the Exclusion Zone. This is done both fiom the point of view of the 
effectiveness of work aimed at lowering the potential irradiation dose and fiom the point of view 
of providing radiation safety for personnel involved in implementing the project. . 

On the whole, activities within the fiamework of the phytoremediation project may be classified 
as post-accident measures or counter measures aimed at countering or reducing the radiation 
effects of ionizing radiation on the populace. This may be viewed as one of the primary aims of 
the project. Within the fiamework of efforts aimed at dosimetry support for the project, the 
following tasks are suggested to be performed: 

1. Developing methods of comprehensive dosimetry certification of the territory. 

2. Elaborating specific criteria for rehabilitating the territory, primarily, control levels. 
3. Selecting a critical contingent, both among the populace and among professionals taking 

part in the project. 

4. Organizing dosimetry monitoring of professionals and the populace for internal and external 
irradiation. 
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hlATEPEfAJXb1 YEPHOBbIJIbCKOrO CEMHHAPA ll0 B O C < J T A H O B J I E ~  IIPEl IIOMOrrIu PAClTiTLBHO(3TII El IIPEO6PA30BAHHIO 
PElOMACCbI B SHEPIXI0 

~03mernpuvec~ue Kpumepuu peanu3a yuu n p o e m a  
Oner A. Eomapemo 
M H C ~ T Y T  p w a q k ~ o ~ ~ o i i  3amm1, YKpma 

B goKna,qe paccMoTpeH61 ,qom~e~prnecme acnemm H Kpmepmi p e m a q m i  npoema Cpmo- 
peMemaqm 30WI om.yx,qem, KSLK c TO= 3 p e m  S@@~KTEBHOCTE nposeAeHEuI pa60~  c 
qemm cmxemm noTeI-rmiamHbnr a03 o G ~ g ~ e ~ ~ l f ,  TZUX H c TO= 3 p e m  06ec11eqe~nm 
p a ~ ~ a q a o ~ ~ o i i  6 e 3 o n a c ~ o c ~ ~  nepcoHma, y9acmymmero B pea~1~3aqm npoem.. . 

B qenoM ~exrenmocm B p m a x  npoema Cpmo-PeMejpiq MOXHO Knacc@mwpoBan KSLK 
nocnemapmiirme M e p o n p m  ~TIEI KoErpMepbI,. Hanpmnemme Ha qeAompweme ~ T I ~ I  
cmxseme pa,qmwxomoro B O ~ A ~ ~ ~ C T B H I I  Hommqymnero H ~ J ~ T ~ H E X  Ha Haceneme.  TO 
MOXHO paccMaTpmaTa KSLK owry ~3 OCHOBHHX qeneii Aamoro npoem. B p m a x  pa60~  no 
~ 0 3 m e ~ p m e c ~ o ~ y  06ecneqe~mo npoema npennonaramcs Bmomeme cneAyronqHx 3 a a ~  
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I 7- .. . OVERVIEW OF ONGOINGPROJE<=TS - 
2Jie Chornobyl Bioremediation Project 

Larry Baxter 
Sandia National Laboratories, Livermore, California 

ABSTRACT 

The explosion at the Chornobyl nuclear power plant in Ukraine released more radioactive 
material than any event in recorded history. Radioactive fallout contaminated large areas of 
Ukraine as well as many European countries. About 15% of the annual state budget in Belarus is 
allocated to trying to eliminate consequences of the accident, but the scope of the problem is too 
large to control. Contaminated wood is spread by forest fires as well as by domestic consumption 
for heating and cooking. People also eat contaminated mushrooms and berries. 

Bel& does not have enough domestic energy, and many power plants that are operated with 
natural gas and fuel oil need to be rehabilitated. Bio-resources could supply needed energy, and 
this would help to remediate affected territories. Contaminated Chornobyl area wood represents a 
huge potential supply of energy. 

In 1994, Sandia National Laboratories (SNL) and the Institute of Power Engineering Problems 
(IPEP) initiated a project to assess the economic, technological, and ecological aspects of 
converting biomass into heat and power in Belarus, with an emphasis on the contaminated 
regions. The U.S. Department of Energy funded this work through the Initiatives for 
Proliferation Prevention program. The U.S. government support for the project is intended to 
provide meaningful technical work to scientists and engineers formerly engaged in developing 
weapons of mass destruction. The U.S. Government role is designed to be phased out as the 
project matures to a profitable enterprise through a three-phase process: a feasibility study (Phase 

9 l), pilot-scale testing (Phase 2), and commercialisation of the project on a basis of 
demonstration-scale facilities (Phase 3). The project is currently in the middle of Phase 2. 

. 

After the feasibility study was completed, SNL signed a Cooperative Research and Development 
Agreement (CRADA) with Wheelabrator Environmental Systems, Inc., which allowed the 
project to proceed into Phase 2. Wheelabrator contributes its own support, and the Integrated 
Performance Evaluation Program (IPEP) is supported through a new contract with SNL as well 
as by the Belarusian government. In September of 1997, several institutions in Denmark joined 
the project, including ELSAMPROJEKT, Riser National Laboratory, and the Danish Forest and 
Landscape Research Institute. The Danish government supports the Danish involvement through 
the Danish Environinental Protection'Agency and the Energy Agency. The United States, 
Danish, and Belarusian activities are coordinated as one project, with overall project leadership 
from SNL and technical leadership on specific tasks distributed among the collaborators as 
appropriate. There is substantial international co-operation in essentially all tasks of the project. 

*This combined project's central objective is to mature the proposed solution to the point that it is 
ready for commercial implementation. The schedule is for the combined project to be completed 
in 1999, Le., to have completed all technical and regulatory steps to apply for license for 
commercial operation before the year 2000. 

. 

The technology to be used should operate reliably, emit a minimum of particulates, be flexible in 
handling fuel and ash, be easily maintained in the Belarusian economy, and be safe and easy to 

, 
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operate. The ash from the process will contain nearly all of the radionuclides and can be disposed 
of as low-level radioactive waste. Cogeneration facilities would produce from 10 to 50 M W ,  of 
electricity as well as steam for district headting or industrial activities. It would be necessary to 
make several tens of boilers, depending on their size, to process all of the contaminated forest 
material from 20 to 30 years. 

The project's tasks are divided into objectives and deliverables as well as the status and summary 
of progress as well as future work to be done. The health physics issues include 1) dose before 
decontamination, 2) dose to workers, including power plant operators, 3) dose to the population 
fiom stack releases, 4) radioactive ash, and 5) dose after decontamination. 

People in the contaminated forest receive the highest doses. Most dosage is caused by 
contamination fiom the forest floor, but some is caused by contaminated vegetation (trees). 
Eating mushrooms fiom the forest floor can can cause a high dose. However; people receive only 
very small doses fiom breathing forest air or using wood for heating. 

The baseline study is finalized. However, some of the parameters are uncertain and will be re- 
evaluated in the context of task e (dose after decontamination). PEP was originally scheduled to 
measure doses from stack releases, but they have insufficient resources. Arrangements are being 
made for Ris0 to make the measurements with their impactor system. The sampling gauge for 
analyzing the particle spectra and finding the filter efficiency is being prepared so that sampling 
can take place in the autumn of 1998. 

Belarusian regulations for disposing of radioactive ash are still based on a decree from Soviet 
Union days, and it is believed that this is too strict. A risk analysis is being done to determine if it 
is safe for the regulations to be more lenient. The leaching of cesium fiom the ash has already 
been measured, and measurements of strontium are planned. This work will probably take some 
years, but all involved parties are convinced that the regulation work will not stop the progress of ' 

the work going on in other parts of the project. The necessary parameters for performing this 
study are not yet available, but are being collected from different sources, including Russia and 
Ukraine. 
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The Chernobyl 
Bioremediation Project 

L. Baxter, A. Grebenkov, D. Allen, H. Junker, J. Roed, P;Kofman 

Sandia National Laboratories, Institute of Power Engineering 

Elsamprojekt, Riser Laboratory, Forest & Landscape Inst. 
Problems, Wheelabrator Environmental Systems, ' . 

The Chernobyl Bioremediation 
Project has Several Objectives 
Environmental Remediation of Chernobyl- 
Contaminated Regions of the FSU 
Steam and Power Generation fiom Biomass 

Weapons Nonproliferation (US  funding) 
in the FSU 

The Chernobyl Bioremediation Project 
L. Baxter, A. Grebenkov, D. Alien, H. Junker, J. Roed, P. K o h  
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Outline 
Objectives, History, and Size of Project 
Major Institutions Involved 
Feasibility Study and Characterization 
RiskAnalysis 

. Simulatioflilot Testing of Concepts 
Demonstration-Scale Status 

CBP Began Work 4 Years Ago 
Have completed 
commercial-scale 
simulation and some pilot- 

Dmomb.l(on- 
ScUo Fadnly scale tests in US. 

F-v andc€dlwor 4Ud Will complete remaining 
pilot-scale tests in FSU 
this summer. 
Demonstration-scale 
designs have been 
inititated. 

Phase1 phue II Phne 111 

The Chernobyl Bioremediation Project 
L. Baxter, A. Grebenkov, D. Allen, H. Junker, J. Roed, P. Kofman 
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. Cotamination Profiles are Known 

E l r n W  
t '61 / 

, n ~ 

V 

t 1 ° i  

IPP projects are 
organized within a 
technology group. 
BNL projects focus on 
ash disposal and 
phytoremediation. 

' 0  NREL project focuses 
on non-contaminated 

Committed M 

CBP BNL NREL 
biom 

The Chernobyl Bioremediation Project 
L. Baxter, A. Grebedov, D. Allen. H. Junker, J. Roe& P. Kofinan 
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Health Physics Analysis 

Radiative effects on health are not trivial. 
Anxiety over radiative environment and 
lack of jobs are at least as significant. 
This project can address most aspects of 
Chernobyl-induced health effects. 

Boiler-related Risks are Under 
Analysis 

H u m l o .  
I .  

Standardwestern . 

designs are used for 
calculations. 

and stack emissions 
are characterized. 

Doses from deposits . 

The Chernobyl Bioremediation Project 
L. Baxter, A. Grebenkov, D. Allen, H. Junker, J. Roed, P. Kofman 
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Beta Activity of Flyash 

The Chernobyl Bioremediation Project 
L. Baxter, A. Grebenkov, D. Allen. H. Judcer, J. Roe& P. Kofman 
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Activity Depends on Size 
5 

4 

3 s  
E 
Y 

ln ln 

2 s  

1 

0 

Particulate Capture is Essential 

The Cherno.by1 Bioremediation Project 
L. Baxter, A. Grebenkov, D. Allen, H. Junker, J. Roed, P. Kofinan 
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Technology Selection is Mature 
n 

Considered kilns, 
bubbling beds, fluid 
beds, gasifiers, and 
stoker-fired grates. r 
Design criteria 
emphasized robust, 
low-maintenance, low-. 
risk technology. 

. .  The Chernobyl Bioremediation Project 
L. Baxter, A. Grebenkov, D. Allen, H. Junker, J. Roed, P. Kofinan 
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Boiler Specification 

Fuel ............................................. Wood chips/sawdust/Butane gas/ 

Firing system .............................. Spreader stoker (4 smeaders) 
Fuel consumption, wood chips 

(45 % water content) .............. 31 t/h 
Steam output .............................. 108 t/h, 102 bar 
Steam temperature ..................... 542 OC 
Boiler efficiency, wood chips ...... 92.3 % 
Max. water content in fuel .......... 60 % 

fuel oil 

The Chernoby1.Bioremediation Project 
L. Baxter, A. Grebenkov, D. Allen, H. Junker, J. Roed, P. K0fiua1.1 
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Joint Stock Sawmill 

- B  ylr -- - 
The Chernobyl Bioremediation Project 

L. Baxter, A. Grebenkov, D. Allen. H. Junker, J. Roed, P. Kofman 
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An Overview of Argonne National Laboratory's Phytoremediation Program 
RR Hinchman 
Don Johnson 
Cristina Negri 
Argonne National Laboratory, Argonne, Illinois 

ABSTRACT 

Argonne's research in phytoremediation started in 1990 under fbnding by the Gas Research 
Institute. Current and more recent work is knded by the U.S. Department of Energy Argonne 
Group West and EM-40, and the U.S. Energy Research, Laboratory Technology Research 
Program, Argonne National Laboratory, under Research and Development Agreement (CRADA) * 

with Applied Natural Sciences, Inc. (Fairfield, Ohio). 

Our approach is focusing on extending phytoremediation beyond the traditional 
hyperaccumulator species to large, robust perennial plants with high biomass production and 
transpiration rates, extensive root systems, and coppicing capability, and on evaluating 
contaminant partitioning and sequestration in all plant organs. We are also investigating root 
harvesting to maximize contaminant removal. Throughout the years, several cooperative 
Argonne-Industry Projects have been conducted, with the objective of providing the baseline 
science and data for real-life phytoremediation applications. 

In the zinc uptake experiments, hybrid poplar plants were able to totally adsorb and sequester up 
to 800 mg/L Zn in nutrient solution in about 4 hours, during a single pass through the root 
system. A mean concentration of 38,000 mgkg Zn was found in root samples at the highest 
treatment levels, while translocation to wood and leaves appeared relatively limited to 
approximately 2,000 mgkg. Hybrid willows and poplars were grown in soil from Picatinny 
Arsenal (contaminated with lead and arsenic), and in quartz sand containing.10- and 100-ppm 
soluble lead or arsenic. Results indicated a removal of 10% available Pb and 1% total As in soil, 
and approximately 40% of both elements in sand by willows in a 30-day growth period. 

A new, improved, and faster method was developed by our group to determine degradation 
products of chlorinated organics .in plant tissue. Degradation of trichloroethlyene and 
perchloroethylene was observed in hybrid poplar and willow. 

We have also developed cqnsiderable expertise in salt tolerant plants (halophytes). Salt tolerant 
plants were selected and tested for volume reduction of salt brines from oil and gas production. 
Field tests conducted at an oil production site in Oklahoma confirmed greenhouse data of 75% 
volume reduction h less than 8 days by evapotranspiration by halophytes. 

The Remedial InvestigatiodFeasibiIity Study for Argonne-West at the INEEL recommends 
phytoremediation as the preferred remediation mediation method, contingent on results of bench 
scale testing. Two sites at Argonne-West have been selected for the initial investigations. Bench 
scale testing on a soil contaminated with 13'Cs and another with inorganics (As, Cu, Pb, Hg, Ni, 
Zn) is underway. Field testing on these two soils and testing on other five soils will be conducted 
after reviewing obtained data. 
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Our CRADA Partner, Applied Natural Sciences, Inc., has developed a patented technology 
(TreeMediationD) that uses deep-rooting woody phreatophyte plants, such as willows and 
poplars, to remediate groundwater at much deeper locations than the traditional 
phytoremediation application. This technology is commercially available and implemented at a 
number of sites throughout the United States. 
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. '\ . An Overview of 
Argonne National Laboratory's 

Phytoremediation Program 

Providing the Baseline Science and-Data 
For Real-Life Phytoremediation Applications - 

Partnering with Industry for Success , 

M.C. Negri, R.R. Hinchman, and D.O. Johnson 
Energy Systems Division 

Argonne National Laboratory 
Argonne, Illinois, USA 
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The phytoremediation research 
at ANL and ANS, Inc. 

is focusing on: 

+ Extending phytoremediation beyond the traditional. 
hyperaccumulator species to large, robust perennial 
plants with high biomass production and transpiration 
rates, extensive root systems, and coppicing capability. 

+ Evaluating contaminant partitioning and sequestration 
in all plaht organs. 

+ Investigating root harvesting to maximize contaminant 
removal. 

Cooperative Argonne -Industry Proj.ects 

+ Zinc Uptake in Hybrid Poplar ( A N S )  

6 Uptake and Partitioning of Lead 

+ Uptake and Fate of Chlorinated 
and Arsenic by Willow and Poplar (ANS)  

Organics in Woody Plants (ANS) 
+ Biotreatment of Produced Waters (GIU 

and Devon Energy Corp.) 

An Overview of Argonne National Laboratory's Phytoremediation Program 
M.C. Negri, R.R. Hinchma~~ and D.O. Johnson 
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Our CRADA Partner: 
Applied Natural Sciences, Inc. 

An Example of Existing Field Application of TreeMediatior?@ 

Control 
Area 

Ground Water 

An Overview of Argonne National Laboratory’s Phytoremediation Program 
M.C. Negri, RR Hinchman, and D.O. Johnson 
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Zinc Uptake in Hybrid Poplar 
+ Up to 800 m@ Zn, the 

zinc was totally and 
selectively adsorbed and 
sequestered by the plants 
in about 4 hours, during a 
single pass through the 
root system. 

4 A mean conceniration of 
38,000 mgkg Zn was 
found in root samples at 
the highest treatment 
levels 

4 Translocation to wood 
and leaves appeared 
relatively limited 

Picatinny Arsenal Soil Experiment 

4 Hybrid willows and 
poplars were grown in soil 
from Picatinny Arsenal, (Pb 
and As contaminated), and 
in quartz sand containing 
10 and 100 ppm soluble 
lead or arsenic. 

+ Results indicated a removal 
of 10% available Pb and 1% 
total As in soil, and appxox 
40% of both elements in 
sand by willows in 30 days 
growth. - -  i. . *I 

An Overview of Argonne National Laboratory’s Phytoremediation Program 
M.C. Negri, RR Hinchmau and D.O. Johnson 
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Uptake and Fate of Chlorinated 
Organics 

+ A new, improved and faster method was 
developed to determine degradation products 
in plant tissue 

+ Degradation of TCE and PCE was observed in 
hybrid poplar and willow. 

Biotreatment of Produced Waters 
by Halophytes 

+ Salt tolerant plants (halophytes) were selected 
. and tested for volume reduction of salt brines 

from oil and gas production. 
+ Field tests conducted at an oil production site . 

in Oklahoma confirm greenhouse data of 75.% 
volume reduction in less than 8 days by 
evapotranspiration by halophytes. 

. A  

An Overview of Argonne National Laboratory’s Phytoremediation Program 
M.C. Negri, RR Hinchman. and D.O. Johnson 
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Argonne- West Phytoremediation 
Bench Scale Testing . 

2 sites at ANL-W 
contaminated with,, 
radionuclides, and 5 
with inorganics need 
'remediai5on 

9-04 at INEEL 
xeconunends 
phytoremediation as 
the preferred 
remediation method, 
contingent on results 
of bench scale testing. 

ms for ANL-W ou 

Current Work 

4 ANL is conducting bench 
. scale testing on a soil 

contaminated with 137Cs. 
and another with 
inorganics (As, Cu, Pb, 
Hg, Ni, Zn). 

will be conducted after 
reviewing obtained data. 

+ Field testing is planned 
for fall 1998 

+ Tesiing on other soils 

. 

An Overview of Argonne National Laboratory's Phytoremediation Program 
M.C. Negri, RR. Hinchman, and D.O. Johnson 
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Dr. Donald 0. Johnson 
Argonne National Laboratory, 
Energy Systems Division 
9700 S. Cass Ave, ES-362 
Argonne, X 60439 
td +I 630 252 3392 
fax +1630 252 7288 
email: don-johnson@qmgate.anl.gov 

An Overview of Argonne National Laboratory’s Phytoremediation Program 
M.C. Negri, RR Hinchman, and D.O. Johnson 
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Biomass Valorization and Remediation of Contaminated Land: Overview of International 
Cooperation Projects Involving PEP 

A. Grebenkov 
Institute of Power Engineering Problems, Belarus 

ABSTRACT 

No abstract was submitted for this paper. 
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Biomass and Bioenergy: Chornobyl Remediation Options 
Ralph Overend 
National Renewable Energy Laboratory, Golden, Colorado 

ABSTRACT 

The United States is the major user of biomass and bioenergy in North America. It dso supports 
a research, development, and demonsGation (RD&D) program for modemizing biomass systems 
to meet the needs of the 21" century. Biomass and bioenergy play a major role in greenhouse gas 
mitigation ind in rural and economic development. The potentials for carbon offsets by 2010 are 
forecast at 35 to 40 Mt of carbon, fiom co-firing biomass in coal-f!ired generating stations, 
adopting integrated gasification combiried cycle systems in the co-generation systems of the pulp 
and paper industry, and using cellulosic ethanol in transportation. The programs underway 
include research and development of power and liquid-fuel systems, demonstrations of advanced 
technologies, development of dedicated feedstocks, and deployment of integrated crop and 
electricity production systems. 

' 

The United States uses about 2.8 EJ (exajoules [lo1* joules]) of biomass and bioenergy, 
representing about 3.2 percent of primary energy consumption. Biomass serves four primary 
market sectors in North America: 1) residential heating and cooking needs, 2) the process-energy 
requirement of biomass industries, e.g., pulp and paper, wood processing, and the sugar 
industries, 3) electricity production, and 4) transportation fuels. Although the still large 
traditional usage in the residential sector is diminishing, the biomass industries are looking to 
increased efficiency of transformation and an expansion of the production of combined heat and 
power (CHP). Liquid fuels for transportation come mainly from corn in the United States, where 
there is also an increasing emphasis on producing electricity from biomass. 

. 

' 

BIOMASS AND BIOENERGY STATISTICS AND TRENDS ' 

The 1995 consumption and applications of biomass are shown in the following table for the 
United States. Generally, the consumption of biomass for residential heating and cooking has 
decreased because it is not a very convenient fuel. The exc,eption is the United States and 
Canadian pellet fuels industry ih which there is growing output of mainly wood-derived pellets 
used in high-efficiency specialized combustors in residential and commercial installations. 
Production for the 1996-1997 heating season in the United States and Canada was about 
620 kilotonnes (kt), or about 10.8 PJ (petajoules [1015joules]), a significant increase over the 
1993-1994 figure of 475 kt. The growing sectors are the CHP markets, the direct generation of 
electricity, and the production of liquid fuels. Electricity and liquid fuels represent modem 
applications of biomass and bioenergy, are the areas in which most growth has occurred d e g  
the past few years, and are the major areas of RD&D being undertaken in the United States. 
These and feedstock development are the central thrusts of biomass and bioenergy development, 
which addresses not only energy, but also greenhouse gas mitigation and rural development. 

MAJOR DEVELOPMENT AND DEPLOYMENTS IN THE UNITED STATES 

Liquid Fuels: The most important liquid fuel is ethanol; biodiesel makes a much smaller 
contribution. The current production of ethanol is almost all fi-om cereals-mostly maiz-and is 
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used in blends with gasoline as an oxygenate under the provisions of the Clean Air Act. Research 
and development in the production of ethanol from lignocellulosics has been supported for many 
years. The National Renewable Energy Laboratory (NREL), a major alternative fuels user 
facility with a unique 1-todday pilot plant process development unit (PDU), supports industrial 
applications of ethanol from biomass technology. The PDU .has fill pretreatment, continuous 
fermentation, and downstream processing capabilities, including four 9,000-liter fermentors, a 
Sunds pretreatment reactor, and a 40-foot distillation column. Partnerships are in place with 
several industrial f m s  to apply the technology commercially. MREL has designated its 
Biotechnology for Fuels and Chemicals Center to provide a focal point for technology 
advancement and application in the biotechnology and bioprocessing arenas. 

Several projects for moving the conversion of lignocellulosics to the demonstration and 
production phase are underway. In 1998, BC International is expected to start the development of 
enzymatic conversion of bagasse in Jennings, Louisiana. Masada Resources is developing a 
project using concentrated acid municipal solid waste (MSW) hydrolysis to ethanol in Orange 
County, New York BC International is also the owner/operator of the projected rice straw-to- 
ethanol plant in Gridley, California. And Arkenol is developing a rice straw conversion plant in 
conjunction with Sacramento Municipal Utility District (SMUD) in Sacramento, California. 

Electricity: The biomass power systems group has three major areas of technology 
development and a major integrated systems development and demonstration program underway. 
The three major technology areas are 1) the development of advanced integrated gasification and 
combined cycle (IGCC) systems based on the Institute of Gas Technology (IGT) ahd Battelle 
Columbus Laboratory technologies, 2) co-firing in utility stations with coal, and 3) small and 
modular systems development. The latter is a new program initiative for FY 1998 and will 
address the role of distributed generation from biomass in the context of deregulating the U.S. 
utility system. Co-firing is a very near-term opportunity that has a very high potential for cost- 
effective carbon offsets at very little technical risk in the conversion technology and creates the 
market pull for the developing robust and sustainable feedstock supply systems. The potential for 
this avenue and for gasification systems is discussed below. 

Gasification Technologies: Two major systems are now being supported in joint industry and 
government demonstration projects: the IGT Renugas@ pressurized aidoxygen gasifier and the 
Battelle indirect gasification system. The Renugas@ 45-90 todday engineering development unit 
operates at 1-2 MPa using bagasse as feed and is located at the HC&S sugar mill at Paia, Maui, 
Hawaii. It is currently being operated by Westinghouse to test its high-temperature ceramic , 

filters in a hot-gas cleanup unit. The Battelle system is being scaled up by its licensee Future 
Energy Resources Co. (FERCO) in Vermont. The product gas from this 200-todday unit is 
co-fired in the Burlington Electric Department’s Josiph C. McNeil Station, a S O - M W ,  traveling 
grate wood-fired boiler. The initial gasifier power output will be 8 M W e .  The second phase will 
demonstrate the use of the medium calorific value product gas in a gas turbine of about 8 M W e  
capacity and continue to produce about 4 M W e  by means of cofiring with wood in the boiler, 
resulting in a total of 12 MW,. 

Integrated. Systems: A competitive procurement, “Biomass Power for Rural Development,” 
Solicitation No. DE-PS36-95G010052, was issued in late December 1994. This collaborative 
effort between DOE, the United States Department of Agriculture (USDA), and industry is 
designed to exploit near-term niche market opportunities for integrated biomass feedstock 
conversion and power-production systems. Three initial awards (projects) were made. 
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- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Residential ,597 
Total End-Use . 2827 

(1) Chariton Valley Cofiring Project. This compiises a switchgrass dedicated feedstock 
project providing 35 MW co-fire with cod in an existing power plant. 

J 
' 

Solid Biomass 
MSW 
Gas + Liquids 
Total Supply 

Transfers 
Electricity + CHP 
Pulp & Paper 
Wood Products 

End-Use: 

. Food Sector 
Transportation 
Commercial 

(2) Minnesota Agri-Power Project (M~IVAP). In this integrated opportunity, alfalfa leaf is 
separated fiom the stalk used as fuel for a 75-MW gasification combined cycle plant. 

2401 
270 
156 

2827 

82 
. 1595 

217 
26 1 

0 
31 
45 

(3) New York Sa& Project. This will produce willow as a dedicated feedstock for co-firing 
with coal in two New York utilities, Niagara Mohawk (NIMO) and New York State Electricity 
and Gas (NYSEG). 

APPLICATIONS TO TEE CHORNOBYL EXCLUSION ZOME 

Since export of wood products fi-om the zone is not allowed, the transformation into heat and 
power for internal use in the zone is the most obvious of the potential applications of biomass 
conversion technology. Existing fixed or fluidized bed combustion systems, with steam 
generation and a turbine generator, are commercially available. Gasification systems, such as the 
IGCC systems described above, will also be available.commercially by the year 2000. 

Liquid fuels production is an option; however, the technology is not yet available commercially 
and has the potential to generate liquid effluent streams that require processing before being 
returned to the environment. Compared with a dry-ash system fiom combustion or gasification 
technologies, this is an additional level of complication and investment that will need to be 3 

carefully assessed in the context of treating these effluents with radioactive contaminants. 

Biomass Energy in North America (EA data for 1995) 
(units are petajoules [lO'SJoules]) 
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END NOTE 

The activities and programs descri'bed in this paper are constantly evolving, and interested readers can follow 
updated information on the World Wide Web sites listed below. 
DOE Biomass Power: h t t p : / h .  eren. doe.gov/biopower/ 
DOWOflice of Utility Technology (OUT): ht tp: /h-eren.  doe.gov/utiZitied 
DOE/ office of Transportation Technologies ( O m :  http:/hw.ott.doe.gov/ 
DOE/OEce of I n M  Technology (OIT): http:/h-oit.doe.gov/ 
Oak Ridge National Laboratory's BFDP: ht tp: /hw.  esd.ornl.gov/bfdp/ 
National Renewable Energy Laboratory (NREL): http://www.nreLgov/ 
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B ~ T ~ H O J I  B Mecreme r p w e i i  m a m  K m ~ @ o p m .  A KOMII~HHX Arkenol pa3pa6a~bmae-r 

O K ~ ~ O M  B ropoAe CaKpaMem m m  Karm@opm. 
rIPeAnPkIsITkIe If0 nepepa60~~e PMCOBOii COJIOMwl COBMeCTHO C rOpOACKHM KOMMYHaJIbHbIM 

(1) IIpoem no cMemamoMy TOIIJIHBY Ha cra~quu Chariton Valley. rlpe,qmnrreT c060ii 
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31 
45 

597 
2827 
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, 
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t 
'l , 

Biomass and Bioenergy 
Chornob yl 

Remediation Options 

Ralph P. Overend 

Biomass and Bioenergy Material Flows 

~ . _ I  . x.. . - .- _. I ^  .... .. ^ . I . .  . "  __,- "-- , .. .I., .... ~ " .  - . . . - . . . 
Biomass and Bioenergy Chornobyl Remediation Options 

Ralph Overend 
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Biomass Material Flows 

Lignocellulosic Conversion 
W o  main routes 

. - Thermochemical 
combustion for heat, power, combined 
gasification for CHP, syngas conversion 
methanol, methane, ammonia, liquid 

pyrolysis for CHP, adhesives, plastics 
fuels, hydrogen 

- Biological or fermentations 
ethanol, acetone, butanol, hydrogen 
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The Lignocellulosic Matrix 
Like a radial tire 
- An outer black 

lignin rich sheath 
- Hemicellulose 
- Cellulose fibers 
- Lumen coated with 

metabolic products 
protein 

' salts and 
electrolytes 

Thermochemical Systems 
Combustion 
- plant derived ash is fly-ash 
- also bottom ash from soil 
- high temperatures can volatalize K 

- plant derived ash is contained in char 
- gas volumes to be processed lower 
- high efficiency filtration demonstrated 

temperature problems 

= GasificatiodPyrolysis 

Mineral matter creates high 

Biomass and Bioenergy Chornobyl Remediation Options . 
Ralph Overend 
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Biological Svstems 

PROCEEDINGS OF THE CHORNOBYL PHYTOREMEDIATION A N D  BIOMASS ENERGY CONVERSION WORKS 

Lignocellulosics need pretreatment 

Fermentation mostly in dilute solution 
- acid, solvent, steam 

- typical ratio solid:liquid 5:95 
- exception solid state MSW digestion 

- requires treatment for BOD/COD - mineral matter solubilized 
- recovery difficult - used for irrigation 

Liquid effluent 

I .  

Cellulose 45% 

Hemicellulose 30% 

Lignin 15% 

1 Otherlo% 

Herbaceous Energy Crops Agricultural Residues 

Cellu - 
Hemicellulose Food and yard waste -13% 

Plastics and textiles -7% 

Lignin 
-22% 

Municipal Solid Waste .Underutilized and Short Rotation Hardwoods 

I I ' ~  < , .  . ^ I  , 1 .  
~. 

. . ...... . 
Biomass and Bioenergy Chornobyl Remediation Options 

Ralph Overend 
1-0 
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Bioethanol Production Process Diagram - 
Ethanol 

50 MW Power Module 

" ' I  . , "  
Biomass and Bioenergy Chornobyl Remediation Options 

Ralph Overend 
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Low-cost Generation = 

Calls fur 
Biomass 
Shed for 
Resource 
Management 

. Fuel Diversity 

100% 

SO! 

.60% 

40% 

20% 

' .. 
0% 

Biomass is NOT/NOT Biomass 

bark and clean wood chips 
forest residues 
urban wood waste 
cereal straws 
clean fraction of MSW 
food processing wastes 
Landfill gas 

- many different materials are biomass 

Biomass Power Lessons 
Learned I 
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~ L . ,  

Biomass Power Lessons 
Learned 

~ . Success = Having a Supply Curve 
- In the PURPA era the classic "tragedy of the 

- Need to have a resilient supply base - accommodate seasonal and market changes in 

Role of DFSS in expansion of Biomass Power 
- stabilizes supply (Quantity and Price) enables . 

commons" replayed! 

resource base - quantity/quality 

scale economies 

Development Strategy 
Assure low cost reliable biomass supplies 
- develop fuel shed concept 
- Feedstock collaborativeshokers 
- develop DFSS 
Improve efficiency and cost of conversion 
technologies 
- main power strategy is to convert clean coal 

- Use Co-firing to build infrastructure 
technologies into biomass 

, Eiomag and Bipenerd Chornobyl ReediationOptions 
Ralph Overend 
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Major Biomass Power 
Project Sites 

Biomass Gasification Facility ~ ~~ 

I DOE Partners 
Westinghouse Electric Corp. 
State of Hawaii 
IGT 
PICHTR 
HC&S 
HNEI 

Project Details 
100 tpd Bagasse 
Fluidized Bed - 2 Mpa 
Status: Operational 

Testing HGCU 

HC&S Mill Paia, Maui, Hawaii 

DP 



Minnesota Agri-Power Project 
’ (MnVAP) 

DOE Partners: 
Minnesota Valley Alfalfa 
Producers 
Northern States Power 
Westinghouse Electric Corp. 
Stone & Webster 
City of Granite Falls 
Carbona 
University of Minnesota 
IGT Project Details: 

USDA 

Jan-123-8 

Alfalfa, 2000 tondday: 75 MW 
Gasification Combined Cycle 

Power Contract Awarded Products: Electricity, Animal Feed 

Biomass and Bioenergy ChornobyIXemediation Options 
Ralph Overend 
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Chariton Valley Co-firing Project 
DOE Partners: 

Chariton Valley RC&D 

Local Farmers & Landowners 
Iowa Farm Bureau Federation 
Iowa State University 

Iowa Division of Soil Conservation 
Soil and Water Conservation Districts 

Energy Research Corp. 
' Project Details 

35 MW cofiring, 5-6 MW gasification 
Co-firing, Gasification, Fuel Cells 
Wood Residues, Switchgrass 16 kha 

I ,  . ~ 

I ,  

I , "  
. .., ' 

. .  
~ I, 

I~ , ,  ~. ~ 

. -  I~ . .  

The Salix Project 
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Salix Consortium Goals And 
Objectives 

* Goal: Commercialize willow feedstock production system 
for power generation with coproducts by 2002 
Feedstock Objectives - Attain average yields above 15 t/ha.a - Demonstrate production costs under $2O/dry ton at farm 

gate 
Power Project Objectives - Demonstrate automated and reliable feed systems for 

- Determine operating conditions that offer NOx 

- Demonstrate costs (O&M and Fuel) under 30 $/MWh 

cofiring and ultimately gasification 

reductions 

SALIX CONSORTIUM 

Phase 1 - Final design & project 
development at 2 Sites complete. . 

Greenidge now co-firing residues, 200 ha 
of cooperators. 

Phase 2 - Dunkirk conversion and crop 
. production systems demonstration 

Phase 3 - Commercial - initially 25 to . 
50% willow in fuel mix moving toward 
dedicated .operations by 2010 

' Biomass and Biaenergy Cbqrnobyl &m&tion Options 
Ralph Overend 
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SALK CONSORTIUM 
Phase 1 Milestones 

Project Development 
Co-fire design optimization 

Greenidge andDunkirk 
Dunkirk fuel supply plan 

System Development Plans 
Risk management plan 
System optimization and experimental 
studies 
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SALIX CONSORTIUM 
Project Funding 

$2.8 Million: $10.6 Million 

57.3% 

7.9% 

- 
22.8% 7.3% 

Phase 1 Phase 2 

Environmental Considerations 
Benefits - Near zero net C02 - Very low sulfur 
- Low ash with beneficial ag uses 
- Biosolids recycling opportunity - Stream and water resources protection 
- Less intensive cdtivation and maintenance than 
. traditional crops 

- Biodiversity 
- Habitat protection 
- Landscape ecology 

’ 

. Issues. 

3iomass and Bioenerb Chornobyl Remediation Options 
Kalph Overend 
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Economics 

- New crop with added value to farmers 
- Regional income and taxes 
- Rural revitalization - Local job creation 
- Reduced ,power production costs - Reduced fajm subsidies 

- Closing the price gap between willow and coal 

- Will introductory subsidies be neccessary - Optimization of product streams 

I .  . .  . ,. 
3~ 

coproducts for industy 

- Coal prices very soft 
- Advanced conversion cycles must be proven 

a ,  ~, z I ' I ,  
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Salix Research and 
Development Issues 

= Crop Development - prove planting and harvesting system technology - environmental issues - biodiversity, habitat assessment - evaluate use of biosolids - alternative fertilizers - demonstrate consistent high yields and pest resistance 
Power Conversion - ash quality - material handling systems - size and moisture reduction methods - economic retrofits for cofiring - prove gasification technology - storage systems and management 

I 

Removal 
9 Few plants concentrate Cs 01 

- m y  - They are congeners of 
- K and Ca 
- Follow same pathways 

Sr 

- Evidence 
1950 Atmospheric Depositio 
Fallout from weapons tests 

K is essential to plant gro 
- highly soluble 

Biomass and Bioenergy Chorqobyl Remediation Options 
Kalph Overend 
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.- . . ., ~. ... . 

- radioactive decay 
- dilutiodsubtraction 

exchange of 
nutrients to 
soiVwater layer 
well mixed model 

- soil amendments to 
adjust pH, maintain 

,, 

... . ~ 

, I. . ,  
. I  

\ I  

.~ 

, .  1 

. ,  . .  
, .~ . ,  :: . ~ . -  . 2 , .  

D.ilution an( Radioactive 
Decay Combined 

Radioactivity 

Dilution 
- 30 year half life 

- with replacement 
- Soils have 
- 250 k o a  K 
- exchangeable 

0 10 20 30 40 50 60 
Years 

3P 

190 



E 

Dilution Issues 
Key is to grow biomass rapidly 
K and Ca are bulk nutrients 
- These and other nutrients: N&P, trace 

elements have to be replenished to . 
’ maintain growth 
Energy Conversion system has to - isolate inorganic components safely 
Current B & B systems minimize ash - reduces commercial fertilizer costs - avoids fouling-slagging and disposal cost 

Minerals in Annuals and 
Perennials 

Annuals 
- high in ash e.g. wheat straw at 5 - 8% 
- annual soil tillage and disturbance 
- 3rd quarter harvest and storage 

- low in ash e.g. Pine and Aspen ca. 1% 
- regrowth from roots or rhizomes 
- soil disturbance only on replanting 
- longer harvest season 

Perennials 

Biomass and Biobnergy Chorriobyl Remediation Options 
Ralph Overend 
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Potassium Removal as a 
Function of Biomass Yield 
%K in Aspen 
- 0.09 
5 year harvest 
- with replacement 
- 250 kgha K 
- exchangeable 
Contamination 
- 10 Ci/ha 

21 I i s  

1 2 3 4 5 6  
Yield tha 

Biomass and Bioenergy Chornobyl Remediation Options 
Ralph Overend 
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Overview of Brookhaven National Laboratory Initiatives for Proliferation Prevention PPP) 
Projects. 

Paul Kalb 
Brookhaven National Laboratory, Upton, New York 

ABSTRACT 

Twelve years after the infamous Chornobyl nuclear accident, the Republic of Belarus is still 
living with the consequences and is faced with a monumental environmental cleanup. 'Under 
sponsorship of the DOE Initiatives for Proliferation Prevention (DOE IPP), Brookhaven National 
b laboratory (ENL,) has teamed with the Institute of Power Engineering Problems in Belarus on 
three Thrust I initiatives to provide technical assistance for the planning and actual cleanup of ' 

Chornobyl contaminated waste. These activities include investigation of thermoplastic 
encapsulation of ash resulting fiom the combustion of contaminated wood, the use of 
phytoremediation for the removal of radionuclides fiom the soil, and the evaluation of baseline 
risks associated with leaving contamination in place. Each of these projects has progressed 
smoothly and resulted in numerous published reports and papers presented at relevant scientific 
conferences. Discussions are being held with potential commercial partners for possible Thrust 
I1 projects. The ash encapsulation activity is described in a separate self-standing abstract, and 
the other two activities are described here. 

Approximately 19,000 km2, including forest and cleared land in Belarus, were contaminated by 
fallout fiom Chornobyl to levels in excess of 5 Ci/lnn2. Primary contaminants &e 137Cs and 
"Sr. ' The Institute of Power Engineering Problems (][PEP) in Belarus and Sandia National 
Laboratory (SNL) in the United States are evaluating biomass conversion of trees and forest litter 
to remediate contaminated forest regions. Methods that could be considered for crop lands and 
other small areas of contaminated soil (e.g., soil washing) are not practical over such extensive 
areas. One approach that may be feasible is phytoremediation, Le., the use of plants to remediate 
the soil. This concept is based on the fact that plants will take up elements fiom the soil, 
including contaminants, and retain them in their tissue. The 137Cs and "Sr behave chemically as 
if they were potassium and calcium, respectively, and the plants are unable to distinguish these 
radionuclides fkom the stable elements. Some plants, because of their nutritional requirements, 
take up more potassium or calcium than others. They would therefore be likely to take up more 
of the radionuclides as well. The 137Cs fiom the Chornobyl fallout is generally retained .in the, 
surficial lo-20 cm of the soil, while "Sr may be distributed to somewhat greater depths. 
Nevertheless, most of the contamination is close to the surface of the soil. This means that it 
may be possible to use shallow rooted (-20 cm) annual plants to remediate the soil. 

Three aspects of phytoremediation are important in determining if it is a viable technology for 
soil decontamination: 

1. Can a sufficient mass of plant matter be grown on a site? 

2. Can the plants sorb high enough concentrations of contaminants to make this technique 
technically and economically feasible? . 

3. Can the plants be harvested, volume reduced, and treated for disposal adequately?. 
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The work currently being completed will help address these questions. By comparing results 
with similar phytoremediation efforts conducted at BNL, it will also provide a greater 
understanding of the applicability of phytoremediation for use in the United States. 

BNL's Risk Assessment project is aimed at providing training on risk-assessment methodologies 
and evaluating the health risks associated with exposure of forestry workers and the general 
public due to existing conditions. In a parallel effort funded through Sandia National Laboratory 
at their Liverrnore facility, risks that are associated with harvesting wood for use in an 
engineered biomass conversion facility and risks associated with operating the facility are being 
evaluated. 

BNL staff provided training for I P E P ' M  on the use of R E S W  and RESRAD-BUILD, two 
computer codes commonly used in the United States for radiological risk assessment. These two 
codes were used by PEP staff to evaluate the radiation exposure fish to the maximally exposed 
individual and the collective dose for.five scenarios. The first four scenarios pertain to 
conditions as they now exist. The fifth scenario considers exposure due to waste management 
needs resulting from a biomass conversion facility. 

1. 
2. 
3. 
4. 
5. 

Forestry workers performing standard forest management. 
General public living in contaminated regions of Belarus. 
Firefighters exposed during forest fires. 
General public exposed due to the redistribution of contaminants fiom a forest fire. 
Preliminary assessment of exposure risks due to disposal of contaminated material 
resulting itom the use of a biomass conversion facility. This includes exposure during 
transportation of the wastes to the disposal site, handling of the wastes at the disposal 
site, and long-term exposure due to disposal. 
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MATEPziARbI YEPHOkbTJIbCKOrO CEMHHAPA IIO BOCCT'AHOBJEHH€O IWti IIOMOIQH PACTHTEIEHOCTM ti IIPEOEPA30BAHHIO 
EtiOMACCbI B 3HEPIXIO 

0630p npoe~mos Epyrcueiiisenc~oii Hayuoxianmoii JTa6opamopuu no unuyuamusm 
npedynpemdenrur pacnpocmpanenm 

IIon Km6 
EpyKxeiiSeHcKarr H~S~OH~JII,HEIX na6opa~opm, ~ T O H ,  m ~ a ~  HMO-$~O~~C 

DeHaHqan JET C ~ C T I I  nocne nemrmo s ~ a ~ e m o i i  ~ e p ~ 0 6 ~ 1 ~ 1 b c ~ o i i  mepHoii asapm 
' Pecny6~1ma Eenapycb Bce ewe m m e ~  c ee nocnencmmm, E nepen P~CII~~JIEKOG CTOHT 

@mmcnpyeMm MkrrmcTepcmoM 3~epre~~nck1 ClzIA H m q a a m  no npenYnpe~eHEn0 
pacnpocTpmem, IjpyrareiiseHcKax HWOH-H~X na6opa~opm 06ae&i~mac~ c EIHCIXTJTOM 
3 ~ e p r e ~ m e c m x  IIpo6ne~ B IjenapycE B pa6o~e H ~ A  Tpem HHHqHamaMH AosepHe I (Thrust 
I) c qemm npeAocTaBneHkur TexmmecKoro coAeiicmm B IIJI~HE~OB~HEIE E np0seAem.m ca~oi i  

TepMonnacmecKoro K~TICYJIHPOBSLH~III 3om1, B O ~ H E K ~ W ~ ~  B pe3ym~a~e c m  
3arpm~emoii ApeBecmm, H C ~ O J M O B ~ H E ~  BoccTmoBnemx IIH IIOMOIII~ p a c m e m a o m  ~J-H 
ygarremm ~3 nowm PEIJ~~OHYKJIHAOB E oqeEmy OCHOBHHX PECKOB, CBSI~~HHLIX c ocmnemeM 
3arpx3~em H a  MecTe. nporpecc K w o r o  ~3 BTHX rrpoemoB men G~CII~~II I ITCTB~HHO,  TO 
npmeno K prr~y O I I ~ ~ ~ O B ~ H H ~ , M  omeToB E pa6o~, npencTasnemmx Ha C O O T B ~ T C T B ~ I O ~  
H a y w b n r  KoHaepeRqazn. C noTemaTlbHblMH KormePgecmnm napmepami 6 m  nposenem 
0 6 c y x , 4 e ~  Ha IIpemeT B O ~ M O ~ H H X  npoemoB HosepEe II(Thrust 10. Meporrpmrm no 

MOHYMeHTaJ0HOTO ~ a c m ~ a 6 a  3aHaSa OYHCTKE OICJ?)9KXOIQeg CpemI. nOA 3lXTAOg 

OWCTKM 3qBHeHwnr Yep~o6bme~ OTXOAOB. 3TH pa60m BKm09WT E3yseme 

KaTIC~JDipOB~kno 30mI OIIEICiU!ILI B OTAeJTbHOfi, CaMOCTOXTeJEHOfi BbylePXKe, a,D$JTHe m e  
pa6on1 OIMCbIBaIOTCII B AaRHOM TeKCTe. 
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RlATEpElAJIbI %PHOEbIJIbCKOTO CEMHHAPA lI0 BOCCTAHORIIEHEIK) IIPH IIOMOUIH PACTHTEJBHO(JIU II IIPEOFPA30BAHIIIO 
GIIOMACCbI B 3HEPruK) 

IIOSBM BO~MOXEIO HcnomoBame OWIOJI~THHX pac - red  c H ~ ~ ~ r y 6 0 K O  pacnonoxemoh (= 20 
CM) KOpHeBOfi CECTeMOfi. 

3. Mory~  m pacTeHkuI y6apancx, 'm 0 6 a e ~  CorCpaIqamcx H I I P O B O ~ ~ C X  EDI agemama 
11epepa60ma rn 3axopo~em? 

C o - r p y m  EpyKxeiiseHcrcoG H~SEIOHZ~JEHOG JIa6opa~opm II~OBOAXT 06yse~ke ~ ~ ~ O T H E K O B  
E I H m a  3 ~ e p r e ~ w e c ~ ~ x  flpO6~1eM no E C I I O ~ ~ O B ~ I ~ I O  RESRAD E RESRAD-BUILD, 
myx pac4eTwEx Komm-repHfiM r iporpm,  06~174~0 npmemmmxcx B CoemeHHbnr 
LUTaTax AMepmn AJEX o q e m  pWonomecKoro pxicrca. 3m me pacsemme nporp-1 
H C I I O J I ~ ~ ~ T C I L  pa60~mnca~~i P h i m a  3~epremecrcqx npO6XeM mm o q e m  PECKOB 
p m m o m o r o  06rryse~m 
~ o 3 e  B IIIITH cqeHapm. IIepssIe s a v e  cqeHapm O T H O C ~ C I L  K YCJIOBHIIM CynTemymqm Ha 
cerom.  k r E  cqeHapHii PaccMaTpmaeT o 6 ~ q ~ e m e  B pe3ymb~a~e H ~ O ~ X O J I J ~ O C T E  

M ~ K C H M ~ J I ~ I I O  nomepxemoro' senoBeKa xi no KomemHoji 

06pa1~em.c  OTXOAaMEi B03HEKafOm[HMH OT 06aema EO 11peo6pa30~mmo ~ E I O M ~ C C ~ I .  

1. JIecwIe P ~ ~ O T H H K E I ,  ~ ~ H E M S L ~ O I ~ E ~ C I L  06r,ls~b1~ necmm XO~&CTBOB~HE~M. 

2. Hacenemxe, npoxmammee B nomepmkcx 3arpm~e11~1o pemoHax Eenapycxi. 

3. I I o x a p m ,  nomepxemme 06~1y9e11~1o BO Bpem necmx noxapoB. 

4. Hacenemxe, nomepxemoe 06nyqe~kno B pe3ym~a~e  nepepacnpenenem 
3 a r p 5 1 3 1 3 . m ~  BerqecTB B pe3ym~a~e necmx noxsapoB. 
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MATEPIlARbI ~PHOBblRbCKOrO CEMHHAPA IIO BOCCTAHOBJIEHMIO IIPH IIOMOII@i PAcTIITEJIbHOClX Ei IIPEOEPA30BAHIIIO 
EMOMACCbI B 3 H E P m  

5. IIpe,qBapmemHaz oqema PHCKOB 06~1yqem B pe3ymm~e s a x o p o ~ e ~ ~ u ~  3 a r p m ~ e ~ ~ o r o  
MaTepHiWa, XBJIHIO~erOC% pe3yJTb'%iTOM HCIIOJIb30BiLHHFI 0 6 a e m  qeo6pa30sa~m 
6~io~accb1.  TO Bmwam 06rry9eme BO Bpem nepe~o3m OTXOAOB K M e q  HX 
~ ~ X O P O H ~ H E I I I ,  06paqeme c OTXOA~M~I  IIO MecTy ~ ~ X O ~ O H ~ H H I I  E Aonrocpomoe 
~ 0 3 g e j i c ~ ~ ~ e  B pe3ym~a~e saxopoHemm. 
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PROCEEDINGS OF THE CHORNOBYL PHYTOREMEDIATION AND BIOMASS ENERGY CONVERSION WORKSHOP 

Overview of Chornobyl Environmental 
Remediation Projects at BNL 

Paul D. Kalb 

Chornobyl Fhyforemediafion and Biomass Energy 
Con version. Workshop 

February 23-25, 1998 

Environmental & Waste Technology Center 
Brookhaven National Laboratory- 

~~ ~ 

BNL Environmental & Waste Technology Center 

Mission: 
Development of innovative processes, analytical tools, and data, 
for the improved treatment I and disposal of radioactive, 
hazardous, and mixed wastes. 

Technical Focus Areas: 
Final Waste Forms 

Barrier Technologies 

.a Geochemistry 

Contaminant TransporVRisk Assessment Modeling 

Overview of Chornobyl Environmental Remediation Projects at BNL 
Paul D. Kalb 
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C h orn o by1 E nvi ronrnen tal Rem ed iat i on Projects 

Supported by DOE Initiatives for Proliferation Prevention (IPP) 

Collaboration between Brookhaven National Laboratory (US) and 
Institute of Power Engineering Problems (Belarus) 

Three Thrust 1 IPP Projects currently being completed: 
Thermoplastic Encapsulation of Contaminated Ash in Belarus 
(P. Kalb, A. Grebenkov, PI) 
Phytoremediation of Soils Contaminated with Radionuclides 
(M. Fuhrmann, A. Grebenkov, PI) 
Evaluation of Health Risks Associated with Cs-I37 
Contamination from Chornobyl Fallout in Belarus 
(T. Sullivan, A. Grebenkov, PI) . 

Thermoplastic Encapsulation of Contaminated 
Ash in Belarus 

Significant portion (20%) of forest a r e a  in Belarus was 
contaminated as a result of Chornobyl accident 

Radioactivity is concentrated in ash (by up 70 times) when 
wood’ is burned for heat and cooking fuel 

> 180,000 tons of radioactive hearth ash has been.  
accumulated and dispersed ’since 1 986. Much larger volumes 
expected from engineered biomass conversion 

Overview of Chornobyl Environmental Remediation Projects at BNL 
Paul D. Kalb 
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- 
0 

0 

0 

- 
Scale-up feasibility 
implementation issues 
Investigate thermoplastic processes for treatment of a s h  
products generated as a result of burning contaminated 
biomass in Belarus 

Thermoplastic Encapsulation of Contaminated 
Ash in Belarus 

Accomplishments: 
Four drums of radioactive ash shipped to U S  for treatability 
studies 

Treatability and scale-up feasibility studies indicate 
polyethylene and sulfur polymer microencapsulation 
technologies are viable treatment options 

Feasibility of implementation (e.g., regulatory issues, 
availability of materials and supplies) confirmed 

Several reports and two papers published 

- %W 42 
- h , n ,  % 

.%- &- !3 c1111 

Overview of Chornobyl Environmental Remediation Projects at BNL 
Paul D. Kalb 
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- 
Phytoremediation of Soils Contaminated with 

Radionuclides 

Technical Approach. for IPEP Collaboration: 

Final Report/ Paper 

Summary of Current Phytoremediation Work in FSU 

Determination of Radionuclides in Local Crop Plants 

Analysis of Radionuclides in BNL plants and Soils 

Phytoremediation Test Plots with Plant Types Used at BNL 

Phytoremediation of Soils Contaminated with 
Radionuclides 

0 

&@"& 
a bo:% - 
*- &9 
I t1111 Q 

Overview of Chornobyl Environmental Remediation Projects at BNL 

~: 
BNL investigated phytoremediation of soil 'contaminated with 
Cs-I37 and Sr-90 at the BNL Hazardous Waste Management 
facility 

With principal support from DOE Office of Science and 
Technology, studies were conducted in collaboration with: 
MSE, Phytotech, and Cornell University/ US. Department of 
Ag ricu Itu re 

Evaluated 7 plant types for ability to take up Cs-I37 from soil 

Paul D. Kalb 
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If contaminated forests are left as .is ("Do Nothing" scenario) 
population will continue to be exposed to elevated radiation 
doses through various pathways 

- %*k 
3 I ,n l% E, I l l11  e 
.%* 8.3 

- 3  

Amaranthus performed best 
Phytoremediation of Soils Contaminated with 

Radionuclides 

Examined methods of enhancing uptake through addition of 
reagent solutions to soil 

Phytoremediation of a Radiocesium Contaminated Soil: 
Evaluation of Cs-I37 Bioaccumulation in the Shoots of Three 
Plant Species, By M. LaSat, M. Fuhrmann, S. Ebbs, J. Cornish 
and L. Kocian, J. Environmental Quality, Vo1.27, # I  , p. 165- 
169, Jan. 1998 

@*r, 
- h n l  c - 

.%- . 
Evaluation of Health Risks Associated with Cs-I 37 
Contamination from Chornobyl Fallout in Belarus 

_. E CIUI Q 

Chornobyl accident resulted in radioactive contamination of 
>I 9,000 km2 of industrial and recreational forests 

Cs-I37 is most prevalent contaminant - preferentially 
incorporated in trees and biomass 

Forests continue to be an important source of lumber, heat, 
fuel, recreation and food 

~ PaulD.Kalb, 
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0 

0 

0 

Evaluation of Health Risks Associated with Cs-I37 
Contamination from Chornobyl Fallout in Belarus 

To understand potential health risks associated with 
remediation options under consideration (e.g., 
phytoremediation, biomass conversion), baseline risks must 
be characterized 

This project will focus on the risk associated with leaving the 
forests untreated and with disposal of ash 

Risks associated with biomass conversion will be evaluated as 
part of parallel IPP project performed under the guidance of 
Sandia National Laboratory 

Evaluation of Health Risks  Associated with Cs-I 37 
Contamination from Chornobyl Fallout in Belarus 

Direct dose contribution from domestic furnaces 

Doses from application of radioactive ash for fertilizer 

i Doses from ,inhalation of aerosol released from domestic wood 
fired furnaces 

Doses from forest fires 

&O"% 
= 11111 %r 

-%+ +e= 

- 
5 CIUI e 

Overview of Chornobyl Environmental Remediation Projects at BNL 
Paul D. Kalb 
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Evaluation of Health Risks Associated with Cs-I 37 
Contamination from Chornobyl Fallout in Belarus . 

Disposal Risk Assessment 

Risks to workers due to treatment and handling of 
contaminated ash. 

. 

0’ Risks to general public due to disposal’of wastes. 

Decisions pertaining to disposal have not been finalized (e.g., 
treatment options, disposal location, disposal facility design ‘ 

options, etc.) so risk assessment will focus on comparisons 
between different options 

. 

%..k 3 11111 % - 
%+ &- 

rvaiuation of Health Risks Associated with Cs-I 37 
Contamination from Chornobyl Fallout in Belarus 

5 (1111 

Exposure Analysis 

Several state-of-the-art consequence assessment and . 
transport codes were run (e.g., RESRAD, RESRAD Build, 
MCNP, SAM-CE, COSYMA 
External dose contribution from ground contamination is the  
most significant contributor to potential health risks 
Internal dose due to consumption of contaminated forest food 
could be significant 
Inhalation dose to forest workers and direct dose from 
domestic furnaces found to be of little significance 

Overview of Chornobyl Environmental Remediation Projects at BNL 
Paul D. KaIb 
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1 -1 . . PHYTOREN~ED~ATION AND BIOW ~ ~ s o m a  ASSESSMENT 
----- 

Tlle Use of Crop Plants in PIzyforemediation of Radionuclide Contaminated Soil and Water 
Slavik Dushenkov 
Phytotech, Inc.; Monmouth Junction, New Jersey 

ABSTRACT 

Phytoremediation is generally defined as the use of green plants to remove pollutants fiom the 
environment or to render them harmless. Out of numerous constituents of this rapidly expanding 
technology, phytoremediation of radionuclides represents one of the greatest challenges and 
economic opportunities. Plants are long known to remove unstable isotopes from soil and water 
or restrain radionuclides in the rhizosphere, dramatically reducing their mobility in soil. High 
biomass crops have established agronomic practice, have been known to produce significant 
biomass in one season, have established a germ plasm bank and can be easily genetically 
modified; hence, crop plants possess high potential for the phytoremediation technology. 
Representative cultivars of Amaranthus, Brassica, Helianthus, Phaseolus, and Zea species were 
evaluated for phytoextraction of ''Sr, 137Cs, 226Ra, =?I%, and/or =*U. Huang et al. (in press) have 
shown that Brassica plants grown in a U-contaminated soil that was previously treated with citric 
acid hyperaccumulated U in their shoots to a level 1000-fold greater than plants gown in 
contaminated soil not treated with citric acid. Numerous soil and plant factors affect radionuclide 
uptake (e.g., soil texture, organic matter content, pH, isotope chemical speciation in soil, rate of 
nutrient absorption through the root, etc.). Rhizofiltration is defined as a process where terrestrial 
plapt roots are used to absorb, concentrate, and precipitate heavy metals from polluted effluents. 
A sunflower based pilot-scale rhizofiltration system was successfully used at a former uranium 
processing facility in Ashtabula, OH, to lower uranium concentrations in the site source water to 
below the target limit of 20 p a .  
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Slavik Dushenkov 

The Use of Crop Planks in 
Phytoremediation of Radionuclide 

Contaminated Soil and Water 

Phytotech, Inc. 
1 Deer Park Drive, Suite I 

Monmouth Junction, NJ 08852 
(732) 438 - 0900 

w 
Phytotech, 1 x 1 3  

PHYTOREMEDIATION: Using plants to 
remove pollutants from the environment 

6f 
. Phytotech,Inc, 

The Use of Crop Plants in Phytoremediation of Radionuclide Contaminated Soil and Water 
Slavik Dushenkov 
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APPEALING ASPECTS OF 
PHYTOREMIZDIATION 

Cost Effective 
Elegant and Beautiful Approach 
High Acceptability to Public 
Scientifically Sophisticated 

I 

PHYTORElMEDIATION . 
A 

PEWTOEXTRACTION u PEiYTOSTABILIZATION 1- 

The Use of Crop Plants in Phytoremediation of Radionuclide Contaminated Soil and Water 
Slav& Dushenkov 
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DIFFERENT METHODS OF 
PHYTORElVEDIATION 

Phytoextraction: The use of metal 
accumulating plants to remove toxic metals 
fromsoil. 
Rhizofiltration: The use of plants to remove 
to@ metals from polluted waters 

Phytotech, Iac T 

The Use of Crop Plants in Phytoremediation of Radionuclide Contaminated Soil and Water 
Slavik Dushenkov 
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PHYTOEXTRACTION 
*Vacuolar storage 
-Possible remobil' 

*Transport in the xylem 
elements 
Possible redistribution ?p/ ;;En xylem to the 

URANIUM SPECIATION IS DEPENDENT ON pH 

Adopted from Tripathi 1979 

The Use of Crop Plants in Phytoremediation of Radionuclide Contaminated Soil and Water 
Slavik Dushenkov 
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SODL AMENDMENTS STIMULA'IX RADIoNucLlDES UPTAKE 
Ra-226 

15 - 
1- 

0.5 - 
0-  

0.5 - Th-232 

0.1 - 
u-232 20 - 

B. juncea Treatment B. chinenris 
Phytotecb, In? 9 ~ 

ADDITION OF SOIL AMENDMENT IS NECESSARY FOR 
OPTIMIZING PLANT UPTAfaE OF U FROM SOIL 

CLTI m a g  
10000 

1000 

100 

10 

1 
Cow pea Mustar C. cabbage Corn 

Wheat 
Pea Amaranth B. juncea e 

Phytotech, I ~ L z ~  

The Use of Crop Plants in Phytoremediation of Radionuclide Contaminated Soil and Water 
Slavik Dushenkov 
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SCREENING FOR 137c~ AND UPTAKE 

100% 

80% 

60% 

40% 

20% 

c. CS-137 
II Sr-90 

0% 
A B C D E F G H I J K L M N  

Plant species 

Chernobvl Field Trial 

The Use of Crop Plants in Phytoremediation of Radionuclide Contaminated Soil and Water 
Slavik Dushenkov 
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PHYTOREMEDIATION 
REQUIRES SPECIAL SKILLS- 

%f 
Phytotech,Inc 

Soil Chemistry and Analytical Chemistry 
Agronomy 
Molecular' Biology, Biochemistry, Plant Physiology 
Civil, Mechanical, Chemical and Biochemical Engineering 
Hydr ogeology 
Environmental, Corporate, and Patent Law 
Project Management and Pinance 

BENEFITS OF 
PHYTOEXTRACTION 

Economical 
Allows in-situ treatment 
Preserves topsoil 
Applicable to many metals 
Allows recycling of metals 

y .  
Pbytotech, Inc 

The Use of Crop Plants in Phytoremediation of Radionuclide Contaminated Soil and Water 
- Slavik Dushenkov 
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FACTORS DETERMINING 
EFFECTIVENESS OF 
PHYTOEXTRACTION 

Plant Characteristics 
Planting Density 
Fertilizer and Amendment Effectiveness 
Soil Characteristics 

Climate 
Total Soil Radionuclide Concentration 
Metal Solubility and Species Distribution 

- type, pH, EC, mineralogy 

AVAILABILITY OF RADIONUCLIDES IN 
SOIL CAN BE INCREASED BY: 

pH Adjustment 
Ion Exchange 
Chelators 
Biological Stimulation 

The Use of Crop Plants in Phytoremediation of Radionuclide Contaminated Soil and Water 
Slavik Dushenkov 
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COMPARATIVE MASS 
DISPOSAL (10 ACRES) 

EXCAVATION PHYTOEXTRACTION 

U BIOMASS 

I 
1200 

TONS 

ASH 
8 

120 
TONS 

30000 
TONS 

Phytotech, In? 9 

TREATMENT AND DISPOSAL 
OF BIOMASS 

Harvest 
Sun, Heat and Air Dry 
Compost or Compact 
Transport to Treatment Center 
Energy Conversion, Incinerate, Landfill, 
Recycle to Smelter 

Phytotech, In?, $” 

The Use of Crop Plants in Phytoremediation of Radionuclide Contaminated Soil and Water 
Slavik Dushenkov 
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STEPS IN A PHYTOEXTRACTION 
PRO’GRAM 

1. Determine Site Characteristics 
Arability 
Si 
Contaminant Data 

Concentrations Map 
Clean-up Requirements 

2. Obtain Samples 
3. Conduct Treatability Tests in Phytotech Greenhouse 

Soil Characterization 
Growth Rates 
Soil Amendments . 
Chemical Fractionation 
Metal Uptake 

4. Conduct Field Trial 

Phytotech, Inc T . 

RHIZOFILTRATION 

“Green” Approach to CIean Up Contaminated 
Waters 
Technology Can Treat High Volume Waste Streams 
Cost Effective Alternative 
Can be Used as “Polishing” Step to Achieve 
Government Standards for Industrial Waste Streams 
Runs 365 DaysNear in On-Site Greenhouse 

Phytotech, Inc T 
The Use of Crop Plants in Phytoremediation of Radionuclide Contaminated Soil and Water 

Slavik I)ushenkov 
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RHIZOPILTRATION 

Water contaminated 
Rhiifiltration units 

RHIZOFILTRATION MODEL 
where: $3 CP P 
C, - metal accumulated in 
plant 
C, -metalinthetank 
P -plantgrowth 
W -mass of water in the tank 
V - volume of the tank 
Cd - metal entering the tar& 
C,i - metal leaving the tank 
W,i - water entering the tank 
Wmi -water leaving the tank 
C$ - concentration reduction 
due toplantuptake c,' 
Csi - concentration reduction 
due to settlinglprecipitation 
Wci - water loss due to 

f0 - environmental conditions evapotranspiration Wh' 

The Use of Crop Plants in Phytoremediation of Radionuclide Contaminated Soil and Water 
Slavik Dushenkov 
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~~ ~ 

FACTORS DETERMINING 
EFFECTIVENESS OF 
RHIZOFILTRATION 

Root Production 
Metal concentration in Solution 

Temperature 
PH 

Root Density and Plant Age 

Phytotech, mc,A 

13-’Cs UPTAKE BY PLANTS 
I 

Soil ‘ water 

The Use of Crop Plants in Phytoremediation of Radionuclide Contaminated Soil and Water 
Slavik Dushenkov 
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RHIZOFILTRATION OF RADIONUCLIDES 

125 - Sr - cs 

0 5 10 . 
Days 

15 

Phytotech, Incx 

RHIZ0F'IL"ION SYSTEM PERFORMANCE 
AT RMI SITE. 

Ashtabula, Ohio 
600 

500 

400 

$ 300 - 
2. 

200 

,100 

-=-Infltu T I 
4 D i w h u g e  

0 

0 25 50 75 

Time of operation (drys) 
100 

The Use of Crop Plants in,Phytoremediation of Radionuclide Contaminated Soil and Water 
Slavik Dushenkov 
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Applications of Phytoremediaiion Technologies in Real Conditions of the Chornobyl Zone 
Boris V. Sorochinsky 
Institute of Cell Biology and Genetic Engineering 
National Academy of Sciences of Ukraine; Kiev 

ABSTRACT 

.Applications of phytoremediation technologies depend on the type of ecosystems and physical- 
chemical properties of radionuclides pollutions as well. Possible practical approaches of 
phytoremediation related to forest systems, virgin lands, aquatic systems and bogs are discussed. . 
The algorithm of phytoremediation stages in the 30 km ChNPP exclusion zone is proposed.’ 
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Applications of Phytoremediafion Technologies in Real Conditions of the Chornobyl Zone 
Boris V. Sorochinsky 
Institute of Cell Biology and Genetic Engineering 
National Academy of Sciences of Ukraine, Kiev 

PRESENTATION 
It has been demonstrated that plants can accumulate large amounts of heavy metals and 
radionuclides. This phenomenon, which has been of considerable interest academically, may be 
also used economically in cleaning up contaminated soils and water. The use of plants for 
environmental cleanup is an emerging technology, which is called phytoremediation. The need 
for radionuclides, excluding crop plants, is particularly acute in the large areas of Ukraine, which 
were contaminated with different radionuclides after the Chornobyl Nuclear Power Plant 
(ChNPP) accident. 
Significant experience in decontaminating civil and industrial objects was obtained after the 
failure at the ChNPP. Solutions of various detergents were used for cleaning houses and 
buildings. Applying film coverings and removing the top layer of the polluted surfaces were also 
effective. Soils have been decontaminated by mechanically removing the top layer of most 
polluted soils. Considerably less attention was given to developing methods for cleaning polluted 
agricultural lands, woods, and water basins. Territories having levels of radionuclide pollution 
above admitted limits were withdram from economic activity. The levels of background 
radiation in the polluted territories have decreased during the last few years and are approaching 
the levels before the acident because of the natural process of self-clearing (disintegration of 
short-lived radionuclides and their migration). The task of deactivating soils and water reservoirs 
fkom short-lived radionuclides has therefore become less urgent. Unfortunately, the unsolved 
problem of environment cleanup from the long-lived radionuclides like 137Cs and "Sr st i l l  needs 
to be addressed. These isotopes are the main source of irradiation for the peoples and animals in 
the polluted territories(*). It is clear that the methods for deactivating woods, aquatic systems, and 
agricultural lands should be different fkom the methods for cleaning the buildings, roads, 
industrial construction, etc. Preserving all useful properties must be an obligatory condition for 
cleaning up the environmental structures. Plant-based technologies seem to be the way to solve 
some environmental cleanup problems. 
It became obvious also that applications of phytoremediation technologies must depend on the 
type of ecosystems as well as the physical-chemical properties of pollution. The Chornobyl 
Exclusion Zone at 1995 was represented by the follow park (2): 
LANDS COVERED WITH FORESTS .................................. 48,5% 

Including: coniferous forest .................. ; ........................... 38,6% 
Foliage forest ...................................................................... 9,9% 

LANDS FREE FROM FORESTS: ......................................... 33,3% 
Including: forest distracted by fire ...................................... 3,5% 
Areas of cut forests ............................................ ................ 0,3% 
Arable lands, fallow soils, meadows .................................. 29,5% 

OTHER FOREST LANDS ........................................................ 1,1% 
BOGS, SANDS ......................................................................... 2,6% 
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WATER OBJECTS .................................................................. 8,5% 
Including cooling basin ....................................................... 1,2% 

SETTLEMENTS, ROADS ETC. ............................................. 6,0% 

Surface contamination of the Exclusion Zone is mainly represented by 137Cs (1 10 000 Ci), "Sr 
(127 000 Ci), and 239-24%i (800 Ci). All the different parts of the Exclusion Zone have different 
perspectives to be decontaminated with phytotechnologies. 
The problem ofphytoremediating the forest system at the Exclusion Zone is very important but 
most difficult because 48.5% of the Exclusion Zone is covered with forests that are mainly 
represented by coniferous plants. Nearly 80% of all forest systems consist of pine trees (Pinus 
silvesfris), and only 2% to 3% of the radionuclides have accumulated in wood biomass. Thus, 
there is a large existing level of biomass for producing energy, but its use in forthcoming periods 
may be limited by the slow growth rate of young coniferous plants. It is impossible to regulate 
the trees' accumulation capability. Short-rotation forestry may be the best possible way to use 
forest biomass followed by environmental cleaning inside the Exclusion Zone at the suitable 
high-contamination plots. The technology of short-rotation forestry is not distributed in Ukraine, 
but it may be successfully introduced in some specific plots of the Exclusion Zone. There are 
advantages in using novel forestry .systems based on short-rotation technologies. Special selected 
fast-growth clones of poplar (Populus sp.) and willow (Salix sp.) can be used in short-rotation 
technologies. They are domestic species for this region, and there are many suitable plots for 
their introduction. It is well known that their rotation may be 6 to 7 years each, and they have a 
high density of 1 000 plaatslhectare. These plants may produce 10 000 to 20 000 kg of dry 
biomass each year per hectare. The exemption level for fuel wood is 1 000 Bqkg (Hildergarde 
Vandenhove, personal communication). 
Phytoremediation of contaminated aquatic systems and bogs seems to be the most important 
task, especially for preventing radiological effects outside a zone. Nearly 1 1.1 % of the territory 
of the Exclusion Zone is covered with water. The flows of groundwaters and rivers are the most 
important ways for radionuclides to migrate outside a zone. Moreover, phytoremediation 
activities for the forthcoming closing of the C W P  may also address decontaminating the 
C W P  cooling basin. Its features are as follows(2): 22.9 square kilometers, 160,000,000 m3 in 
volume, 140 to 330,pCiL 137Cs concentration in water, 120 to 230 pCi/LgoSr concentration in 
water, 3,500 Ci 137Cs activity in sediments, 800 Ci "Sr activity in sediments, and 3 Ci Pu in 
sediments. 
Phytoremediation of aquatic systems offers many advantages because water-cultivated plants can 
accumulate large amounts of radionuclides. Whole plants, including the root systems, can be 
utilized. There is the possibility of introducing short-rotating salix trees to prevent the vertical 
migration of radionuclides, to fix the borders of rivers, etc. Phytotechnologies can be rather 
effective in the case of aquatic systems where the radionuclides primary exist in the dissolved 
state, and the transfer factors of radionuclides fiom water to plants can reach several thousands 
of units. This is true also for terrestial plants grown in conditions of a water culture. This 
circumstance was the basic reason for developing the plant-based technology named 
rhizofiltration. 
We will examine the technology we carried out both in laboratory and field experiments during 
1995 and 1996. The laboratory investigations took place with sunflower plants (Helianthus 
annus), indian mustard (Brassica juncea), and pea (Pisum sativum). The plants were previously 
cultivated as a hydrophonic culture at the greenhouseJfolIowed by transfer on plastic containers 
with contaiminated water. The field trials were carried out at a small natural pound located near 
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Plant species 

Brassica juncea 

Yanov village (10-km Exclusion Zone of ChNPS). The reservoir was formed, apparently, during 
the development of temporary storehouses for radioactive wastes during 1986 to 1987. The 
estimated volume of the pond is 18 to 20 m3'of water. 
The laboratory experiments proceeded as follows(3). The plants were cultivated in plastic 
containers and were watered periodically with nutritive solutions. They were placed in 1O:l 
plastic containers for their forthcoming growth. We changed the nutrition solution regularly, one 
time per week. The plants were cultivated at the greenhouses under natural illumination. Plants 
of 1 1 weeks were used for the final experiments. The last steps of the experiments on 
rhizofiltration have been carried out with 50:l plastic containers. These containers were fiiled 
with water samples collected fiom the same natural pounds where the field trial took place. 
Plants were incubated for 8 days in these containers. Another approach.was tested also. Plants 
growing at their capacity in radioactive water were periodically replaced one time per 2 days for 
2 weeks. The stems and roots of investigated plants were cut off at the end of the experiments. 
The specific activity of vegetative sam les was defined after the air-drying .and subsequent . 
crushing with an electrical mill. The 13yCs activity was measured with a gamma-spectrometer 
equipped with a germanium-lithium detector. The "Sr was characterized by the classical oxalatic 
method when affiliated Y is determined. The relative error of the "Sr measurement was no more 
than 3% to 5%. The error for the 137Cs measurement did not exceed 2% to 7%. 
The total amount of radionuclides absorbed by plants fiom the polluted water was determined by 
multiplying the weight and specific gravity of the plants. Specific I3'Cs and "Sr activities in the 
different parts of plants after their growth in the radioactive water are described in Tablel. . 

Sample for Analysis 137Csy Bqkg ~ g ' S r y ~ ~  
Plants Stems 39900 & 12800 350000 & 21200 

Roots 214200 4 57900 76000 2 15900 
Water Before rhizofiltration 92+ 1 1252 + 5 

Table 1. Specific Activity of I3'Cs and "Sr in PIants and Water Sam les After the Rhizofiltration 
Procedure During 8 Days, M -+ my n = 3 R, 

Pisum sativum 

annum 

The maximal I3'Cs TF (transfer factor) determined in roots of mustard was 2350. The maximal 
TF for "Sr is 374 and was revealed in sunflower roots. The sorbtion capability of large plants 
was allowed to reduce considerably the specific 'and total activity of water despite the short time 
of rhizophiltration. When the plants with a large biomass level were used, the activity of 137Cs 
was reduced fiom 90 BqL up to 9 B q L  The efficiency of water clearing fiom "Sr was not so 
effective. Apparently, the water cleanup from 'OSr contamination by a rhizofiltration method 
requires another approach. It may be that plants will need to be used at the phase of their most 
intensive growth. Another approach was also tested besides the experiments with continuous 
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incubation of plats. New adult plants were replaced every 48 hours in the same containers with 
contaminated water. This process was effective for "Sr accumulation fiom water. 

Helianthusannuus 
Linum usifatissimum 

A number of different plant species were tested during field-trial experiments on 
rhiz~filtration~~). The vegetation period was about 3 months for the majority of plants. Plants 
were cultivated directly at the water surface by using the special floated constructions. The 
results of field experiments on the examination of rhizofiltration technology are described in 
Table 2. Nonuniformity of 137Cs and "Sr distributions over the parts of plants was also 
registrated. The 'OSr, in particular, was located mainly in the stems of plants whereas 137Cs was 
concentrated in their root systems. 

I 

Sterns 1 140 29 320 16420 3400 1290000 722000 
Stems 330 8 540 940 36 13 780 1520 

lame L. iransrer Factor, Specific Activity, and Total Amount of 13'Cs and "Sr that were 
Accumulated by Plants During the Natural Pound Rhizofiltration at the Yanov sitec4) 

Poa 
Phleum pratense 

Stems 1880 48280 18 540 660 250950 96370 
Stems 1730 44490 22 420 640 242100 122020 

I I Plant species I plants I rfactor I Bqkg I Bq I factor I Bqkg I Bq 

Native water vegetation 13 180 338850 

It is remarkable that many plants can demonstrate a larger sorption ability within the conditions 
of aquatic culture than the actual water vegetation. Using plant species capable of producing a 
large biomass seems to be a determining part in rhizofiltration technology. Sunflower plants and 
poa plants are most referable fiom this point of view. The plants have taken out fkom a reservoir 
more than 380 kBq p37Cs and negrly 1100 kBq ''Sr, which means 74% and 14%'f?om the initial 
amount of these isotopes. The clearing was incomplete because the reservoir is an open system 
and may have an additional radionuclide flux because of the expanse of the soil water and the 
superficial drain. Received results, however, allow the conclusion of a high efficiency of 
phytotechnologies for cleaning up different aquatic systems polluted with radionuclides. 
There are two most important tasks that must be solved during the phytoremediation of former 
arable lands and fallow soils. The first task addresses 137Cs and "Sr low bioavailibility because 
they mainly exist in strong fixed forms. Another is related to cultivated.plmts or native 
vegetation that may to be used in remediation technologies. There are shortages of cultivated 
plapts because of the high costs for all agrotechnical and agrochemical treatments or difficulties 
to produce high levels of biomass at large-scale fields for this part of Ukraine, etc. Many 
shortages may be also mentioned for native vegetation. 
'They are determined by the lowlaccumulation capability of native vegetation and their relatively 
low biomass level. We think that a successll but limited way is to use plants with large 
biomasses; this is supported by the results fiom Table 3. 
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Table 3. Transfer Factors for 13'Cs and 90Sr into the Stems of Experimental Plants. These plants 
have accumulated radionuclides from 1 sq.m of soilQ. 

Transfer Part of Transfer Part of 
factor for accumulated factor for accumulated 

Plant species 137cs radionuclide,% "Sr radionuclide, % 

Helianthus tuberosum 0.30 . 0.91* 19.0 19.5* 
0.24 0.07 3.7 3.0 * 

I Helianthus annuus 
H.tuberosum x H.annuus 
Amaranthus belozemy 
Amaranthus cruentus 
Amaranthus retrofIexus 
Amaranthus panuculatus x caudatus 
Amaranthus aureus 
Amaranthm hvbridtrs 

.. * whole plant, including roots 
** plantwithout tubers 

* * * *best value fiom three crops **** total value for three crops 

It is interesting that the accumulation capability of plants belonging to the same family is 
different rather considerably both in the case of 137Cs and "Sr. The primary localization of 137Cs 
is inthe root system. It was registered during the rhizofiltration experiments and seems to be the 
universal phenomenon. Apparently, the development of the phytotechnologies, directed for 
radiocesium extraction fiom soil complexes, should be based on the use of the large 
accumulation capability of the root system. Unfortunately, the plants that have been tested do not 
allow us to predict the success for radiocesium extraction fkom polluted soils. This is a uestion 

the expense of processing soils, updating the absorping ability of rhizosphera, using different 
microbial preparations, and also designing modern biotechnological methods of new plants, such 
as the hyperaccumulators, will need to be developed. Clearing soils of "Sr is the real task. The 
best possibility for this purpose seems to be Helianthus tuberosurn plants. During one vegetation 
season, they removed nearly 20% of the initial amount of "Sr fkom the soil. Moreover, these 
long-term plants do not need to be planted annually; this could simplify the phytoextraction 
technology. 
Thus, it became clear that the whole Exclusion Zone may not be cleaned by plant technologies, 
but such technologies must be applied in some selected parts of the Exclusion Zone. Thus, it may 
be proposed that such an algorithm of phytoremediation stages in the 30-km ChNNP Exclusion 
Zone should be like this: 
YEAR 1: 

that needs to be addressed. It may be that methods for increasing the bioavailability of 2 7  Cs at 

Zone mapping in terms of 137Cs and "Sr bioavailable forms 
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0 Determination of critical systems fkom the point of view of radionuclides migration outside 
the zone 

Use of most radioactive existing forest biomass 

plots 
Introduction of new short rotation forist by using Populus sp and S a k  sp at the suitable 

YEAR 2 - YEAR. 6: 
0 Use of existing radioactive forest biomass 

0 Planting of additional short-rotation forestry systems. 
0 Rhizofiltration of most contaminated small ponds 
0 Development by biotechnological methods of the possibility to increase the capability of 

plants to accumulate radiocesium. 
0 Pilot experiments on rhizoextraction with high-crop cultivated plants at the most suitable 

plots 
YEAR 7 - FORTHCOMING YEARS: 
0 Use of short rotating forest biomass 

Cleaning of cooling basin 
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Biodiversity, Reforestation and Environmental Issues 
Helle Junker 
Elsamprojekt, Fredericia, Denmark 

ABSTRACT 

The results presented are being carried out within the “Chornobyl Bioenergy Project,” a project 
that has developed in a collaboration’with the Be lmian  EPA as a shared effort between 
individual international partners: 

Sandia National Laboratories; California, USA, 

Wheelabrator Environmental Systems, USA; 

The Institute of Power Engineering Problems, Belarus; 

ELSAMPROJEKT, Denmark 

Riso National Laboratories, Denmark 

The Danish Forest and Landscape Research Institute, Denmark. 

The largest biodiversity values are found in the few true natural forests, but as the few true 
natural forests are already ,protected and will be left as forest reserves also after contamination, 
the semi-natural forests must be the main area of concern. This project offers a good potential for 

I improving the biodiversity of the forests if harvesting and management are properly conducted. 
Extensive harvesting fellings to use contaminated wood for bioenergy and the subsequent 
removal of litter to dispose of all contaminated humus will affect the biodiversity drastically 
unless countermeasures are taken. Biodiversity considerations in relation to the planned 
interventions must include the following: 

1. Protection of key habitats, 

2. Survival of species in seIected areas, 

3, Future distribution of species, 

4. Long-term development of the forest ecosystem. 

The work for this part of the project will take place in collaboration with the forest biodiversig 
research body in Belarus. The initiatives to be taken for the harvesting should consider the 
following: 

Key Habitats Survephp i red  fiom the Swedish system of key habitat surveying, a similar 
concept should be applied to the contaminated areas in Bel- before any fuel wood or litter is 
removed. Woodland key habitats can be thought of as points of distribution for threatened 
species and can therefore serve as building blocks in our future effort to ‘restore biodiversity. A 
survey will include 1) an introductory phase, where a variety of sources are complied for locating 
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potential key areas, 2) a field-survey phase, where key elements, indicator species, and red-listed 
species are registered and potential key areas located diiring the initial phase are visited, and 3) a 
completion phase, where all findings are edited, and areas requiring fiture protection and no 
intervention are defined. 

Forest History Inquig,-The land use history of all parts of the semi-natural forests in question 
should be elucidated, and the demarcate areas of long continuity and stable humidity and 
nutritional properties should be identified. Part of this ‘work is included in the key habitat survey, 
but even forest areas with no visible key elements or indicator species may be of importance as 
regards soil microfauna, fin& and animals. These areas will require special attention in the 
following two activities. 

ProZonged Hawesfing PZ-A careful harvesting plan, including dividing the total area into 
small lots with staggered harvesting, must be prepared. Ifthe total harvesting period is extended 
to e.g., 25 years, and “islandsyy and “beltsyy of forests are being left between the harvested parts 
until the end of the period, many organisms will have time to spread between the lots and survive 
in the forest. 

SuSrainabZe Reforestation-Genetic continuity should be aimed for in selecting planting material 
for reforestation. This may be obtained using seedlings from seed plantations based on local 
genetic material. In the layout of reforestation, a multitude of future habitats should be included 
to’prevent the fbture survival of species &om being hampered by an increased uniformity of the 
forest ecosystem. 
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Biodiversity, Reforestation and Environmental Issues 

Helle Junker, ELSAMPROJEKT 

The work is performed by 
Piefer Kofman, Ebbe B0llehuus and Flemming Rune 

Danish Forest and Landscape Research Institute, Denmark 

Partners in: "Chernobyl Bioenergy Project": 

ELSAMPROJEKT, Denmark 
. 

Institute of Power Engineering Problems, Belarus 
Sandia National Laboratories, California, USA 
Wheelabrator Environmental Systems Inc., USA 

Risnr National Laboratory, Denmark 
Danish Forest and Landscape Research Institute, Denmark 

. Chernobyl Bioenergy Project 
Danish Forest and Landscape Research Institute 

Phase I (feasibility study): 
A technical solution. to the harvesting.problem of the trees and t h e  
humus layer 
A description of the consequences for the bio-diversity 
A solution to the  reforestation problem . . 

Phase 2 (pilot plant project):. 
Pilot plant facility, machine and method development 
Training of  in.structors 
Development of logistics 
Reforestation 

Biodiversity, Reforestation and Environmental Issnes 
Helle 3unker, ELSAMPROJEKT 
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Chernobyl Bioenergy Project 

Biodiversity consequences of removing contaminated 
wood and forest  litter: 

Extensive harvesting fellings in order to use contaminated wood 
for bioenergy will affect biodiversity drastically . 

Biodiversity considerations in relation to t h e  planned 
interventions: 

1. Protection of key habitats 
2. Survival of species in selected areas 
3. Future distribution of species 
4:Long-term development of the forest ecosystem 

Chernobyl Bioenergy Project 

The reforestation initiavtives should include: 

Survey of key habitats 
A prepatory phase 

A field survey phase 
, A completion phase 

Forest history inquiry 

Prolonged harvesting plan 
“Staggered harvesting”’ 
“Islands” og “belts” of forests are being left 

Sustainable reforestation 
Genetic continuity should be aimed 
Eg. using seedlings from seed plantations 
Including a multitude of future habitats 

Biodiversity, Reforestation and Environmental Issues 
Helle Junker, ELSAMPROJEKT 
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Chernobyl Bioenergy Project 

Forest biodiversity research in Belarus is carried out at 
variuos institutions. 

Research on foresf-gene resources: 
Forest Institute’of the  Academy of Sciences of Belarus (Gomel) 

* General biodiversity research: 
Institute of Botany of the  Academy of Sciences of Belarus (Minsk) 
Central Botanical Garden (Minsk) 

Biodiversity management research: 
Ministry of Forestry (Minsk) 

Biodiversity, Reforestation and Environmental Issues 
Helle Junker, ELSAMPROJEKT 
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Power Roductionjbm Radioactive Contaminated B i o m s  and Forest Litter in Belarus 
Biodiversity Issues 

Flemming Rune 
The Danish Forest and Landscape Research Institute, Horsholm, Denmark * 

ABSTRACT 

General Considerations on Biodiversity in Forests of Belarus 

Of the 7.3-million hectares of forested area in Belarus, approximately 35% is composed of 
protected forests, Le., forests managed primarily for recreational, soil protecting, or water 
protecting purposes (communal and state owned). Most ofthese areas are semi-natural forests 
(natural forests affected by human activities), while genuine national forests (designated in 
national parks and nature reserves) cover less than 1% of the total forested area. The largest 
biodiversity values are concentrated in these areas because biodiversity tends to be insufficiently 
considered in commercial forest management, though more than half of the commercial forests 
are semi-natural. 

The official nature conservation strategy by the Ministry of Forestry prescribes several 
regulations of commercial forestry practices to protect biodiversity, e-g., 100-metre protection 
zones around rivers and small streams, 1-km zones oflenient management regimes around lakes, 
protection of key-habitats, and establishment of genetic reserves. 

The southern and most contaminated parts of Belarus have the highest forest cover percentage 
(e.g., in Lelchitsky Region, Gomel Province, as much as 62%), and in these areas 2/3 of the oak 
forests of Belrus are found (10% of the forest area in south Belarus). The shrinkage of oak 
forests in Belarus has attracted considerable attention recently, partly because of their large 
biodiversity and partly because of the valuable forest floor vegetation of bilberries (Bswinium 
mvrtilus) . 

I 

Pine forests constitute 60% and bircwalder forests about 30% of the forest area in southern 
Belarus, but their mean age is low (49 and 36 years for oak and birch, respectively), and most of 
the pine and birch are planted. Thus, large parts of the pineries are of only secondary interest in 
biodiversity conservation considerations. 

Forest biodiversity research in Belarus is carried out at various institutions. Research on forest- 
gene resources is pursued by the Forest Institute of the Academy of Sciences of Belarus (Gomel), 
and general biodiversity research is carried out by, e.g., the Institute of Botany of the Academy 
of Sciences of Belarus w n s k )  and the Central Botanical Garden (Minsk). Biodiversity 
management research is to some extent carried out by the Ministry of Forestry (Minsk). 

Extensive harvesting fellings to use contiminated wood for bioenergy and subsequent removal of 
litter to dispose of all contaminated humus will affect biodiversity drastically. 

The deleterious effects will probably be of minor importance in the artificial forests, presently 
occupying approximately 30% of the total forested area. A large part of these forests is 
established by afforestation of old agricultural land on poor soils or on drained wetlands. Since 
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the Second World War, more than 2-million hectares of new forest has been planted, and these 
areas are still too young to contain more than a small fi-action of the biodiversity natural to forest 
ecosystems. The litter layer may be quite thin, and the forest floor is often naked with a soil 
fauna very poor in species. 

Thus, as the few true natural forests are already protected and will be left as forest reserves also 
after contamination, the semi-natural forests must be the main area of concern. About half of the 
semi-natural forests are “lSt category” protection forests, i.e., forests &th only secondary 
commerciaI interests (water, soil, recreation). III those areas, a longer average tree age, lesser 
disturbance of the soil, and longer continuity in tree species are found, opening up the possibility 
of a much larger variation of habitats. Even in the commercial half of semi-natural forests, the 
nature value may be high in many places, and this must be taken into account when clear-cutting 
and removing litter fiom the forest floor. 
Biodiversity considerations in relation to the planned interventions, must focus on the following: 

a) protection of key habitats . , 

b) survival of species in selected areas 

c) future distribution of species 

d) long-term development of the forest ecosystem. 

ProDosal for a Biodiversitv Conservation Scheme 

To improve the survival potential of plants and animals inhabiting the forest ecosystem, several 
initiatives must be taken in connection with the planned harvesting and litter removal. The forces 
may be favorably put into order of priority on the concerned areas: 1) semi-natural forests with 
protected status, 2) semi-natural forests with commercial management, 3) artificial forests 
established by reforestation of old forest land, and 4) artificial forests established by afforestation 
of f d a n d ’ o r  wetlands. 

The initiatives should include the following: 

1) Survey of Key Habitats. Inspired from the Swedish system of key habitat surveying, a similar 
concept should be applied on the contaminated areas in Belarus before any fuel wood or litter 
is removed. Woodland key habitats can be thought of as points of distribution for threatened 
species and can therefore serve as building blocks in our fbture efforts to restore biodiversity. 
A survey includes 1) a prepatory phase, where a variety of sources are compiled for locating 
potential key areas, 2) a field survey phase, where key elements, indicator sp.ecies, and red- 
listed species are registered, and potential key areas located during the initial phase are 
visited, and 3) a completion phase, where all data are edited, and areas requiring hture 
protection and no intervention are defined. 

2) Forest ]History Inquiry. The land-use history of all parts of the semi-natural forests in 
question should be elucidated to demarcate areas of long continuity and stable humidity and 
nutritional properties. Part of this work is included in the key habitat survey, but even forest 
areas with no visible key elements or indicator species may be of importance as regards soil 
microfauna, fungi, and animals. These areas will require special attention in the points below. 
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3) 

4) 

Prolonged Harvesting Plan. A carehl harvesting plan, including parcelling out the total area 
into small lots with staggered harvesting, must be prepared. Ifthe total harvesting period is 
extended to 25 years, and “islands” or “belts” of forests are being left between the harvested 
parts until the end of the period, many organisms will have time to spread between the lots 
and survive in the forest. 

Sustainable Reforestation. Genetic continuity should be a goal in selecting planting materials 
for reforestation. This may be obtained by using seedlings from seed plantations based on 
local genetic material. In the layout of reforestation, a multitude of fiture habitats should be 
included to prevent the fiture survival of species from being hampered by an increased 
uniformity of the forest ecosystem 
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7 I PEWTOREMEDIATION AND B I O M A S S R E S O I J ~ ~  

Cesium and Strontium Uptake by Plants in a Semi-Arid Environment 
Robert Fellows 
Pacific Northwest National Laboratory, Richland, Washington 

ABSTRACT 

The application of higher plants to remove or stabilize radioactive metal contaminants such as 
137Cs and "Sr has been proposed for the lands surrounding the Chomobyl Nuclear Power Plant. 
Phytoremediation is a managed, defined technique in which soil geochemistry and the 
plant/rhizosphere system are inherently dependent on the other. Geochemical interactions are 
critical governing factors for metal availability within the root zone of plants, and the plants must 
then have the capacity to accumulate and transportkequester the metal to a harvestable location. 
Based on long-term (>40 years) experiments conducted at the 100-F Area of the Hanford Site in 
Eastern Washington State, some underlying considerations for Cs and Sr phytoremediation were 
confirmed. Cesium is more recalcitrant within the soil, preferentially being retained within clay 
micelles, while "Sr is more mobile and thus more root available. Strontium was'accumdated by 
crop plants (alfalfa) to amounts greater than 100 times that of 137Cs. Further, uptake rates for 
cropped plants over a 16-year period demonstrated a decline with successive seasons. Possible 
explanations ranged fiom leaching past the root zone ("Sr) to sequestration (I3'Cs). With 
abandonment of the fields for over 25 years, similar results were evident in the invading native 
species. The principles observed in these studies have applicability to Chornobyl, even with 
climatic and soil differences. In our opinion, while the prospects for phytoremediation of 137Cs of 
small areas are poor at Hanford and will be correspondingly as difficult at Chornobyl, the large 
expanses of contaminated lands, the already developed infrastructure for the handling of 
secondary wastes, and the high motivation factor may achieve significant reduction in projected 
cleanup times. Conversely, we believe "Sr remediation should have a higher success rate. 
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Considerations for a Phytoremediation 
Application 

Robert J. Fellows 
Calvin C. Ainsworth 

USDOE - PNNL 

WORKING DEFINITION 

Phytoremediation is a Managed, Defined, 
Remediation Technique in Which Plants or 
Integrated Plant/Rhizosphere Systems are 

Employed to Extract Soil Contaminants 
With Minimal Soil DisturbancelDestruction. 

Cs and Sr Uptake by Plants in a Semi-Arid Environment 
Robert J. Fellows and Calvin C. Ainsworth 
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Phytoremediation (All Metals) - Controlled 

-Depends on both soil and plant processes: 
Use of Plants 

)) availability - geochemical interactions 
)) plant uptake caRacity - nutritionallwater status 
)) rhizosphere microbial consortia 

-Long term potential dependent on: 
n continued presence of “available metal” metal in root 

zone 
sequestration 
leaching 

)) maintenance of favorable rhizosphere environment 

1 Pac5eNortmvestNational Labontorv PhvtPremddalion -Biomass Workshop I 

Soil Mobillty 1sotope(s) Common Important Mechanlsms Important ligands In 
(half-lives) Oxidation States In SoIWater Systems Aqueous speciation’ (Kd,mUg) 

Cation Exchange Cs+ forms very weak Low 
complexes with (540-3180) 
CI; NO;, and organic 
ligands 

I 
awSr Sr(l1) Cation Exchange, S P  forms weak Medium- 
(52 d. 28.1 yr) Precipitation complexes with S042- High 

Cl-, NO;, CO? and (5-173) ‘ 

organic ligands 

N o m  National LabontDIy Phyiomdfia6on - B i o m  Workshop 1 

Cs and Sr Uptake by Plants in a Semi-Arid Environment 
Robert J. Fellows and Calvin C. Ainsworth 
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3 

4 
XCs 

Ycsis r EXCHANGE] 

I 

2 
XCs Csaq 4 plant 

Natural Linear Release - Difficult to 
Achieve 
- Driven Through Surface ChargelHydration Energy 

(Lyotropic Series) C s  > Rb > K = NH4 > Na > Li 

PadficNorthwertHdontblmatory Phytoremddalion - Biinuss Workshop 1 

fPLANT AVAlLABILITY/UPTAKE I 

Types of Plants 
- Monoculture - "accumulator" 
- Competition 

Nutritional Status 
- Ca or K requirements 
- Taken up by same mec.hanisms - competition for sites 

Water Movement 
- transpiration rate increases water flow in soil to root 
- affects soil water concentration 

Pacific N O M  National Wmntoly f%@mmdeldon - Biim Workshop 1 

Cs and Sr Uptake by Plants in a Semi-Arid Environment 
Robert J. Fellows and Calvin C. Ainsworth 
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100 Areas 

1 
200 E 

Area = 1450 kn? v 

PacificNcrVwstNationalalhbcratDly Phytomdeiation - Biomass Workshop 1 

(SEMI-ARID CONDITIONS) 

Happy Valley Plots - IOOF 
' Hanford Site 

I PadficNorthwestHationalLaboralorv Phvtomdeiation - Somas Workshoo 

Cs and Sr Uptake by Plants in a Semi-And Environment 
Robert J. Fellows and Calvin C. Ainswoah 
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~SOIUPLANT RESULTS] 

43 Year Experiment for 9OSr, 35 Years for 137Cs 
- Cline and Rickard, 1972, Health Phys. 23317 
- Cline and’Cadwell, 1980, Health Phys. 46:1136 
- Ainsworth and Kaplan, 1997, Phytotech, Inc., SBlR Report 

Phase I 

>60% of Cs Radioactivity in Clay Fractions 

Agricultural Plants Grown Over 16 yrs, Native 
Vegetation Currently Present 

Current Plant Accumulation Ratios I .6 For Sr  and 
4.38 x I O 3  For Cs  

Pacific N o M N a t i o r u l  Laborably PhytDRmdeiation - Biomnt Workshop 

- ~ __ _ _ _ _  -_ I 
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I 

ONG TERM PICTUR 

OA Os- 

* Alterations of Matehal in Plant Root Zone 
- leaching 
- sequestration 

Long Term Decline in Crop Uptake Capacity 

Cs and Sr Uptake by Plants in a Semi-And Environment 
Robert J. Fellows and Calvin C. Ainsworth 
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[Cs AVAILABILITY.OVER TIME 
a ~ r  

30 :: 0 10 3 M 40 53 63 i0 So 90 100 110 130 1% 140 I 

Days Ana Cr Appllcatlon 

Vereoglou. et al. 1995. Agricult Ecosys. and Envimn.. 56:37 

Decline evident over time - Previous factors shown even after 150 days 
PadficNorthwstNationd~rabry Phytoremdeiation - Biomass Worluhop 

 FUTURE PROSPECTS) 

Continued Monocropping May Impair Desired 
Results 
- Alterations of Rhizosphere (metal availability) 
- lnterspecies competition lost 

Bottom Line: 
- In our opinion the prospects for effective Cs are poor in the 

Hanford Site but may be feasible in the Chomobyl area 
D large expanse of available contaminated land 
)) good infrastructure to handle secondary wastes 
)) high motivation 

- Sr remediation would have a higher success rate but could be 
a factor of the naturally occumng soil concentrations 

Cs and Sr Uptake by Plants in a Semi-Arid Environment 
Robert J. Fellows and Calvin C. Ainsworth 
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-~ ~ 

NNL - IPP OVERVIE 

12 Current Programs in Biology/Chemistry 

3 Programs Related to Phytoremediation 
- Kazakhstan - native grasses and Rhizosphere metal 

- Rhizosphere oil remediation (Biochimmash, Moscow) 
- Rhizosphere plant growth promoters (Biochimmash, Moscow) 

accumulation (NCB, Kazakhstan) 

Others Include: 
- Biocontrol Options (Vector, Novosibirsk) 
- Molecular Plant Pathogen Probes (NCB, Kazakhstan) 
- Novel Pesticides (Shemyakin, Moscow) 

r- 

Cs and Sr Uptake by Plants in a Semi-And Environment 
Robert J. Fellows and Calvin C. Ainsworth 
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Agrotechnological Aspec fs of Leaf and Stalk Biomass for Generation of Energy 
Gennadiy A. Lobach 
Technocentre, ukrairie 

A B S T ~ C T  

A comparative analysis was performed of a combination of leaves and stalks and timber 
biomasses as possible sources of raw materials for energy production in the Exclusion Zone. It 
was demonstrated that these sources are equivalent in the amount of biomass and radionuclides 
stored in them. Energy balances were calculated for different variants of the technology of the 
biomass treatment. It was shown that comprehensive technological treatment of the type of 
biomass, based on its mechanical dehydration, provides for the production of a greater amount of 
energy than traditional agrotechnology, proposing natural drying of the biomass. 

b 
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MATEPElAJlbI%PHOEbIJlbCKO~O CEMEHAPAlIO BOCCTAHOBJEHHIO IIpkIIIOMO~PACTHTETIbHO~EIIIPEOEPA3OBAEIIITO 
EEiOMACCbIB3HEPI’HIO 

npOBeAeH CpaBHPTEJIbHbrg aHaJM3 rmc~oc~e6ena~oH M ApeBeCHO6 ~ M O M ~ C C ~ I  KaK B03MO)KHbIX 
MCTOYH~IKOB c b p x  wrrr n o w e m  s ~ e p r ~ k i  B 3 o ~ e  omyxnem.  IIOKEWIO, ‘ITO ~ T E I  
MCTO~HHKH ~ K B M B ~ J I ~ ~ I  no K o m e m y  6kio~accb1 M ~ J M ~ O B E U T H ~ I  B HeH 
PE~J~IOHJXJIMA~M. PaccmxwbI s~eprmmecme 6ana~cb1 pa-IX BapmmoB TexHonorux 
nepepa6o~m n~croc~e6enb~oii .  rIOKa3aH0, TFI’O KOMrIJIeKCHaSI T e X H O n O m  nepepa6o~m 
nlmocre6enb~oii ~ M O M ~ C C ~ I ,  OCHOBaHHZI ee MeXZiHWIeCKOM O ~ ~ ~ B O > ~ U I S ~ H M I . ~ ,  06ecne.1kisae~ 
nonyYeme 6onbmero Konmema 3~epm11, YeM T P ~ ~ ~ I W O H H ~ S I  arpoTexHonorm, 
npeAnonararolqm ecrecmemym cyrn~y 6MOMaCCbI. 
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AzpomecxHonozuvecKue acneKmbi ucnonb306an1~~ nucmocme6enbnoii 6uonzaccbt dm 
nonyreiim 3nepzuu 

r e H H m H $  k JI06a~ 
TCII “Temoqeqy’ (r.qep~o6b1.m) - 

Harvest of Cs-I37 Sr-90 
biomass carryingout carryingout 

Azpomanonozulreeme a c n e m b i  ucltonb306anu11 numcmebenbn0;ii 6uonracar dnu no~~yuen~snepzuu 
remamiii A. JIo6aq 
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Ta6ma  1. XkIMkIsecmfi COCT~B ApeBecHofi H r n c ~ o ~ ~ e 6 e ~ 1 b ~ o i i  pammenbHoii 6EIOMaCCbI (% B 



MATEpLuwIbI qEpHoFblTIbCK0~0 CEMllEIApAIIO BOCCTAHOBJBHXZO nOeIl~OMOuplPAC~HOCTHUIIPEOFpA3OBAHkIIo  
EHOMACCbIB3HEPm 

Pk1c.2. BKJI~A (%) 

s~epre~mecmii ~ K B ~ I B ~ J I ~ H T  
KOMIIOHeTOB B 

~fkICTOcTe6eJrbHOii 6kIOMaCCbI 

Ta6nw~a 2. IimaHc BJIU~I 0 k~ cyxoro BeuecrB (adm) mc~oc~e6e~1b~oii 61lo~accb1 npk~ 



Leaf-andStiick 
Biomass 

I Water 

Fractionation 
of Cell Juice 

TECHNOLOGY 3 

Water +I 

Cassification I, 
I I I t 
f f f  

I I Press Cake I 
Chopping Stable Components 

and Pressing 
1 

I I  
' 4 4 

I k o a c i a s  II 

T E ~ O G Y  1 

GAS 

I 

T 
Biotransformation 

of 
Deproteinized Cell 

Juice 

lECl-NOLOGY 2 

ArpoTexHonomeame acne- E C I I O ~ O B ~ H E W  JIECTOCT&JBHO~~ 6HOMaCCbI w n o w e m  ~ ~ e p m  
rema,q&i A. JI06a~ 
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Cop6qyeMbTii Kowempamm EOHOB M ~ I ~ J I M  B' 
EOH pamope, m l m  

Ni 294 15.4 
Pb 1036 10.0 
CO 295 13.0 
cd 562 32.8 
cu 320 5.5 
Sr 438 14.0 

RCXOJIEuI KOHeyHiLII 

Ta6n14qa 3, TennornopHax c11006~ocrb ( w m  adm) n14croc~e6em~oii 614o~accb1, npecc- 

Cop61s~o~aarr e m o m  

mkop6e~1.a *lO',r-3m M ~ T Z U L J ~  r cop6e~1.a 
1.39 4.74 
5.13 4.95 
1.41 4.78 
2.65 4.72 

4.94 1.58 
2.12 4.84 

ocrama H ceHa moqepm1. 

22.62 I 17.23 . I 15.83 
Jhcrocre6em~arr 6 ~ o ~ a c c a  I I@CC-OCIaTOK I &EO 



>, 

a, 
F 
5 

w" h 
Y- 
O 

Aqmemonomecme a c n e m  H C I I O J I ~ ~ O B ~ ~ ~  I I E ~ C T O C T ~ ~ ~ J E H O ~  61io~accb1 p ~ u r  nony'xem s ~ e p m  
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-cc_ r - 7 7  P-OW~DIATION ANDBIO~SRESOURCE ASSES.SI&NT ’& f 
Forestry and Technological Concepts of Collection, Transport, and Primary Processing 
of Forest Biomass in the Chornobyl Zone 

V. Berchiy 
Yuriy I. Murav’ev 
State Company Chornobyl’les, Ukraine 

Nikolai D. Kuchma 
Chomobyl Scientific Technical Center for International Research, Ukraine 

ABSTRACT 

No abstract was provided for this paper. 
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~ T E P ~ % P H O ~ I J I b C K O ~ O  CEhDjHMA IIO B O C C T A H O W  IIPEIIIOMO~PACTHTETlbHOCMEiIIPEOWA30BAHHfO 
I ; E I O M A C C b I B 3 H E P ~  

B.M.6epruii1, HJ.Kywa2, B.M.Mypaebee', 
1) <t%pHO6bLnbJIeC)), i)!k= 

B AaSIeKOM I'IPOIUJIOM TeppHTOpMFI 3OHbI O l r y m p e H k u I  6bma IiOJIHOCTbIO IIOKpblTa 
JIeCaMH. Ee OCBOeHNe COrIpOBOWaJIOCb MaCCOBbIM necoacrpe6ne~~e~,  B PBYJIbTaTe X r O  B 
1913 r. JfeCNCTOCTb U e I I T p W b H O c  %cTN 30HbI  CHM3WIaCb A0 11-12%.( PNC.1) rhIZ-IOMepHbIe 
pa6m1 IT0 JIeCOBOCtXZHOBJfeHkIIO H a Y m C b  B 1920-x lT., HO l lJIOlqaqb MacCOBbIk X a p W e p  
OHN n p ~ o 6 p e n ~  B 50-60-x rr., TTO ITO~BOJIWIO B 4 pa3a y s e n m m  necHbrx  HacaxqeeHEIk . 

J I e c o B o n c T s e R w x e  acnexm 06panxeltnui c JIEXHO~ 6EOMaCCO2 B ~epH06b1~1bCXOi i  3 o ~ e  o m e m m  
B.EBep¶ii, E&Kyma, B.EMypasaeB 
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MATEplcIAJIbI%PHOl;blTIbcKO~O CEMkTHApA 110 BOCCTAHO- I l P Z X I I O M O ~ P A C ~ H O C T H ~ I I P E O E I ' A 3 0 B ~  
E H O M A C C b I B 3 ~ ~  

C e h a C  JIeCHbIe 35LHUMiLIOT nOJIOBEury TeppHTOpMU 30HbI 0T.rymSeHkur. 
SembIe M o m o c m e n b H o  6 e ~ ~ b r e  M e c r o n p o m p a c T a r m r r  (60pb1 M cy60pu) COCIXBJIJXOT 85% 
OT o64eii m 0 4 w  n e c o B  H npencranem, B OCHOBHOY cyx~m H c B e m m i  IXQOTOIT~MM 
(m6~1.2). THll€FEIO lXApOMOp$HbIe PaCMCti (CbIpbIe I3 MOKPbIe lXrPOTOlTb1) 3aHHMaKIT 7.8% 
o64eii I U I O l q a W  JIeCHbIX 3eMeJIb. COCHOBbIe H a C W e H l u I  COCTaBJIJXOT OKOJIO 80% JECOB 

NMeHCMBHbIM eCTeCTBeHHbIM Mx BO306HOBJIeHueM H a  3a.iIeXHbDc 3eMJIIIx. 
(~a6~1.3). Ysenmemie B n o c n e n H e e  spem AOJIU mcTBemm nopon CBXX~HO c 6onee 

OcHoBHbre  mMeHemm, npomornemnze 3a nocneasaputixibi2 nepuon, c B m x m  c 
~WWMOHHHM n o s p e m e H t i e M  n e c o B  (OKOJIO 1,5 %IC. ra), necmim n o x a p A  (17 ~ I C .  
n), B e I P O B a J I a . M l i , . 6 f l e X O M ~ ,  pa3BHTHeM 0 9 W O B  BpeAHTeJIefi H 60ne3~eG H T.A. (m6~1.3). 

Ta6n~qa 3. A H H a M H K a  nopoAiioro c o m i  

I nopona 
1937 I 1964 I 1997 

JIecoBonmeHHaIe acnemw 06pme~arr c nec~oii 6 ~ o ~ a c c o i i  B ~ e p ~ o 6 b m c ~ o i i  3 o ~ e  omyxgemm 
B.EEep&, E & K p a ,  B.EMypmbe~ 
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I I ~ o n r a s b ,  IbIc.ra I 
Pawawiomce nopaxeme 1.5 

B T.S. BepXOBbIe 

IIomormemie 
B ~ O B ~ J I H  N Gypenom B pacryrsIIx necax 
Bpemmm H 60nami B pacrywix necax 

TaGnusa 4. T ~ C W H O H H S ~  xapamepncTHIca cpe~~e~o3pamb1x CocHoBbIx AP~BOCTO~B, AZ 

4.2 
2 

0.5% o6raeE Macw 
0.2% 06meii Maccu 

P e m  sene- 
necHoro xo3IIjima 

xcomponupyembrii 
_VI________ 

.-- ........ .._........... _...-..- ..... -.. 
OrpaHHseHbI~ 

1... I -...-.--.. _.I.^.._ 

OXpanHbIii  ' ..... -............--.----- 
OIITHM~bHbIfi 

Boqacr, 
ner 

33 

36 

,.,___I*-,..?__ 

................... 
....... 111 ......-...-. -. 

28 .-- .-I...I.-.- -. 
35 

10,6 13,O I 3996 230,l 

11,4 11,s 3453 222,7 

113 10,6 3565 2319 

...... I-.-.-... I. ....... 1-1 . .- ................. _I-.-. I ..... ._..-....-.-...... 

..-____.-.-I.. .~--- .......... --.~lll.I1 

-.--I-.. ...-.---. -..l--l-.-.. 

1500-2000 
OCHOBaHHH MaTepHaJIOB 0 IiPOCTpsLHCTBeHHOM 3al-pX3HeHH TeppHTOpkIM, YpOBHIIX 

conepxamn P ~ ~ M O X ~ W M ~ O B  B necHofi n p o m m ,  Y C ~ O B W C ~  pa6m1 nepcosana, 
nepcnemax pea6mmamni 3 e ~ e m  pa3pa60ma II pearwosaHa cHcreMa ~ ~ ~ ~ O H P ~ ~ O B ~ H H R  
necoB no pemMaM ~ K O ~ O ~ O - J I ~ C O B O A ~ T B ~ H H O ~ O  yxoaa. OHa npenycMaTpmaer sbrpenemie 

(3anosea~oro) (~a6nma 5.). 
TpeX PeUIMOB BeAeHMX JIeCHOrO X03X6CTBa: KOHTpO~yeMO~O, O ~ ~ e H H O r O ~  OXpzWrOrO 

Pexm yxona I 
CS-137 - < 40 

CS-137 - 40-100 Sr-90 - 3-10 PU-239 - 0.1- 0.3 

Sr-90 -< 3 Pu-239 - < 0.1 

-a 

Sr-90 - > 10 PU-239 > 0.3 I 



P H C ~ I O K  2. ICap-ra-cxeMa p a i i o ~ i i p o ~ a ~ i ~ ~ t  necoB 

JIecoBonmemIe a m e m 1  0 6 p a 4 e ~ m  c J I ~ X H O ~ ~  6ao~accoii B ~ep~06blRbCfCOii 3 o ~ e  o m y m e m m  
B.E€.BepwiG, ELA.fCy&ra, B.E.MJ~BwB 
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JIecoBonmemme acnemI 06pa14e~a~ c n e c ~ o i i  6~o~accoi i  B ¶ep~o6bmacxo~ 3 o ~ e  o m y w e m m  
B.EBeplIHii, E ,&Kyq~a,  B.EMypasbeB 
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. 

Pmo-1 lIme~~m3.73 

"37cs 6.6~ 10" 

90Sr 2.3x10-'* 

25a.=9mPu 1.2~10-~~ 

Yepesa9,m 120 YepHOGbm R K S  

9.1x10-"s 1.9x10"8 4 . 9 ~ 1 0 " ~  

3 . 5 ~  1 O" 9.9xlV" 4.0~ 1 O I 4  

1.9~10-'~ 2.7~10-~~ 3 .OX 10-l' 

06bem u 4 ? u , ~ x  % , ~ n  

. mtn7im 3arpmHem '"CS - 270 K d d  1.4~ 1OI3 7.1 x 1 O I 4  
H o B o - ~ e u ~ , m 3 a p T a J I  188: 

u83g3t"opu - 3.7 wKMz 

m a m  3arp~i~eHkur 137cs - 4 K d d  7.0~10-'~ 3.4~ 1 O-I6 
O n a m ,  Ksapm 129: 

p8p93'?u - 0.05 

T a 6 n ~ s a  9. Conepxame ~ ~ A H O H ~ ~ ~ ~ H A O B  B ~ 0 3 ~ y x e  npH -rpeneBrce ApesecHHbx (¶epesa.i, 
m3.120, ='Cs - 3.6 KH/XM* ) 

137 cs, Kdn 

1.1 xl O I 4  

1.2~10~~ 

280 



PROCEEDINGS OF THE C H O R N O B Y L ~ ~ O R E M E D I A T I O N  AND BIOMASS ENERGY CONVERSION WORKSHOP 

Fast Growing Short Rotation Woody Crop Systems for Phytoremediation of Radionuclides 
Gerald Tuskan 
Oak Ridge National Laboratory, Oak Ridge, Tennessee 

ABSTRACT 

. Phytoremediation is the use of plants andor plant systems to manage or manipulate 
contaminants in soil and water in an effort to restore economic value to corrupted environments. 
Phytoremediation involves phytoextraction, phytostabilization, phytosequestration, and 
rhizofiltration. Phytoextraction is the concentration of contaminants into harvestable portions of 
plant biomass. Phytostabilization is the use of plants to reduce offsite movement of 
contaminants due to wind or water-based soil movement. Phytosequestration is the binding of 
contaminants to plant membranes or non-harvestable portions of a plant. Rhizofiltration is the 
use of plant root systems in an aqueous environment to remove con taminants fiom water. The 
objectives of phytoremediation are ecological and economic restoration of contaminated sites. 
Phytoremediation is often the least costly option for cleaning large sections of land. 

' 

Short-rotation woody crop (SRWC) silvicultural systems involve intensive site preparation, 
extensive chemical, mechanical, or physical weed control, the use of fertilization (50 kg N per ha 
per year and 100 kg P per ha once per rotation), possible supplemental drip irrigation (up to 90 

* cm per year), and mechanical harvesting and processing. Rotation lengths vary depending upon 
spacing and productivity. Typically, trees are established on a conventional spacing of 2.5 m x 
2.5 m and harvested in 5 to 10 years, or they are established in a twin-row high-density spacing 
(37,000 stems per ha) and harvested once every 3 years. At the closer spacing (i.e., higher 
densities), the harvested stems are allowed to coppice and complete multiple harirests over 20+ 
years. Productivity rates under either SRWC system range between 15 and 22 dry tons of 
harvestable biomass per ha per year under experimental conditions and between 10 and 15 dry 
tons per ha per year under operational conditions. Potential species include hybrid poplar, hybrid 
willow, silver maple, birch, and alder. 
SRWC systems, particularly the twin-row high-density coppice system, offer several advantages 
during phytoremediation. First, the rapid growth and establishment reduce wind and water 
erosion, providing phytostabilization of contaminated sites. Second, the long-term perennial 
nature of the crop and minimum site entry during production (Le., 3-4 times in the &st year and 
1-2 times per year for years 3 through 21) reduce human exposure and the opportunity of offsite 
movement of contaminants. Third, supplemental dfip irrigation allows for fertilizer and 
pesticides to be applied automatically at optimum times, again reducing human exposure to 
con taminants. Drip irrigation also creates a high transpiration stream, moving the contaminant 
into and through the plant tissues. Fertilizer rates can also be optimized to allow maximum 
uptake of radiocon taminants such as cesium and strontium. That is, potassium and calcium can 
be withheld and nitrogen can be supplied as ammonium. Fourth, coppice regrowth creates 
numerous active growing regions that function as metabolic sinks for contaminants. These 
factors in combination maximize phytoextraction potential. Furthermore, contaminant 
concentration (mg of the con taminant per kg of plant tissue) and content (mg.of the contaminant 
per unit area) are maximized by using genetically selected clonal planting stock and silvicultural 
manipulation of the environment. Finally, an economic commodity is created, i.e., biomass 
feedst,ocks for energy conversion. That is, SRWC used for phytoextraction, phytostabilization, 
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or rhizofiltration can be harvested and placed into a biomass power plant to create electricity, 
thus restoring economic value to the contaminated land. 
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MATEPIlkTIbI ~EPHOEblTlbCKOI'O CE-A IIO BOCOTAHOBJIEHEIK) IlPH IIOMOlrIll PACIXTEEbHOOTEI II IIPEOEPA3OBAHHIO 
EHOMACCbI B 3HEPI'IEO 

Cucmmtii 6bicmpopacmylyux 603denbmae.m~: depes~nucm~uc pacmenuiZ c Kopomrcunt 
ce6006opomom d m  60ccmano6nenu1z npu noJnou(u p,acmumenbnocmu npu sazpmnenbruc 
paduonymudmu 

axepamn TYCKSLH 
OKpHAXCKaX H ~ ~ H O H ~ H ~ X  na6opa~opm~ OK-PEJOK, IIITaT TemeccE 

JIecoBoffsecme cmTemI ~os~emmaemrx AepeBxmcTbnr pacredi  c KOPOTKFM CeBOO60pOTOM 
BKJIIOSWT meHcmHyI0 I IO~OTOBKY Mema Hacmemx, ~ K C T ~ H C H B H H ~  XHMwecme, 
Mexmecme EJIE 4mmecIcEe MepbI IIO 60pb6e c copHsfJsa~~, IIpmeHeme y ~ o 6 p e d  (50 KT 
N Ha  remap B r0.q E 100 KT P Ha remap pa3 B CeBOO6OpOT), BO~MOXEIO~ AononHFiTemHoe 
KanemHoe opomeme (AO 90 CM B roz) E Mexammecme c60p E nepepa60~~y. 
l3pogomTemHoc-n ce~oo60po~a ~ ~ B H C E T  OT pacckomm M e m y  pacremmm E EX 
II~O-HOCTE. K ~ K  npmmo, AepeBbrr BI~ICZDKEB~TCEI Ha 0 6 ~ 5 1 ~  ysacmax 2,5 M x 2,5 M E 
EM ~b1py6~a II~OEI~BOAEITCX sepe3 5 - 10 ner, ~TIH xe Aepesbs B~IC~XHBS~KITCX  rip^ myxpmofi 
IIIIOTHO~~ nocwe (37.000 cmemeB Ha remap) E EX B q y 6 K a  II~OH~BOAETCX Kaxc,qsIe 3 roAa. 
nPH 60~1ee IIJIOTHOii BbICZIJ@Ce (TX. lJ.pE 6onee BbICOKOs VCTOTe) BbIpy6ae~~1~ CTBOJIaM AaeTCX 
B03MOXHOCTb CO3AaTb IIOpOCJIb E BbIpJ'6Ka IIPOBOAETCX MHOrO pa3 Ha IIpOTEDfceHHH CBbIDIe 20 
JET. r@OAyKTklsHOCTb CECTeM BO3AeJIbIBaeMbIx AepeBIIHkIcTblx paCTeH& C KOPOTKHM 
CeBOO6OpOTOM ~one6nmcrr OT 15 A0 22 TOHH CyXOE MaCCbI C06HpaeMOE 6EOMaCCH Ha r e m p  B 
TOR B SKCIIePIlMeHTaJIbHbIX YCJIOBEIIIX E OT 10 A0 15 TOH CyXOG MaCCbI C B r0A B 
06~mwnr pa60wx YCJIOBHSX. IIoTemmamme B-I AepeBbeB BKTIK~~SLIOT B ce6x m6pHAHbIji 
TOIIOJE, m6p~m3710 my, cepe6p~cm1ii meH, 6epe3y E omxy. 
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MATEPEfARbI %PHOEblTIb&OrO CEMHHAeA IIO BOCCTAHOBJIEHEM) lIPM IIOMOlWi PA-HOCIU M IIPEOEPA30BAHIIIO 
EIIOMACCbI B SHEPITTI0 

BocmmoBnemm WE IIOMOIQE parnemHocm. Bo-IIepBbnr, 6~c~pbd.i POCT E yKopeHeme 

3 q m ~ e m  P a m o B .  BO-BTOPLIX, AOTITOCPOSH~, MHoronIeTBIIII irpmpoAa ~03~ernmaemnr 
pame- E MHHHMambHoe Bxoxqeme Ha Memo npompacTamm (K npmepy, 3 - 4 pa3a B 
Tegemie nepBoro roAa E 1 - 2 pa3a B FOA c 3 no 21 roA) CHEDKEUOT so3~eiicTBzie Ha m A e i 8  
3 a r p x 3 ~ e ~ ~ E  E BO~MOXHOCT~ nepemmcem 3arpm-m seaecm c MecTa EX Haxomemm. 
B Tpenm, AonromemHoe KanemHoe opomeme AaeT B O ~ M O X H O ~  amoMamecKoro 

noppepxemiocn m,qeii B O ~ A ~ ~ ~ C T B E K I  3qxsm11pix seaecm. KanemHoe opomeme Tame 
co3~aer B M C O K ~  CKOPOCTL mnapem, npoppmm 3 a r p m m w e  semecrsa B ~ ~ Y T P ~  
pacTHTeJlbHbnr mxmeij. E qepe3 HEX. BHecemie y~06peHHii M O X ~ T  6~im TaKme OIITEME~E~OB~HO 

~ J I ~ M ~ H T O B ,  KSLK qe3~E E CTPOHII&. To ecn, K& E KWI@~ MOT He BHOCETLCEI, a ZSOT 
Aasancx B Bwe aMMomeBm coemeHEllci. B semepnnr, IIOBTOPHO npompacrmrqm IIOPOCJI~ 

B e a e m  K ~ K  M ~ T ~ ~ O J I W ~ C K E ~  paccema-rem. ~ T E  @~KTOPM B KOM~EH~I-IHB npmom K 

Eonee Toro, KoHqeHTpaqa>I 3arp513~eHHii (m sarpmmrqero serqecma Ha  KT pacm-remHoij. 
TK~HE) E ero coAepxame (m sarp513mrqero serqecma Ha ezHHHIsy morqaa~) 
ysenmmmoTcx nyTeM E C I I O ~ ~ O B ~ H E X  reHeTwecm O T O ~ ~ ~ E ~ E G I X ,  KJIOHE~OBSLHH~~X 
~03~em1~aemnr pacTeHHii: E yMenoro yrrpameHBuI necmw X O ~ ~ C T B O M .  B 3a~mose~k1k1 

s ~ e p m .  T ~ K E ~ M  06pa30~, CHcTenm ~03,qemlsaernrx AepeBmmcmx pacTeHHii c KOPOTKEM 

CHEXGUOT BeTpOByEo E BO- 3p03EIO,o6ec11emarr @ETOCTa6EJIE3aqHH, nOJ@epIlUEXC% 

B H e C e m  y~o6peEarii E IIeCTHqqqOB B OIITEMaJlbHbIe MOMeHTbI BpeMeHE, CHOBa ke CHXXSISL 

C TeM, ~ 0 6 ~ 1  o6ecne- MaKCHMaJIbHOe IIO~JIOI4eHEe TaKHx P ~ O a K T E B H b n r  3Elfp%3HSEOlqHx 

CO3AaeT MHOXeCTBO aKTklBHblX PeIlaOHOB POCTa, KOTOPbIe pa6o~am~ 

MaKCEMaTIbHOW ECIIOJIb30BSLHHfO IIOTeH4EaJIa B0CCTSLHOBJIeHE.R IIPH IIOMOIQE PaCTETeJISHOCTkI. 

3a.rPx3HBOn43x 

CO3AaeTCX 3KOHOMWeCKm IIpOAYKIlEX, T.e. ECTO¶HEK ~ E O M ~ C C ~ I  A.l'IX npeo6pa30sa~~~ ee B 

CeBOO6OpOTOM, ~cnom3yern1e JWI @€TO3KCTpaICWE, @ E T O C T ~ ~ E I I E ~ ~ ~ H H  ElIEi 

PE30~EJIbTpaqB[H M O T  IIOAsepraTbCX y6op~e E HaII@BJIRl'bCX H a  CTiiHqHIo IIO 
11peo6pa3osa~i~€o 6~oMaccb1 AJI5I s~i1pa60m.~ ~ J I ~ K T P O ~ H ~ ~ ~ E E ,  BOCCTaHSIBJIHBZM 
S K O H O M I ~ ~ C K ~ ~  qemocn 3arpm~emoij. 3 e m .  
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PROCEEDINGS OF THE CHORNOBYL PHYT~REMEDIATION AND BIOMASS ENERGY CONVERSION WORI<~HOP 

Fast=growing, short-rotation 
woody'crop systems for ~ . 

phyto rem ed iat i o in of 
rad io n.u c B ides 

C 

Dr. Gerald A. Tuskan 
Oak Ridge National Laboratory 

m.ary I 
= Maximize above and below ground growth 

.~JI Create numerous metabolic sinks @e. active 
growth points) 

Optimize t h e  environment through 
fer ti I izati o n and irrigation 

a Create an economic product 

Fast-Growing, Short-Rotation Woody Crop Systems for Phytoremediation of Radionuclides 
GeraldA.Tuskan ' 
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PROCEEDINGS OF THE CHORNOBYL PHYTOREMEDIATION Ahl) BIOMASS ENERGY CONVERSSON WORKSHOP 

mediati+\ { 
Traqspiration Transpjration 

Phytorem e iation = 
phytsextraction =+ 
p hyto stab i I kat  i 0 n + 
phytose uestrat io n' 

Phytoextraction - the concentration of contaminants into 
harvestable portions of plant biomass 

Phytostabifization - the  use of plants to minimize off-site losses of 
contaminants 

Phytosequestration - the binding of contaminants t o  
membranes ornon-hawestable portions of a plant 

Chan&+Ph,a~emediZmWakshop. FeharyU. 1998 

Fast-Growing, Short-Rotation Woody Crop Systems for Phytoremediation of Radionuclides 
Gerald A. Tuskan 
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PROCEEDINGS OF THE CHORNOBYL PBYT0REMEI)IATION AND BIOMASS ENERGY CONVERSION WOWHOP 

S h Q) re- Rotation W Q O ~ ~  C ro p 
Silvicu Itu re 

= Twin-row High Density Spacing 
(ca 37,000 stems per ha) 

= Intensive Site Preparation 
(Pre-emergent herbicide use, direct spray post-emergent use) 

8 Fertilizer Use 
(Annual N - ca  50 kg per ha, 3 years P - c i  IO0 kg per ha) 

Supplemental Drip Irrigation 
(up to 90 crn annual consumptive water use) 

5 Mechanical Harvesting 
(Final Yield 22 MT per ha  experimental, I O  operational) 

Chom&=fi P ~ o r e e c & n  W=dshop.  Febnrary 72.159s 

P resentat ion Form at/O b ject ives 

111 Describe short-rotation woody crop 
(SRWC) silvicuitu ral systems 

Outline various phytoremediation strategies 

Link SRWC to Phytoremediation 

Fast-Growing, Short-Rotation Woody Crop Sy&m for Phytoremediation of Radionuclides 
G d d  A. Tuskan 
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PROcEEDlrvGS OF THE CHORNOBYL PHYTOREMEDIATION AND BIOMASS ENERGY CONVERSION ‘WORKSHOP 

\ 

= Rapid Estabiishment 
- Minimize Wind and Soil Erosion 

= High Transpiration Rates 
- 35 to 90 c m  of H 0 per year 2 

= Minimum Site Entry 
- 3-4 times in the  1 s t  year, 1-2 years 3 to 20 

= Long-term Perennial Establishment 

= Known Radiocontaminant Sequestration 
- up to 0.13 transfer rate 

= ECONOMIC PRODUCT 
-11 ~iwmmeamv~cznhop, F-P. m a  

a Silvicultural Variables 
- SpacinglRotation Length 
- Fertilizer. Levels 
- lrrigation Levels 
- Mechanical Maintenance 

= Genetic Considerations 
- OVERALL GROWTH RATE 
- Cs Uptake - organic acid 

exudate 
microbial associates 

, - Root Architecture 
- RoodShoot Transference 

Speciesklones 
- Hybrid willow 

. - Hybrid poplar 
-Maples . 

- Birch 
- Aider 

Fast-Growing, Short-Rotation Woody Crop Systems for Phytoremedition of Radionuclides 

288 
GeraldA.Tuskan . 



PROCEEDINGS OF THE CHORNOBYL PHYTOREMEDIATION AND BIOMASS ENERGY CONVERSION WORKSHOP 

53-242 i 90 232 90 151 
53-246 . 197 252 276 250 

49-43 31 7 278 - - 

~ ~ ~ ~ ~~ 

Variation in potassium content 
(umol/g DW) for several Populus 
clones grown with and without 

a 
&? 

i rr i gat i Q n 

omparison of observed 
radioactivity in mature 

yellow-poplar after being tagged 
with 467 mCi of Cesium- I37 

. Time (Days since May 22) . 

Fast-Growing, Short-Rotation Woody Crop Systems for Phytoremediation of Radionuclides 
Gerald A. T u s h  
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PROCEEDINGS OF THE CHORNOBYL PHYTOREMEDIATION AND BIOMASS ENERGY CONVERSION WORKSHOP 

Overview of Energy Generation Technologies from Plant Biomass 
Georgiy G. Geletuha 
National Academy of Sciences of Ukraine 

ABSTRACT 

This report summarized the technologies for producing energy fiom vegetation biomass and. 
analyzed the state of their development in different countries. Their use in Ukraine for treating 
biomasses, both non-contaminated and contaminated with radionuclides, was also analyzed. It 
was concluded that the technology of direct incineration to obtain heat in 2 to 10 MWt boilers is 
the most promising for producing energy fiom radioactive biomass in Uhaine. 
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M.4TEPHAJIbI %PHOPbLlIbCKOI'O CJMHHAPA IlO BOC(3TAHORIIEHHIO llPEi I l O M O W  PA(;TEITEJIbHOCTEi Ei IIPEO6PA3OBAHHIO 
PHOMACCbI B 3HEPlTUO 
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MAl'EPELUIbI %PHOEbLIIbCKOrO CEMI.MAPA lI0 B O C C I ' A H O R J I E ~  IPIIPH H O M O m  PACXXTEJEHOCl'€i M IIPEOEPA30BAHHIO 
ESOMACCbI B 3HEPlThO 

0630p rnmnonozuii nonyYenusi mepzuu u3 pacmumenmoii 6uo~accbr 
reoprsii r. I'eneTyxa 
Y K ~ W C K ~  I'ocyAapcmemm h a e r n  HayK 

B Aomqqe npeAcrameH 0630p T e m o n o d  n o w e m  3 ~ e p r ~ ~ f  ~3 pacmenmoii ~ E O M ~ C C H  E 
n p o a ~ a n a s q o ~ a ~ o  cocToxme FIX PEGBHTHII B pa3- cqaaax, a Tame nepcneKTHsm HX 
E I C ~ O ~ ~ O B ~ H ~  B YKpaknae ,~JIX 11epepa6oncsr K ~ K  ~e3arpm~emoii T ~ K  E 3arpm~emoii 
PwOHYKJIETsaMkI ~EOMSLCC~I.  

0630p E C I I O J ~ O B ~ H ~  EM rn n o m e =  s ~ e p m  B m e  E EC. 
1 l l o ~  TepMEnaoM 6EOMaCCa 06r,mo I IOHEM~TCEI yrnepoAcoAepxcme oprammecme 

selqecma pacmenmoro E mmomoro npomxowem (npesecma, COJIOM~, H ~ B O ~ ,  
oprammecqm gacn TsepmIx roponcm OTXOAOB E T.A.). EM ZIBJII~~TCII s m e p n m  IIO 

, 3 ~ a q e m  TOILTIHBOM B -e, n o q ~ m m  c e r o m  1250 MJIH. T Y.T. 3 ~ e p r ~ ~  E COCT~BJIBI OKOJIO 
15% nepswwnr s ~ e p r o ~ o c ~ ~ e n e i i  B MHpe (B P~~BEBS)IOII~IXCX cqaa'ax AO 38%) [l]. EM 
mpam cyoqecmemym porib EI B n p o m m e m o  P~~BHTLIX c q a ~ a x  B cpemeM 2.8% 0614ero 
s~eprono~pe6ne~1.u (03II): B c m  ee  om c o c r a ~ m e ~  4% [I], B & ~ E E  - 6% [2], B KaHage - 
7% [3], B ABCTPHH - 13% [4], B Luseqmi - 16% [5], B @.q - 20% ( M ~ K C E M ~ T I ~ H ~  AOJTX 

H ~ ~ H ~ W T ~ J E H O ~  Komecmo BM~POCOB coemeHHii cepm E coxpmeme paBHosecm 
yrnemcnoro rma COa B amoc@epe. HmGonee ~ O K O  mnomsyehxoii B HacTojlrsee Bpem 
mme~cx  pacmenmarr EM. HmGonee IIIE~OKO E C I I O ~ I ~ ~ ~ ~ ~ I M E  Komepsecm SBIIIIIOTCII ~ 

TepMoxmMkIsecme Ternonormi nonyqem 3 ~ e p m  ~3 EM: npmoe cxmmme, ra3~1Cpmaqm1, 
mpom3. B COOTB~TCTBH~I c n p o r ~ 0 3 0 ~  WoBoro  s ~ e p r e ~ w e c ~ o r o  coBeTa AOJH EM C O ~ E T  

~ X I B H T H X  c q m )  [6] .  IIpemyqecTsa EM KSUC T o m a :  nomoe o-rcpcnme EJIE 

42-46?'0 OT 0614eii AOJIE HeTPaAHqHOHHbIx B0306HOBTllIeMbM ECTO¶EIEKOB 3HepI'EE B 2020 r., 
C)'IlJeCTBeHHO IIpeBbIIJIm BKnm COJIHe¶O~, BeTpOBO& reOTepM~H0~ E )I&). HBB3 [7]. 

,Emme o Komecme EM B Ywame 
B ~a611.1 rrpmenem namme aBTopa o Komecme P~~JIEYHMX BWOB EM B YIcpagHe B 1995 
r. Texmmecrai ~0-12 s~epre~wec& n9Te-m EM B YKpamre B 1995 r. c o c r a ~ m  
OKOJIO 332 II&K EJIE 11.3 MJIH. T Y.T., a o  C O O T B ~ T ~ ~ ~ T  OKOJIO 5 % 0614ero 
s~epronoqe6ne~1.u B YKpme (6e3 yseTa roponcKoro Mycopa E 6e3 yMewmem 
no~pe6~1e~m OTXOAOB EM npyrmm cemopami ~KOHOMEKE). OCHOBHHM ECTO~HHICOM EM B 
YKpame IIBITXEOTCII O T X O ~ I  c e m c ~ o x o 3 ~ c ~ ~ e ~ ~ o r o  ~ ~ ~ O I B B O A C T B ~ ,  B nepByro osepem, conoMa 

norrysem 3~eprmi B YKpame IIpEIseAeHa Ha pHcyme 1. OHa o.rpaxam 06& cna,q 
C ~ ~ C K O X O ~ ~ C T B ~ H H O ~ O  H npommemoro  npomBoAcma B Yqaknae 3a nocneme rom. 

. 

3JIaKOBbIX KylIbTyp E HaB03. WaMHKa E3MeHeHHFI IIO rOAaM KOTlWeCTBa EM, AOCTyIIHOii w 

Ternonom m p o m a  EM 
IIIapoms npeAcTasruIeT c060ii npoqecc TepMwecKoro pa3noxem oprmmecmx coemeHHii 
6e3 AocTyna mcnopoAa. Hm6ommeii nepcnemoii  w no-em 3 ~ e p m  06na,qm~ 
Tenonormi m p o m a  EM, Hanpasnemme Ha nroJyqeme BmcoKoro BbxoAa m o r 0  
IIE~OTOIUIHB~, KoTopoe neRe E Aemesne Tpmcnopmposan 9eM c a ~ y  EM. KZUIO~IGHOCT~ 

0630p manonozuiZ nonycrenuu 3nepzuu u3 pacmummbnoiZ 6uo~accbi 
reopndi-r. ~erreTyxa 

295 



hZATEPMkRb1 %P€I06bUILdXOrO CEMMHAPA no BOCCTAHOBJIEHEUO llPH nOMOrrpl PAcTEITEJIbHOCIM: kI IIPEOEPA30BA€EiIO 
EHOMACCbI B SHEPTUK) 

Ko3@. 
AOCV 
HOCTH 

0.85 

0.7 

HaarrygIIIHe c KomepqecKoii TO- 3 p e m  pe3ym~an1 A O C T H I ~ I ~ T ~ I  Ha  YCT~HOSK~X c 
m ~ y q y m m  -1 cnoeM, a nume Ha YCT~HOBK~X c ~ ~ B ~ M I I  pernopami mrmqero 

Kom- QpHy Komecmo 3~epr-e~-  
qecmo Iv€Ax EM IcKii IIoTeHqzlm 
OTXO- /m ,qocTyIIHoe E M ~ o c ~ y r ~ ~ o i i  
AOBy WUI jgm s ~ e p r e ~ ~ m  
m. T norrycIem . 

3 H e p m  
% M W . T  II)$K MJIH. 

T Y.T. 
40.31 15.7 20 8.06 126.6 4.31 

2.85 13.7 50 1.42 19.52 0.67 

CJIOX. 
T ~ ~ J I .  1. O6lqee Komecmo OTXOAO 

OTXO- 

(W14%) 
KyKypy3a Ha 3.392 1.2 
s e p ~ o  (W14%) 
CaXapHSuI 
mema (W14%) 
IIoAcome¶m 
(W14%) 
Apesecma 

29.650 0.4 

2.860 3.7 

5.942 0.55 

(cyxoe se14.) 
HTOrO 

0.9 

0.62 

2.941 15.0 40 1.18 17.65 0.60 

5.679 15.0 100 5.679 85.19 2.90 
(W14%) 
&BO3 

I I I I 1 I 

I 63.93 I I I 22.4 I 332.2 I 11.3 

9.160 - 

0630p mextlonozuii nonyvenurr snepzuu' u3 pacmumenmoii 6uo~accbi 
r e o p d  r. I'erreTyxa 
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MATEPHAJlbI %PHOIibUIbCKOTO CEMHHAPA IIO BOCCTAHOBREHIIIO IlpEI I IOMOW PACTMTElBHOCTH II llPEOEPA30BAHIW 
EIIOMACC51 B BHEPIWO 

I- 

$ 14 

0 
19SF90 1990 1991 1992 1993 1994 1995 1996 

rami 

M~KCMM~TI~HO 8OC-W ~ O E 3 B O ~ e J T b H O C T b  IiEp03IkI3HOZ YCTSLHOBKE AJ'H lIJ?OH3BOACTBa 
mmoro Tomma - 2.5 T cqbdqac (Tenonom KOMIIE~HHH ENSYN, Kma,qa). Ha 
CeroHHlILWEIji Aem meeTcx onpeaenemrirti omrr H C I I O ~ ~ O B ~ E ~ E ~  IIEPOTOIIJIEB B KOTJIE~X, 
gmemmxx E r a 3 0 ~ y p 6 ~ 1 ~ ~ b ~  ,qmraTemx. 

B qenoM MOXHO caenan B~IBOA TO Ternonormi GMCTPO~O rmpoma EM H~XOJIJXTCR Ha 

Ternonom ra3mlumm EM 
~a3m-$HKaqEItl npeAcTaSrureT c060ii BmoKoTeMnepa-rypmrti npoqecc, WE KOTOPOM 

HCCJIeAOSaTWIbCKO% CT- pa3BETHII. 

TsepAoe TOIIJIHI~O BcTyrraeT B pearqm c o r p m e m m  KomecmoM so3pyxa B~[H mcnopo,qa 

r r m p ~ ~ ~  E I C I I O J I L ~ ~ ~ ~ I M  OmcmTeneM. Ternom crop= reHepaTopHoro ra3a .rrp~ ~ 0 3 - 0 ~  
w e  COCT~BJIXT 4-6 IVI,QK/BX?. OsHnqemrii HEBKOKZUIOPE~~HSAG m ~cnom3ye~cx B 
AsmaTeJIIIx BHyTpemero cropamw, ra30~ypGk1~~b~ ,qBmTemx E B KOTJISIX. 

EOJBIIIEHCTBO AeGcmymm Komepsecmx ra3H@maTopoB pacnonoxerro B 
@q. B OCHOBHOM  TO ra3H@mcaTopbI eyx  -OB: Bioneer (9 m.) E Pyroflow (4 m.) 

c e p e m e  80-x roAob, c 1986 r. HE o m   HOB^^ ra3H@maTop Bioneer HJIEI Pyroflow He 6m 

Tema (1 00 MBT,, ) c o 3 ~ a ~ a  B r e p M m  IIO cxeMe ra3H@maqm B q q x y m p y m q e M  
K m m q e M  cnoe. Hm6onee ~ p y i ~ ~ a x  ra3l;r@maqx.iomtiX ymwoBKa w B ~ I ~ ~ ~ O T K E  

s n e ~ ~ p o 3 ~ e p r m  (60 MBTJ co3~ma B 

EI IIpeBpam(aeTCX, B OCHOBHOM, B r O p I o d  ra3. B 0 3 w  XBJHeTCII CaMbIM IIpOCTbIM E ~m60nee 

' BBeAeHHLIe B 3KCIIJ&lTalJEIO B IIepBOii IIOJIOBEHe 80-x rOAOB. &-3a r i a e m  QeH Ha He@ B 

BBe&H B 3KCIIJJpTaqkno. Hm6onee KpJTIHtiX IYBH@HKa9HOHHM YCTaHOBKa W noJry¶emsf 

IIO cxeMe "~a3~1@~a9kf l1  B KmrmqeM cnoe + 
r a 3 0 ~ y p G ~ ~ ~ a x  YCTaHOBKa". 

ASLHHbIX pa60.r [8,9,10] B-0, W O :  

0630p m W O n O Z U ~  nonyrerrwz snepzuu w pacmumenbnoii 6UOMaCCbl 
r e o p m  r. lUeTyxa 
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MATEPMkRbI %PHOsbIJIbCKOrO CEMI.MAPA IIO BOCCTAI-IOBJIEHEM) IIPM IIOMOQH PAcTIITEJlbHO(JLU II IIPEO6PA30BAIiHlO 
EPiOMACCbI B 3 H E P I w o  

Konwecmo KOTJIOB, m 
< 1 MBT, > 1 MBT, 

428 
H.A. 
100 
266 

100 
I500 

~OJ~~IIIEHCTBO IrpOE3BOAETeJIe8 06OpYAOBaHH.R ra3E@EKm EM OTHOCETCII K 
CK~HAEH~BCKEM cTpma~. B EBpone CyrSecTByeT mecm rrpo~3~ozp.~'re~1eii K P ~ ~ I F J X  
ma$mcaTopoB c ( ~ E P K Y J I E P ~ I ~ E M )  Jsm-mwm cnoeM: Rheinbraun, Gotaverken @heqkUI), 
Foster Wheeler (@m,m), Lurgi (I'epMaFIEuI), Tampella (@)H&TIWWHIL), TPS (ILIBeum). 
Texaonok SemIpex IIOCJIePJDiX H3 HEX H C I I O J I ~ ~ Y ~ T C ~ I  lzTlEI 6yAm HCIIOJE30Ba~bC51 B 
napora30~yp6~~~bnr YCT~HOBK~X c B H Y T P H ~ H K ~ O B O ~ ~  mE@mamieii EM (nr?y SI'); 
memcx AOCTZ~TO=O mor0 n p o a 3 B o m e n e i t  ram@rnaqHommx cHcTeM ~eGo~rr;mo% 
M O ~ O C T H  (B OCHOBHOM COCTOBZ~X ~3 ram@maTopa E D m a T e m  sq-rpemero 
cropamm). K ~ K  IIP~BEJIO  TO M e m e  KOMII~HEEX. 

B qerroM no T e r n o n o m  raxx$mawxzi EM MOXHO cgenam sbmoz o TOM, TO OHE 
H~XOAZCCR Ha ,aeMoHcTpaqHoHHoii CT~AHB PZBBHTIUI E e4e ~e ,qocmm KomepsecKoro 
YPOBHIL. ~ T E  Ternonom noKa He BHOCIIT 60mmoro sKnra,qa B eBponeiicKyEo 3 ~ e p r e ~ ~ ~ y .  
Oma~o ,  EX nepcnemmmocm IIOCTOXHHO ~ 0 3 p a c ~ a e ~  oco6emo c qemm nonyseHm 
~ J I ~ K T ~ O ~ H ~ P ~ E E  B n a p o r a 3 0 ~ y p 6 ~ 1 ~ ~ b ~  Y C T ~ O B K ~ X  c BHJT~EIJEKJIOBO~~ ram@iKaqEIeii EM. 

CYMMaPHm YCTaHOBJIeHHaSI MOIQHOCTb 
MBT3 M B T T  

5463 
2807 *) 
586 *) 
370 

100 2500 
8500 

Temonom ripmoro c m m m  EM 
B ~ a 6 m e  2 npHse,qem Aamme o Komecme KOTJIOB E C I I O J I ~ ~ ~ I ~ E X  Apesecmiy B 

pa3JIwwnr crrpaHax. 

> 200 
260 

770 
100 

TaGma 2. K o m e m o  KOTJIOB ~cnom3yro1q~x Apesecmy B pa3-1~ c q a ~ a x  
i 

H.A. 
250 
902 
H.A. 

*) PemHo n o v e m m  B 1994 ropy s ~ e p m  ~3 mesecmm 

me Bpem BO MHO= crpa~ax m e m n x  A e c m  m~cm MemKkDL oTomemnmx neseii E KOTJIOB 
cmmnpix npesecmyy KpoMe Tor0 B EC Hac-mamcx OKOJIO 100 c e  MOWOCTMO 1- 

c-lq~x Apesecmy HcsHcJIIIeTcII COTHXMH BO MHO~KX cqaiax -a. C ~ I M  6 0 a m  B 
wipe KOTJIOM c ~~HIIIID~HM cnoeM, ~ c n o m 3 p m  B Kaqecme CLIPMI A ~ S I  npmoro c m m  
EM IIBJIX~TCII H a  cero;qwmm& we= KoTen MOIQHOCT~IO 295 MBT,., ymmoBneHw~ B 1993 r. 
KoMnaFIHeii Tampella Power Ha C T ~  Rauhalahti B C p q .  

KowepsecKoro YPOBHIL Ternorrorneii AJIII noqeIIHtl Tema E ~ n e ~ ~ p o s ~ e p r ~ m  ~3 ~EOM~CCS,I. 

B ~a6-e IIpHseAeHbI AaHHbIe TOJlbKO 0 AOCTaTOrIHO ICpJTU%lX KOTJIaX ( > 1 mT). B TO 

10 mT, CXEEUOIIpIM COJIOMy (B OCHOBHOM B &HHE). KaK B-0, KOmWeCTBO KOTJIOB 

Ha cero,- AeHb TeXHOJIOI.EIII C m m  EM B ~ ~ T C X  OCHOBHO~~ AOCTHI?n& 

0630p m ~ o n o z u i 2  nonyvenm snepzuu ~ ( 3  pacmumabno i2 6uomaccbr 
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MATEPIlkllbI %PHOFblTlbCKOrO CEMUHAPA IIO BOCCL4HOBTIEHHIO IWEi IIOMOrrM PACTHTEnbHOCM Ei IWEOEPA30BAHIIK) 
FUOMACCbI B 3 H E P m  

IIo oqemaM Mex,qxIapomoro s ~ e p r e ~ w e c ~ o r o  aremcma (EA) IIH~OTOIIJIEBO, noJIygemoe 
nyTeM 61i1c~poro q o m a ,  m m e ~ c z  CWIM aemesbm XCEAKEM II~OAJXTOM, K O T O ~ G  MOXHO 
norryw~b ~3 EM. 

CTOHMOCTF, n o m e m  Tema ~3 EM 
B ~ a 6 m q e  4 npHseAeHo cpaBHeme ~ K O H O M W ~ C K E ~  noKmaTene6 YCT~EIOBOK Tpex =OB, 
npeppwasemrx p,m Te11110cHa6Xem omoro k13 ropoAoB 
m e n e i i  [12]: 

c HacenemeM 2400 

~ a 3 k I @ E K ~ O H H ~  YCTaHOBKa K O M 6 v O B t i H H O G  B ~ I ~ ~ ~ O T K E  Tema kI 3JIeKTpO3Hepm 
(KT3), acnom3y€01qax B Kasecme cb~pbrr E M  
TeIIlIOBSLII CTsLHqHIL C IIp5Dv5Ihl CXElXTEeM EM, 
TpaFINqIlOHHm C m  KOM6~pOBaHHO~ BbIpa6OTKH Tema E 3neKTp03~epm, Ha 
KOTOPO~~ cmaeTcx npnpomG ra3. 

Tame rrpme,qewI ~ K O H O M W ~ C K E ~  noKa3aTem 60nee ~ p y ~ ~ ~ o i i  EBH@HK~~HOHHOE YCC~HOBKH 
Bioneer, pa6o~am1qeii Ha EM E sb1pa6am1~a101orseG B nape c KOTJIOM Temo. 

PeHTa6e~mm~n tIBJIIIIOTCX TemO, IIOTIyseHHOe IIPE CXEEiHEE EM B KOTJIe (26.8 3KIo/MBT-¶,> 
E B ~ p y n ~ o i i  ra3m@acaqHomoii ycTaRoBKe Bioneer, pa6om'meii B nape c KOTIIOM (20 

0630p manonomi nonyrenu snepzuu u3 pacmumenbnon 6uomaccbr 
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MATEPIlknaI %PHOsbIJIbCKO~O CEMHHAPA IIO BOCCTAHOBJEHHK) IIPEI IIOMOIJJH PAcIuTEJIbHOcTEf H IIPEOFPA30BAM%IO 
EHOMACCbI B 3HEPIUH) 

~ K E ~ M J ~ T . ~ ~ ) .  IIPH cyrqemyaqeii c e r o w  CTOHMOCTE Tema m s  no~pe6meneii B YKpamie 
25 ... 40 3KEO/MBT.¶T MOXHO IIPOI'H03EpOBaTb ,QOCTaTO¶HO BbICOKyIo peHTa6eJIbHOCTb B YKpalEIEIe 
TexFIonod c m m  EM c uemm ~ ~ i l p a 6 0 - r ~ ~  Tema. 

*Ta6ma 3. T ~ X E ~ C I K O - ~ K O H O M E ~ ~ ~ ~ C K E ~ ~  IIOKmaTem &H+IIK~~HoHH~IX ~ c T ~ H O B O K  WIII  

TC - TemoBas CT~HIWX, A - qpesecma, T - TOP+, IT - IIPEPOWIG ra3, H.A. - H ~ T  AZUIHMX 

Osema c e 6 e c ~ o m o c ~ ~  n o w e m  xammix TOILTIFIB ~ 3 E ; M w r e ~  nmom3a B 
Y m m e  

0630p mmonozufi nony~enlur sneptuu u3 pacmumenbnofi 6uo~accar 
reopIlliir r. reneTyxa 
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MATEPMAJibI qEPHOEbLJIbCKOr0 CEMUHAPA XI0 BOCCTAHOBJIEHEIK) IIPH I I O M O W  PAClXRXbHOCTHH IIPEOEiPA30BAHIW 
EUOMACCbI B 3HEPlXK) 

n p ~  oqeme C ~ ~ ~ C T O H M O C T H  IIoTIyseHHtL xqqraix TOILTIHB rIyTeM q o m a  EM B 
YKpamae EICIIOJI~OB~HI~I &amme [ 131 E ~ H H I I T O ,  wo B YKpame K n m I e  3a~pa-r~  

C O C T M T  50%, ~ K C I I J I ~ ~ T ~ ~ H O H H E J ~  3a~pan1- 30%, a omaTa TpyHa - 20% OT c o o ~ s m c m p ~  
3aTpaT B k J I E E .  CTOHMOCTb IIEpOTOlUIHBa 110 IIpOlXO3y B YKpaEHe COCTaBET 2.7 ... 7.3 
rpfl&K B 3aBHCHMOCTH OT IIpOH3BO~TeJIbHOCTE YCTaHOBKE E CTOEMOCTE CbIpbZ. npH 

v e h f  IIHpoma EM, MOXCX CTaTb K O H K ~ ~ ~ H T ~ C I I O C O ~ E B I M  V H  IIPOE3BOAETeJIbHOCTH 
pmowoii CTOHMOCTH M a p a  M40, p a ~ ~ o i i  4.86 rpH/rA>K, =oe TOIIJIEBO, noJrysemoe 

YCTZIHOBK~I 6onee 5 T/S. 

Ogema ce6ec~omocm neqeHmmosaoi i  BLID~~OTKH 311em03~epm 1.33 EM 

I I ~ H  oqeme c e 6 e c ~ o ~ ~ o c m  ~ n e ~ ~ p o s ~ e p ~  ~3 EM B YKpame B ~ e q e ~ ~ p a ~ ~ m o s a ~ ~ ~ x  

IICIIOJE~OBSLH~I AaRwIe [14] H nonygem Ce6eCTOHMOcTH 9.7 ... 12.6 KOII./&T.S. IIPH psmowoii 
CTOHMOCTH m e q o s ~ e p m  B YKpame mx 9acTHbx 110Tpe6HTeJIefi 9 KOII./&T.V, 
~ ~ ~ K T ~ O ~ H ~ P I ' ~ I I I ,  nonygemasr ~3 EM nyTeM m p o m a  H ~ H @ E K ~ ~ H H  B n e q e ~ ~ p a m i s o s a ~ ~ m  

m e M  m o m a  EI ~ E ~ H K ~ W H  B Ymame 

mPOJM3HbIX E ra3H(I)HKa9HOHHbM YCTZiHOBKaX (300 H 100 KBT3 COOTBeTcTBeHHO) 

YCTUOBKaX, XFUUIeTCII HeKOHlcypeHTOCIIOCO6HOk 

1. TepMoxEIMEIsecme T e X H O J I O m  IIOJrygeHHII 3Hepm H3 EM AOCTaTO¶O GMCT~O 

2. EbICTpbG 4 JI@OW3 EM HaXOmTCII Ha HCCIIeAOBaTeJIbCKOfi, EEiH@HKaqHII - H a  
P~~BF~BZUOTCII B pme 3a11a,q~m c q a .  

A e M O H C T p ~ O H H O f i ,  a TeXHOJIOIlEl CXElXHEX - Ha KOMMepseCKOfi CTaAEE PBBETEIII. 
3. TOJEKO T e a o n o m  npmoro cxamrm EM c qemm norrysem Tema H 

K O M ~ ~ O B ~ H H O B  B ~ I ~ ~ ~ O T K H  Tema E s n e ~ ~ p o s ~ e p m  AOCTHTJIH P ~ H T ~ ~ ~ J I ~ H O C T E  B 

HacToIilqee Bpem. 
4. TOJEKO ,qocTaTosRo KpymsIe rmH@maqHomme Y C T ~ ~ O B K E  ( m a  Bioneer) 6m3m K 

5. YKpaHHa 06n&ae~ 3Ha¶ETelIbHblM IIOTeHqHaJIOM OTXOaOB 6HOMaCCbI AO-IX 
K O H ~ e H T O C I I O C O 6 H O C T H  W E  sbrpa60~~e TeILTIa. 

norryseHm s~eprm - OKOJIO 11 .m. T Y.T. B 1995 r. ( OKOJIO 5% 06rqero n o ~ p e 6 ~ 1 e ~ m  
nepskIwbIx s~epro~ocmeneii). 

6.  OCHOBHHM HCTO¶EKOM EM B Y q m e  srarunoTcx OTXOA~I c e m c ~ o x o 3 ~ c ~ ~ e ~ ~ o r o  

7. Mom0 o)fcHAam npHopmeTHoe pa3s-e B YKpame Temonomfi npmoro cmmxmx EM 

8. P a s m e  Ternonorxi4 norrysem ~ n e ~ a p o s ~ e p m  E I ~  EM B YKpame B O ~ M O ~ O  TOJGKO n p ~  

IIpOH3BOACTBa, B IIepBP OSepe,L&, COJIOMa 3JIaKoBbIX lcyJIbTyp E HaB03. 

m n o w e m  Tema. 

H ~ T I ~ ~ W H  c y 6 c W  E mroT npomBomemm ~ a ~ o i i  x i e ~ ~ p o s ~ e p r ~ ~ .  
9. Hm6onee IIepcIIeKTkIsHbIME AruI KoMMep~ecKoro ECIIOSIb30BZlHE2 HePLlAEOaKTHBHOG 

6~o~accb1  B YKpSLHHe XBntifoTCII: 
KOTJBI E ram(I)ma9Homme YCT~HOBKH IIO nepepa6once WesecmIx OTXO~OB 
B L I ~ ~ ~ O T K H  Tema (0.5-5 MBT,,); 

0630p mex~onotuii nonyvenm sneptuu u3 pacmumabnoii 6UONaCCbZ 
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16 

' BHA Bmo- KO@. K03a. Kom- QpH, K O J x m e ~ O  3~epr-ec- 
6xo~accb1 ~ o i i  o-rxo- AOW- q e m o  M,lJ,x 36Mnocryrr- ~ ( H ~ ~ I I o R H ~ H -  

cgop, AOB HOW omo- . ha- a o e m n o -  aiiEMnoc- 
UIIH. T BOB, nyseHm TyIIHoii EJLZ 

m. T SHepmkI s ~ e p r e ~ m c ~  
% MJE3.T MJIH. 

T Y.T. 
3JIaKOBbIeKymj- 28.498 1.654 0.85 40.31 15.7 20 8.06 126.6 I 431 
l"pbX(wl4%) I I I 
KyKypy3a Ha 3.392 1.2 0.7 2.85 13.7 50 1.42 19.52 0.67 
sepHo (wl4y0) 
CaxapHarr 29.650 0.4 0.4 4.744 13.7 50 2.37 32.50 1.11 
cBerura (W14%) 

(W14%) 
HpeBecma 5.942 0.55 0.9 2.941 15.0 40 1.18 17.65 0.60 
(w14%) 

( w o e  sea.) 
kITOr0 63.93 22.4 I 3322 11.3 

IloAcomewaK 2.860 3.7 0.7 -7.41 13.7 50 3.70 50.74 1.73 

HaB03 9.160 - 0.62 5.679 . 15.0 100 5.679 85.19 2.90 

1986-90 1990 1991 1992 1993 19% .1995 1996 

lU&W 



Ta6n.3 COBpeMeHHOe COCTOSHHk TeXHOJIOI-a% ' 6b1c~por-o nllrpOJIllr3a 

GRES, r p e m  KyJIHpyEo JI@ KC 
ENEL-Ensyn, H T ~  
Schelde-BTG-Twente, HHAepnaEwbI A G ~ ~ H o H H ~ S ~  K O ~ C H ~ I ~ ~  

Union Fenosa-WFPP, Hen- KC 
ACTOHC- ymmepcmeT, . AGJTXQHOH~S~ mponmep 
B e m o 6 p m a ~ m  KC 
V", QEIJXJMHA~III 

Asa peamopa c KC 

D a  peamopa c KC 

10 
650 
50 

160 
5 
2 

20 

NREL, CLIJA 
Red Arrow-Ensyn, CLUA 

KC 1 
A G ~ O H H L G  BHXpeBOg 60 
&a peamopa c KC 1000 

I 

Red Arrow-Ensyn, CUIA 
Ensyn, Kmma 
YHHBePCHTeT r.BaTepnoo (FVFPP), 
Kam,qa .. 

0630p manonozuii nonyqenurr snepzuu u? paunumbnoii 6uoniaccbr 
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ra3M@MKaTOP 

HTV-Juch (LLIBemapm) I He KomepqecKax 

Pacnonoxeme C q x e  MoIqHocrb 

Bioneer (OHHJIIIHA~) 

Volund (AaHm) 
Daneco (~ITEUIIU) 

IIIBetiqapm) 

10 YCTX-IOBOK (Qm- Apesecma/Top@ 
mm, m e m )  
2 YCTX-IOBKH o$wm) ApesecmdTopG 4 MBT, +1.2 MBT, 
Villasantina, T O  *) 3 MBT, +0.6 MBT, 

5-6 MBT, 

Isola d’Ebla T O  6 MBT, 

Apesecma 
OTcToii cTO¶HLIx 

BOA 

Apesecma 
ApeBecma 
Apesecma 

HeTAaRHbnr 

ra3HcpHKaTopbI c W C  

450-700 IBT, 
lMBTT . 

150-1500 &T, 
3.3 MBT, 
100 S T ,  f 

200 KBT, 
100 J&Tr 

Ahlstrom 

Schelde WAepnmALI) 

GASBI (EIcnaHm) 
(rePM=) 

NMPBS (EIpnmm) 

3aumann AG 

’ 

4 YCT-K~I (ILhem, 
Om., rIopTyraJIm) 

Vhshgen 

HeTAaRHbnr 

HeTAZLHHLIX 

Enniskillen 
mpJIX-Im1 
Hundsrueck 

Lurgi 

ApesecmiIe ornom~ 

Kopa 
ApeBecHrse O T X O ~ I  

ApesecmiIe O T X O ~ I  

Pols (ABcTpm) 

Hm) 

Rudersdorf VepMa- 

15-35 MBT, 

35 MBT, 
100 m T T  

35 MBT, 
*) T O  - r o p w m  sac% m e p a x  roponcmx OTXOAOB. 

0630p mscnonozuii nonyvenm snepzuu u3 pamummoi i  6uommar 
~eopmii  r. reneryxa 
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Opmsarlku~/  
ra3Il@klKaTop 

Pacrionroxeme Temo- ,@ma- MOLqHOCTb, 

JIOlXX TeJE MBT,IhlBT, 

0.2- 
0.7 
0.6 
0.5 

5 
5 

2.0 

0.5- 
1.2 

H.A. 

H.A. 

H.A. 

H.A. 

4.7 

H b I e  CHCTeMbI 6onbmoii ~OIIIHOCTH (> 0.5 MB 
Electrobras / TPS I State Bahia, Epa3~~~c i1  . 

Prov.Noord-Holland / TPS 1H.A. *) 
I 

H.A. GEF 1 H.A. ***) 
~ Geermidenberg, m. *) 
j Di Cascina, M T ~  1 2 1  - I ENEL / Lurgi 

Yorkshire Water / TPS 
4erimpianti/TPS (Studsvik' 

h e  Valley, Be~mcoGp. -9-i 6.7 H.A. 1 Greve, HTZIJIXU 
1 BapHaMo, **) Ahlstrom / Ahlstrom 

ENEL / Studsvik ~H.A. *) 
Vattenfall / Tampella 

~~ 

H.A. **) 
H.A. 

60 I 60 I 
North Powder / J-Wl?@m 
E l s a  / Tampella 39 7.2 H.A. H.A. *) 

rmaiiEI, c m  PICHTR / IGT 
MTCI / MTCI (CLUA) H.A. *) 
Free University of 
Brussels / DINAMEC . 
VUB / VUB (EeJrr;m) 
3attele M. L. / Battelle 
2olumbus (CLUA) 
3order Biofuels / Weliman 
zasymod 
Volund / Volund 

H.A. *) 
Burlington, CulA 

H.A. *) 
Laage, r e p M m  **) BAr I H.A. 

Graz, h q m  **) 
2 ~ C T ~ H O B K F ~ ,  

Villasantina, E;~T~IUH 

Volund (&HER) 

Daneco / Foster Wheeler 
1.2 I 4 I 

0.5-2 H.A. %I H.A. **) 
General Electric, GE *) H.A. 

I I 1 

xeme rma, H,Q? - m c x o m e e  Asmeme m a ,  II. A. - nog AasnemeM, H.A. - H ~ T  A ~ H -  
HHX; *) - IIpoeKTkIpyeTca, **) - BBOAE~TCS B AeiicTBxe, ***) - CTW a ~ w a ,  ****) - He 
AegCTByeT 





. 

IIOKa3aTem 

Konmecmo C T ~ E I E  
06rqarr. H O M ~ M ~ T I ~ H ~ X  MOIIIJIOCT~, MBT, 
POCT HOMkIEIaTlbHOg MOWOCTEI, % k O A  

Pacxon C ~ X R ,  T cyxoro cqmd(MBT,.r) 
IkpHOn pa60~61 IIpH E O m O G  HiWpY3Ke, 9/r 

a% 
IloTepH Tema B ~py6onpo~o~ax,  'YO (B cpemeM 

lMATEpEIAJIbI ' q E P H O ~ C K O 0  C-AIIO BOCCTAHOBJIERkW IIPE€IIOMOII&XPACTkiTEJIbHOCTHEIlIPEOEPA3OB~ 
I;EIOMACCbIB3HEPI?iIO 

MO~OCTb, MBT, 
< 1  * 2 1  B cpenHeM 

141 125 
62 311 * 

17+2 19+ 10 19+8 

380+140 460f200 430+180 
1460+540 1700&710 1630+660 

81 . 84 83 
28 

. .  

3a rea) 
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PROCEEDINGS OF THE CHORNOBYL PHYTOREMEDIATION AND B r o w  ENERGY CONVERSION WORKSHOP 
--J---Y--, -l_ t. I .  . ’ENERGY CONVERSION SYSTEMS :- 

Superadiabatic Gasification Prospects for Processing Contaminated Wastes with Energy 
Generation 

G.B. Manelis 
E. V. Polianczyk 
V.G. Shteinberg 
Institute of Chemical Physics, Chernogolovka, Russia 
Russian Academy of Sciences 

ABSTRACT 

The method is based on counterflow gasification of combustible waste with air or air-steam 
oxidant. It includes the following steps: 

1. 

2. 

3. 

4. 

5. 

preparation of the raw material; 

pyrolysis and gasification in superadiabatic regime of combustion with production of fuel 
gas; 

cleansing of the product gas of dust, sulfur- and chlorine-containing admixtures, and other 
pollutants; 

afterburning of the combustible product gas in a boiler with production of heat and, possibly, 
electricity generation; and, 

[optional, when (3) is insufficient] cleansing the smoke gas of pollutants. 

Superadiabatic regimes of combustion in a counterflow reactor (e.g., type of a shaft kiln) can 
be materialized when the process is arranged so that the oxidant gas filters through the ash, 
which lends its heat to the gas, and the gas reaches the combustion zone being preheated. The 
ash, on the other hand, leaves the reactor being substantially cool. At the same time, the gaseous 
products of combustion (gasification) cool down as they filter through fiesh fuel, while the fuel 
heats and partially pyrolizes. So both oxidant and fuel enter the combustion zone being heated 
over their initial temperature, and when they react, they heat to a temperature much higher than 
the temperature they would reach if they were k e d  cool (the theoretical limit of the latter 
temperature is by definition the adiabatic temperature, hence the name “superadiabatic”). When 
both the product gas and ash leave the kiln being substantially cool, the heat of the reaction is 
efficiently trapped within the reaction zone. 

This flow pattern is inherent in all countefflow processes, yet those known itom the previous part 
do not provide strong heat recovery within the process. The superadiabatic regime, to material- 
ize, req*es not only the above-described flow pattern, but also harmonization of stoichiometry 
of the reactions in the combustion zone with the heat exchange in the heat recovery (preheating) 
zonesabove and below the combustion zone, and with the dynamics of the gas flow. It also 
requires the geometry of the reactor to be in accord with the presence of these zones. With the 
heat recovery brought to perfection, one can achieve a very high heating with a low overall heat 
effect (including negative heat effect of endotherniic reactions, e.g., water-gas reactions if steam 
is introduced with the air). Owing to high temperature, the chemical equilibria in the hot zone, 
where hot carbon (char) is present, the shift to formation of combustible gases such as hydrogen 
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of energy conversion (calorific value of initial fie1 referred to that of the product gas) can be 
achieved in the process. 

Enhanced efficiency of energy conversion achieved in the superadiabatic regime (in certain cases 
95%) is an advantage of the process over conventional methods. The other advantages include 
the following: 

A high and independently controllable temperature in the combustion zone provides a possibility 
not only to achieve high energy efficiency, but also to obtain the gas with a high content of 
combustible gases (hydrogen, carbon monoxide), which can be afterburnt efficiently. High 
efficiency of gasification additionally means that air consumption in’the process drops (oxidation 
to carbon monoxide requires half that to dioxide), and overall volume of the product gas shrinks. 
Low linear velocity of the gas secures low entrainment of dust in the product gas. Pertaining to 
incineration of radioactive wastes, the high-controllable temperature in the combustion zone 
provides a possibility to achieve partial caking or vitrification of ash residue to obtain it in non- 
leachable form. Alternatively, owing to high tolerance to ash content, the process provides a 
possibility to add limestone to material incinerated so as to obtain binding material that can be 
buried safely. The low temperature of the product gas renders unnecessary exterior units for its 
quenching and heat exchanges to use the heat of gas. As applied to gasification of wastes con- 
taminated with radionuclides (biomass, technogenic combustible wastes), this provides a possi- 
bility to cleanse particulates of the product gas rather than smoke gas. The former has a lower 
temperature and substantially smaller volume. In the context of gas cleansing, tars are more a 
fiiend than foe since each dust particle acts as a condensation center for tars; therefore, the 
efficiency of containment of dust particles bearing radionuclides is enhanced. Tars and dust 
traces recovered can be backfed with fresh fuel so that solid products are withdrawn only with 
ash. It is important that this arrangement allows one to restrict radioactive pollution to the reactor 
and gas-cleansing unit, leaving the boiler uncontaminated. 

Owing to high energy efficiency, the limits of combustibility, where moist or high-ash materials 
can be processed, are broader as compared with the conventional methods. 

This method provides a possibility to achieve incineration of combustible radionuclide-contami- 
nated wastes for safer burial of ash residue and with making use of their heat content. 
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MATEPuklIbI %PHOsaIJIbcKOrO CEME1HAPA IT0 BOCCL4€IOBJIEHEIH) IlPH IIOMOnpl PA-HOCTEI H IIPEOEE’A30BAHUIO 
GHOMACCbI B 3HEPlXIO 

1. 

2. 

3. 

4. 

5. 

A o m a m e  roproqero Bbq~a60Ta~~OrO m a  B KoTnoarperaTe c noJIysemeM Tema E, 
BO~MOXHO, ~r=~paGoTiCoii s n e q o 3 ~ e p r ~ ~  

c!y11epaflEa6aT€i¶eC~He p e m m i  cmraHm B I I ~ O T E B O T O ~ O M  armapaTe, B KOTOPOM 

I I P O X O ~ T  pe- (K npmepy, m a  maxmoii ne¶) M O X ~  ~ ~ p o ~ s ~ o ~ c x ,  Koma npoqecc 
lTOCTpOeH TaKElM 06pa30~, a 0 6 ~  ra3-OKHCJIETeJTS lIPO@JETPOBbIS~CX Sepe3 30JIy, KOTOpaSr 
nepenam C B O ~  HarpeB rmy, E ra3 nocTynaeT B 3 o ~ y  c- B I K O A O ~ ~ ~ T O M  Bme. 30na, c 
my02 CTOPOHM, BMXOJWT FB peammomioro armapara 6y.4y-q~ 3 ~ a m ~ e m ~ 0  omsurcqeHHoE. B 
TO xe cmoe Bpem ra3006pa3wre n p o ~ y ~ ~ b ~  croparzarr ( ~ ~ ~ E @ E K ~ I J E ~ E )  OXJI~XASL~OTCIL no Mepe 
npoxo>lcqeHEur ~epe3  cBexee TONZHBO, npmom K Hirpesamm T o m a  E ero ~ a c m o ~ y  

no cpaBHeHEno co cBoeii H C X O ~ O ~ ~  TeMnepaTypoii, E, KorAa om B ~ T ~ ~ Z E O T  B peamom, OHE 
pmorpesamcz BO TemepaTypbI, ~ H ~ S B T ~ J I ~ H O  npe~~mrm~ae i i  Temepaqyy, K O T O P ~ ~ O  6~ om 
gocmm I I ~ H  cMemamm B X O J I O ~ O M  Bme (Teopmecm 3~aqeme nocnemeii no 
onpeAenreHEn0 HOCHT H a 3 B a m e  ag~a6amec~oE Temepaqpr, oTKyAa E B O ~ H E K ~ ~ T  TepMm 
( (cynep~a6a~mec~am) .  Korna sbrpa60~aHHI51e ra3 E 3ona IIOKEASLHIT ne%, 6y.43~1~ 
~ H ~ W T ~ J I ~ H O  omamemmrm, pe3y~1b~apy1orsee Temo peamm, no C ~ T H  Aena, ocme~cx 
“ynoBneI-mmw B npenenax  OHM peamvizi. 

, lIEipOJIFI3y. HTaK, E OKHCmeJtb E TOIIJIEBO, IIOCTylIaJK)me B 30Hy C-, IIO,4O~eBSLfOTCX 

Ta~oii TFIII IIOTOKOB IIPEC~IU BceM TT~OTBBOTO~H~~M npoqeccm, TeM He MeHee omcamme B 
npe%mei i  S a m  IIOTOKE ~e 0 6 e c n e m ~ m ~  BMCOKO~~ peKynepm TemomiI B p a ~ ~ a x  
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khTEPEikRb1 %PHOEblRbCKOrO CEMHHAPA If0 BOC(JTAH0BJIE- lIPU lIOMOlI@3 PACTHTEJ&HOCTEI U IIPEOEPA30BAHMtO 
6EiOMACCbI B 3HEPzuIo 

npoqecca. )Qix ocmemnemm cynepa~pia6a~wec~oro p e m a  ~ p e 6 y e ~ c i ~ e  TOJI~KO 
OIZHC=& Bbme XOA IIOTOKOB, HO T m e  rapMom.aqHII cTemoMqm pe- B 3 o ~ e  
c- c T ~ I I J I O O ~ M ~ H O M  B ~ O H ~ X  percynepanpm Tema (npe,qBapmern;Horo Harpesa), 
p a c n o J r o x e m m  B b m e  E m e  3ow1 c m m ,  E c marmaoii r a 3 o B o r o  n o T o K a .  OH T a m e  
~pe6ye~ ,  9 ~ 0 6 ~ 1  reoMeTpwecme napmqblr peaKsHomoro armapaTa COOTB~TCTBOBEIJIH 
II~EC~TCTBEIIO T~KHX  OH. C AoseAemieM AO cosepmeHcTsa peKynepasHkI Tema M O ~ O  
~ 0 6 m c x  ogem B~ICOKOE B L I ~ ~ ~ O T K E  Tema I I ~ E  ~ I C H X  Temomx 3 4 @ e ~ ~ a x  B qenoM 
(BISJIIO~SUI Heram=* TemoBoii S@@~KT 3 m o ~ e p ~ w e c ~ ~ x  p e e ,  K q m e p y ,  B O ~ O -  
~ O B ~ I X  p e a  rrpa A O ~ ~ B ~ ~ H E E  B B O ~ W  napa). EnaroAapx B~ICOKOG Temepa-rype, 
xmamecme paBHosecm B ropmeii 3o~e,  rne ~ a x o m c x  Top- yrnepo~ (06yrmmeecx 

MOHOKCHA yrnepoAa H TemoBoG S@@~KT B qenoM cyIsecmemo nmam. T~KEM 06pa30~ B 
BerqeCTBO), CMeID(ZU0TCII B CTOpOEIy @OpMHpOBaREur rOPIOPBX ra30B, TaKHX KslK BOAOPOA H 

qoqecce MOXfCeT 61333 AOC- O¶eHb BbICOKSLII 3@t$eKTHBHOCTb npeo6pa3o~a1im 3Hepm 
(TeIIJIOTBOpHOCTb HCXOAHOrO TOIIJIEBa IIO OTHOITIeHHK) K TaKoBOfi AJH Bblpa6OTaHHOrO lYi3a). 

IIosbmemax ~ @ @ ~ K T H B H O C T ~  npeo6pa3osa~m 3 ~ e p m ,  A o m a e M a s  B c y n e p a ~ ~ a 6 a m e c ~ o ~  
pe-e (B HeKoTopdnr c ~ a m  95%), mmeTcx npemymrecmoM npoqecca no cpaBHeHEno c 
T ~ ~ A H ~ H O H H ~ Z M H  M~TOA~MH. & m e  q e m e c m a  BISJIIOFEUOT B ce6x cnemrqee: 

BbICOKaX H H ~ ~ ~ B H C E M O  ynpaBmeMaX TemepaTypa B 3 o ~ e  cxm- 06ecne¶~am 
BO~MOXHOCT~ He T O J ~ ~ K O  ,qocmxemm B M C O K O ~ ~  3 ~ e p r m e c ~ o i i  S+#I~KTEBHOCT~I, HO Tame 
n o q e m  ra3006pa3~oro n p o n y ~ ~ a  c B~ICOKEM coAepxameM ropmmx ra3oB (BOAOPOA, omcb 
ymepoAa), KoTopbIe MOT S@@~KTHBHO Aomamicx. BbrcoKaJI ~ @ @ ~ K T E B H O C T ~  ra3m@maqm 
0 3 ~ a q a e ~  AoaomemHo, m o  no~pe6neme ~ o 3 ~ y x a  B xone npoqecca nmam (omcneme 
yrnepona no OKHCH yrnepona Tpe6yeT I I O ~ O B H H ~  TaKoro o6ae~a  mx m y o m c ~ ~ )  H coKparqaeTcx 
0 6 i i .  0 6 a e ~  sbq1a6a~br~ae~oro ra3a. H E ~ K ~ X  m e i h a x  CKOPOCT~ noToKa m a  06ecnemsae~ 

p m o a ~ ~ ~ s ~ b n r  OTXOAOB, BLICOK~X YnrpaSmeMaX TeMnepaTypa B 3 o ~ e  c x m m  AaeT 

noJIygeHHIE He nomammzccx orqenamzmmo @OPM. KpoMe Toro, 611arOAapB IIIE~OKOM~ 
npeneny AonycTaMoro cocTaBa 30m1, npoqecc 06ecnemam BO~MOXHOCT~ a o 6 a ~ n e m  
H ~ B ~ C T H X K ~  K cmaeMoMy MaTepHany c qemm n o q e m m  cBli3yIomero MaTepHarra, 
no3~omrqero 6e3onac~oe saxopo~eme. HE~K~FL TemepaTypa BbqIa6aTbIBaeMOrO ra3a AenaeT 
Heqxcm,nm B H ~ I I ~ H E ~ ~  np~cnoc06ne~~v1 mx ero oxTIax,qeHEvI H T ~ I I I I O O ~ M ~ H H ~ H  rn 
~ T B T I H ~ ~  TeMnepaTypbI m a .  IIpmemTemHo K r a m @ m ~  OTXO~OB, s a r p m ~ e ~ ~ b n r  

np0~3so~ff la  omcmy OT TsepnIx P a c m  B s ~ p a 6 a m 1 ~ a e ~ o ~  me ,  a He B ~ I M H O M  rme. 

WOO¶CTKH CMOJIH XBJTXIOTCX cKopee ~ ~ J T O M ,  9eM BPWOM, IIOCKOJI~KY K ~ Z W  mmeBm 

~ @ @ ~ K T ~ I B H O C T ~  n o ~ x r m  mmeBm s a c m ,  HecyrsHx pm0-1. YnoBneHmIe CMOJIH H 

HH3m 3aXBaT sb1pa6a~b1~aemm ra3OM IfbLTIeBbM ¶aCm. OTHOCklTeJIbHO CXEl?a.HIiSf 

B03MOXHOCTb ~06mamicx ¶aCTE¶HOTO CIIeKm HJIH CTeIUIOBaHZiX 30JIbHOTO OCma JQUI 
. 

PWOHYKJnwaMH (6EOMaCCb1, TeXHOreHHblx rOpW% OTXOAOB), 3TO AaeT B03MOXFIOCTb 

nepBba EMeeT 6onee HE3KyIO TeMnepaTypy E 3Ha¶EiTeJILHO MeHbIII& 06ae~ .  B KOHTeKCTe 

¶aCTHqa AeiiCTBYeT KslK qeHTp KOmeHCaqHH A.llX CMOJI H, IIOBbIIIISUI, TeM CaMbIM, 

OCTaTKE IIbIJIE M O T  6bm OTIlpaBneHbI 06pamo B IIegb BMeCTe CO CBeM TOIUIEBOM C TeM, 
~ 0 6 ~ 1  TSepAbIe IIPOAyKl’LI E3BJIeKaTal[Cb TOJIbKO BMeCTe C 30JIOg. B-0, a 0 6 ~  TaKOe 
yc~poGcmo IIO~BO~IIUIO orpammmarn pamioaKTasHoe sarpm~eme B npenenax peaKsHomoro 
annapam II moozIHcmemHoro yc~oiicma, o c m m  KoTnoarperaT He s a r p r n ~ e ~ ~ ~ ~ .  
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Superadiabatic Gasification Prospects for Processing Contaminated Wastes with Energy Generation 
G.B. Manelis, E.V. Polianczyk, V.G. Shtehberg 
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___c air A 
(aerosol, tars) T / r  1 vapor - 

solid combustion raw fuel Jproducts (ash) 

combustion zone 

In the combustion zone: 

ATm m > ATad = Q/c Q - heat effect 
c - heat capacity 

2C + 0 2  + 2C0 + Q ( 0 2 )  

C + H20 + CO + HZ - Q (HzO) 
CnOm 3 C + CxHy k Q (GO,) 

oxidation 
pyrolysis 

Advantages of the process: 

a) Variation of T in broad ranges (800-2000 K) 
b) High rate 
c) High energetical efficiency coefficient (up to 95%) 
d) Processing materials containing up to 90% of ash 

and up to 80% of water 
e) High ecological safety 
f )  No need in energy supply 
g) Solution of ecological problems with 

simultaneous production of energy and 
valuable products of processing 

ABTOJlOKAJlM3A~M54 llPOL(ECCA B nPOCTPAHCTBE 

1 2  3 .  ' S  

1. Oxcrcneaue ymepona: 2C 3- Or -r) 2CO 
C+H20  + C O + H 2  
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Superadiabatic Gasification Prospects for Processing Contaminated Wastes with Energy Generation 
G.B. Manelis, E.V. Polianczyk, V.G. Shteinberg 
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Superadiabatic Gasification Prospects for Processing Contaminated Wastes with Energy Generation 
G.B. Manelis, E.V. Polianczyk, V.G. Shteinberg 
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Superadiabatic Gasification Prospects for Processing Contaminated Wastes with Energy Generation 
G.B. Manelis, E.V. Polianczyk, V.G. Shteinberg 
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Feasibility Study of Dijjferent Contaminated Biomass Conversion Options 
A Yakushau 
Institute of Power Engineering Problems, Belarus 

ABSTRACT 

Belarus has few domestic opportunities for power production and projects a power shortage by 
2010. Wood-fired conversion is a good option for Belarus. An economic analysis showed 
gasification with a poor return, boiler fired conversion was fairly good, and co-firing was best. 
The social benefit was not costed, but it was assumed that doing something was better than 
nothing. 
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Design of Commercial Cogeneration Stations Suitable for Radionuclide-Contaminated Fuels 
Helle Junker 
Elsamprojekt, Fredericia, Denmark 

ABSTRACT 

As the strategy in %e choice of power plant concept for combustion of radioactive contaminated 
wood and forest litter, it has been chosen to use well proven and reliable commercially available 
components to the widest possible extent. The design will focus on producing the most robust, 
forgiving system consistent with the best design.practices. 

The presentation for the workshop focused on the conceptual design for a demonstration plant 
for combustion of radioactive contaminated fuels: wood and forest litter. The demonstration 
plant is intended to besituated at the Svetlogorsk Power Plant, where it will be substituted for an 
older natural gas fired unit. The wood-fired boiler will use the existing facilities, i.e., the steam 
turbines and electric power distribution grid. 

The boiler will be a 100 t/h (-23 MW,) grate-fired boiler using membrane wall technology for 
the combustion chamber. This boiler is large enough to be in the size of commercial interest. 
However, due to lack of infrastructure for fuel harvesting and transportation, the boiler should 
not exceed this size. The boiler type chosen is a proven and robust technology that can be 
manufactured and operated in FSU. The superheating of the steam is determined by the inlet 
conditions to the existing turbines: 98 bar and 540 C. 

The following plant components will deviate fiom a conventional wood-fired plant due to the 
radioactive contamination of the fuels: 
0‘ The forest litter/d&needs a separate feeding. system and dust prevention fiom the stacks, 

and the feeding of fuels may be needed. 
0 A high performance filter system is needed to collect the submicron Cs-containing particles 

formed in the flue gas. A baghouse with Goretex fabric bags is believed to be the best choice. 
0 The removal of the bottom ash from the boiler and the fly ash fiom the filter has to be done 

in a manner to prevent dust. 

0 The ash needs to be disposed of in dedicated deposits intended to be in compliance with the 
IAEA regulations for interventions (disposal of low-level radioactive waste). . 

On the basis of the analyses of the plant design for power production fiom radioactive 
contaminated wood and forest’litter, it can be concluded that if the plant is designed carefblly, we 
will be able to address all the hazards for combustion of radioactive-contaminated fuels. 
However, if the design is not done carefully, the radiological risks may be increased. 

The results presented are being carried out under the “Chomobyl Bioenergy Project,” a project 
that has been developed in a collaboration with the Belarusian EPA. as a shared effort between 
individual intemational partners: Sandia National Laboratories, California, USA, Wheelabrator 
Environniental Systems, USA, The Institute of Power Engineering Problems, Belarus; 
ELSAMPROJEKT, Denmark Riso National Laboratories, Denmark and The D,anish Forest and 
Landscape Research Institute, Denmark. 
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mTEPIlAJIb1 %PHOEblnaCKOrO CE-A IIO BOCCl'AHOBJEHHIO IIPH IIOMOIUH PAClXTWIbHOOTEI EI IIPEOEPMOBAHEIIO 

EUOMACCbI B 3HEPIwo 

Pmpa6om~a KomepvecKux cmanyuii no 6blpa601t2Ke mennosoii u ~nempurec~oi i  3nepzuu, 
nodxodatyux d m  pa6ombr na 3 ~ p ~ n e n n b ~ : p a d u o n y ~ u d ~ u  sudax monnusa 

X e m  Wamep 
O p r a ~ ~ s a q m  Elsamproject, CDpeAepEcm, ASLHHII 

B Kaqecme cTpaTem n p ~  sb160pe Kowenqm ~JI~KTPOC- ,mx c)ma-imm 3arpm~e~a.m~ 
pa,qnoiqwm,qa~k~ Apesecmm E necHoii IIOACTEJIKE, 6bmo pemeHo E C I I O ~ ~ O B ~ T ~  B K ~ K  M O ~ O  
6onee I ~ ~ O K O M  ~ a c m a 6 e  xopomo 3 a p e ~ o ~ e ~ ~ o s a ~ ~ e  ce6x E Ha,qexaiLIe Komepsecm 
A o c m I e  KOMnoHeHTbI. @&I 6 y ~ e ~  KoH4eHTpEpoBaTbcrr Ha pmpa60me ~m60nee 
C T O ~ ~ K O ~ ~ ,  Ha,qemoii cEcTem1 cornacHo H~~TLY~I I IHM M ~ T O A ~ M  K O H C T ~ ~ ~ O B ~ H E X .  

CneAyrompe KormoHemx C T ~ H ~ E E  6 y ~ y ~  o-rmancx OT O ~ L T L Z H O ~ ~ ,  pa6om11tei3 Ha npesecme 
CT~HJJJTH B carry pwoaKTHBHoro 3 a r p m ~ e m  3~epro~oc~~eneE:  
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rIpe,qcTasnemme pe3ym~am161,m AOCTE~H~TLI B p a ~ ~ ~ a x  ((%pH06bTJILCKOI'O 
6E03HepreTweCKOrO npoema), npoema, pa3pa6o~a~~oro B cozpymecme  c Eenopyccm 

Mex,qHapommm IIapmepaMH: C-CKOE H~~HOHWHOG na6opa~op~e%, maT 
K~IIE@O~HEIR, CLUA, KoMnamxeE Wheelabrator Environmental Systems, CLUA; HHCTETYTOM 
3 ~ e p r e n w e c ~ ~ x  npo6ne~,  Eenapycb; oprammweii ELSAMPROJECT, Aamm; 

JIecHoro xo3ziicma E JIaqmatpTa, ~ a ~ m .  

BeaOMCTBOM 110 OXpaHe OKPJ'XarOII&% CPemI, KaK COBMeCTHO% pa60m1 M e w  0TAeJn;HbIME 

H~~HOH~JBEE,IME fla60pa~opmME PECO, ~aHEX, E AaTCJSEM UCCJIeAOBaTeJIhCKEM &C~TJ 'TOM 
' 
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Design of Commercial Cogeneration Stations Suitable 
for Radionuclide Contaminated Fuels 

Helle Junker, ELSAMPROJEKT 

Partners in: "Chernobyl Bioenergy Project": 

ELSAMPROJEKT,'Denmark 
RisrJ National Laboratory, Denmark 

Institute of Power Engineering Problems, Belarus 
Sandia National Laboratories, California, USA 
Wheelabrator Environmental Systems Inc., USA 

Danish Forest and Landscape Research Institute, Denmark 

Chernoby l  Bioenergy P r o j e c t  

Conceptual design for the site for the demonstration plant: 
'Svetlogorsk Cogeneration Power Plant 

History: 

. 
initially a coal/peat fueled energy facility. 
Renovated In the beginning of  60ths and a number of gas- 
fired boilers were installed for the first time in Belarus 
Today: nine steam generating boilers coupled with six 
turbines 

. 

Design of Commercial Cogeneration Stations Suitable for Radionuclide Contaminated Fuels 
Helle Junker, ELSWROJEKT 
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Chernobyl Bioenergy Project 

Design Criteria for Demonstration Plant: 

- Boiler type: Grate fired boiler, Membrane wall technology 
- Boiler size: 100 t/hr s team production (-23 MW,) 
- Superheating of steam: 98 bar, 540 "C 
- Fuel consumption: 9.1 kg/s (33 't/h 0 109 m3/hr) 

Design of Commercial Cogeneration Stations Suitable for Radionuclide Contaminated Fuels 
Helle Junker, ELSAMPROJEKT 
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Svetlogorsk Cogeneration Power Plant - Site for Demonstration Plant 

Design of Commercial Cogeneration Stations Smtabie for Radionuclide Contaminated Fuels 
Helle Junker, ELSAMPROJEKT 
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Svetlogorsk Cogeneration Power Plant 
Site for Demonstration Plant 

Design of Commercial Cogeneration Stations Suitable for Radionuclide Contaminated Fuels 
Helle Junker, ELSAMPROJEKT 
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108 t/h Biomass-Fired Boiler for the Generation 
of Combined Heating and Power 

at Ena Kraft, Sweden 

Design of Commercial Cogeneration Stations Suitable for Radionuclide Contaminated Fuels 
Helle Junker, ELSAMPROEKT 
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BWE Multi-fuel Boiler with Water-cooled Vibration Grate 

Compact boiler design 

Good load adjustability 

Possibility for firing supporting %el 

Design of Commercial Cogeneration Stations Suitable for Radionuclide Contaminated Fuels 
Helle Junker, ELSMROEKT 
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Chernoby1,Bioenergy Project 

Differences to account for in plant design: . 

Filter system - Baghouse 

Disposal of ash 

Feeding system (Burning dufflforest litter) 

Removal of bottom ash and fly ash 

for 72 MWt boiler. 

n 

.. D e  
0 - 100% Wood chips feeding. 
0 - ?  Duff fecding - Boiler dependent. 

Design of Commercial Cogeneration Stations Suitable for Radionuclide Contaminated Fuels 
Helle Junker, ELSAh4PROJEKT 
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RechitzaDrev Joint Stock Sawmill - Site for pilot plant 

Design of Commercial Cogeneration Stations Suitable for Radionuclide Contaminated Fuels 
Helle Junker, ELSAMPROJEKT 
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RechitzaDrev Joint Stock Sawmill - Site for pilot plant 

Design of Commercial Cogeneration Stations Suitable for RadionucIide Contaminated Fuels 
Helle Junker, EiLSAMPROJEKT 
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RechitzaDrev Joint Stock Sawmill - Site for pilot plant 

Design of Commercial Cogeneration Stations Suitable for Radionuclide Contaminated Fuels 
Helle Junker, ELSAMPROJEKT 
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Fractional Efficiency of Dust Collection EquiDment. 

I I 

0.01 0.1 1.0 5 

Particle Diometer -Micrometers . 
I From Vondwgriltl 

Filter Bag 

Ash 

Design of Commercial Cogeneration Stations Suitable for RadionuclideContaminated Fuels 
Helle Junker, ELSAMPROJEKT 
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COLLECTION OF BOTTOM ASH 

BOILER BOITOM 

CHAIN SCRAPER 
WATER - BATH 

HOPPER 

BAG 

- .  
DISPOSB 

Design of Commercial Cogeneration Stations Suitable for Radionuclide Contaminated Fuels 
Helle Judcer, ELSAMPROJEKT 
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COLLECTION OF FLY ASH 

I 
__t 

1- 301LER 

BAG FILTER 

7 . 0  
FAN + STACK 

WATER TO 
PREVENT DUSTING 

I 
NORM CONVEYOR 

- 
DISPOSAL 

CONtEPNPLDESlGN 6 ELSAMPROJEKTNS 
JKW 1601.98 L V ? d \ u l . W ~ ~ ~ 4 1 ~  

Design of Commercial Cogeneration +&ions Suitable for Radionuclide Contaminated Fuels 
Helle Jw&~ EC-SAMPROJEKT 
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Proposal Outline for Demonstration Pilot Project for the Collectioq Combustion and Disposal 
of Contaminated Biomass in 'the Chornobyl Ewlusion Zone 

' Gerald Elliott 
Haywood Anderson 
International Applied Engineering, Atlanta, Georgia 

ABSTRACT 

This discussion will present the present proposed design of a biomass energy system that may 
safely store, convey, combust, and collect the ash of a mixed (woody and grassy) biomass &el at 
the Chornobyl nuclear plant site. The presentation will present the design recommendations 
required to minimize the carryover of the ash particulate into the flue gas stream and the steps 
taken to maximize the efficiency of capture for encapsulation and disposal. The discussion will 
also address the potential for control of fouling and slagging of high alkali biomass materials 
such as grasses and other new growth. Finally, the presentation will address the potential for cost 
mitigation and future commercial operations of the pilot plant and lafger installations to be built 
using the data derived fiom the design, construction, and operation of the pilot plant. 
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MATEPuATIbI ~PHOSbLnolCKO~O CEMHHAPA IIO BOCCTAHOBIIEHHIO l P Z I  IIOMOlqIl PACMTEJEHOCXM ZI I L P E O E P A 3 O B m  
EIiOMACCbI B 3 H E P m  

N3nowenue npednazamozo onb~mn0-3~cnep~enmanb~ozo npoewna no c6opy, 
* C3fCUZaHUtO U 3cuCOpOH~HU?O 3tUPlUHeHHO6 6UOMaCCbt 6 %?pHO6bUlbCKO6 sone OmUYXdeHluI 

mepanm ~IIJIEOTT 

KOMII~FJIDI lnternational Applied Engineering, ATJI~HTZ~, IIIT~T &COPAXJX!I 
XeiiByn mepcoH 
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PROPOSAL OUTLINE 

FOR 

DEMONSTRATION 
PILOT PROJECT 

FOR THE 

COLLECTION, COMBUSTION AND DISPOSAL OF 
CONTAMINATED BIOMASS 

IN THE 

CHORNOBYL EXCLUSION ZONE 

PREPARED BY: 

INTERNATIONAL APPLIED ENGINEERING, INC. 
21 60 Klngston Court, Suite E 

Marletta, Georgia 30067-8951, USA 
Tel. (770) 955-8284 Fax. (770) 955-8194 . 

IN COOPERATION WITH 

ECOTRADE, INC. 
220 S. Kenwood St., Sulte 305 

Glendale, California 91205-1 671, USA 
Tel: (818) 240-4500 Fax: (818) 240-4501 

FEBRUARY 1998 

OUTLINE 

A. EXECUTIVE SUMMARY 

B. OBJECTIVE 

C. BACKGROUND 

D. PHASE I - CONCEPTUAL DESIGN OF PILOT PROJECT 

1. Establlsh Program Coordination Committee 

1 .la 
1.2. Coordination to  single body 

1.2.1. NIS Institutes 
1.2.2. U.S. Natlonal Labs 
1.2.3. .Private sector 
1.2.4. Local stakeholders 

Comprised of ail contributing organizations 

'2. Locate the Pilot Project 

2.1. Establish selection crlterla 
2.2. 

2.2.1. Geographic and economic informatlon 
. 2.2.2. Utllltles avaliable - power, water, alternate fuel supply, health 

physlcs, fire protectlon, security, transportation, etc. 
2.2.3. Trained personnel available - operations, rnalntenance, health 

physics, fire protection, safety, etc. 
2.2.4, Pilot plant support - maintenance shop, health physics program 

and controls, health physics laboratory, etc. 
2.2,s. Consumer of the energy generated 

Select a flnal lociition for the pilot project 

Evaluate the specific candidate site against the seiectlon crite A 

2.3. 

I 



3. Select Optlmum Technology Options 

3.1. 

3.2. 

3.3. 
3.4. 
3.5. 

3.6. 
3.7. 
3.8. 

Determlne and quallfy available proven commerclal technologies 
3.1 .I. Material processing and handllng technologles 
3.1.2. Long and short term storage technologies 
3.1.3. Energy conversion technologles 
3.1.4. Poliutlon control technologies 
3.1.5. Guarantee and Warrantee provisions 

Radiation protection and control technologies 
N O T E  (see next level of detail - Attachment A) 
Determlne the potential for local supply and fabrication 
lnvestlgate the potential and requlrements for technology transfer 
Establish the optlons, verification and replication' for'commercial scale 
facilities 

3.5.1. Base system deslgn 
3.5.2. Verlficetlon optlons 
3.5.3. Replication optlons 
3.5.4. Guarentees and Warrantees 

Optlmlte the pllot plant equlpment size and value relationships 
Specify minimum performance crlterla 
Establish recommended test program 

4. Determine Pllot Plant Cost Estlmates and Demonstratlon Project Budget 
Requlrernents 

4.1, 

4.2. Radiological cost considerations 

4.3. Project Management 
4.4. Englneerlng 
4.5. Design 
4.6. Procurement 
4.7. Construction 
4.8. Startup 
4.9. Operation & Maintenance 
4.10. Data Collection and Veriflca..Jn 

Equipment selection, sizing, and cost 
NOTE: (see next level of detail - Attachment El. 

NOTE: (see next level of detail - Attachment B). 

5. Rlsk Deterrntnadon 

5.1. Commercial 
5.2. Technical 

6. Phase I - Report 

6.1. Evaluatlon of Pilot Plant 
6.2. 

6.3. 
6.4. 

Present conciuslons o n  final crlterla for the pllot project and 
demonstration program. 
Conclusions derlved from Phase I 
Recommendations and modifications of Phase It and 111. 

7. Declslon to Deslgn Pllot Plant and Proceed wlth Demonstratlon Program 

E. PHASE II - OPTIMIZATION OF PILOT PROJECT A N D  DEMONSTRATION 
PROGRAM 

Select Demonstratlon / Project lmplementatlon Team 1. 

1 .I Project Management 
1.2 Quality Assurance 
1.3 Detail Englneerlng and Design 
I .4 Procurenlent 
1.5 ConstructJon 
1.6 Startup 
1.7 Operation & Maintenance 

3. Define Scope of Work and Schedule for Phase 111 

4. Design Pilot Plant 

6. Create Blll of Materiels & Speciflcaffons 

6. Vendor Evaluatlon and Major Equipment Selection 

7. Rlsk Determlnatlon 

7.1 Commerctel 
7.2 Technical 
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The Fuel Elements-Alternative Environmentally Friendly Sources of Energy 
Vladislav Sagalovich 
National Academy of Sciences of Ukraine 

ABSTRACT 

Alternative sources of energy have not had enough visibility. The presentation placed emphasis on 
fuel cells, especially advanced fuel cells. Also presented a discussion of the ZrOZ-basea fuel cell 
concept, as well as some advanced concepts to suggest that a theoretical efficiency of about 85% 
could be obtained if fuel cells were combined with heating. Ukraine has a strong R&D potential for 
fuel cell research and substantial zirconium resources. 

357 





MATEPElkTIbI %PHOPbUIbCKOrO CEMI.IHAPA IIO BOCCTAHOBJIEFIMKJ IIPH IIOMOIQH PA-HOCXH H IIPEOEPA30BAHIIIO 
FEiOMACCbI B 3 H E P m  

359 





, PROCEEDINGS OF THE CHORNOBYL PHYTOREMEDIATION AND BIOMASS ENERGY CONVERSION WORKSHOP 

Process Complex for Reprocessing and Repository of Radioactive Wasfe 6Wector’9 
Sergei G. Pichqin 
Technocentre, Ukraine 

ABSTRACT 

The “Vector” facility is intended for decontamination, transport, reprocessing, and final 
disposition of radwastes fiom territories contaminated as a result of the accident at the Chornobyl 
NPP in 1986. This facility was established because of the need to transform radwastes arising as 
a result of the accident, radwastes f?om Unit 4 of the Chornobyl NPP, and wastes that might be 
formed while the Chornobyl NPP is being decommissioned into an ecologically safe, controlled 
state. 

Basic characteristics of the Vector production facility are provided. It is demonstrated that the 
Vector facility may be used also within the framework of the Ukraine/U.S. project for 
reclamation and final disposition of wastes of the fuel-energy cycle (salts). In turn, the fuel- 
energy cycle may be used, in particular, for supplying heat and energy to the Vector facility. 
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SZXOMACCbIBBEEP~ 

i 

Ko.wnneKc manonozu~ecrcoC obpabom~u &eKmop)> dm nepepabom~u u xpanenm 
paduoa~msnau: omxodos 

Cepreii r. ~ E ~ ~ Y P ~ I H  
Temoqemp, YKpama 

KomltneKc mextronoaavecKoii 06pa60m~u (Bemop)> .dm nepepa6om~u u xpanenus paduoamusn~u: 
O ~ d O O S  
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Volume Reduction and Thermoplasiic Encapsulation of Chornobyl Contaminated Ash from 
the Republic of Belarus 

Paul Kalb 
Brookhaven National Laboratory, Brookhaven, New York 

A.J. Grebenkov 
Institute of Power Engineering Problems, Belarus 

ABSTRACT 

The Chornobyl nuclear accident resulted in widespread radiological contamination in the former 
Soviet Republic of Belarus. About 20% of the forest area has been affected, leaving a significant 
and lasting impact on the major source of residential heat and cooking fuel for many rural 
residents. Despite efforts by the Belarus government to control exposure to contamination fiom 
the Chornobyl accident, the burning of contaminated wood for cooking and heating in rural 
Belarus is commonplace. Burning of wood with even relatively low levels of radioactivity 
results in the concentration of contaminants in the hearth ash by factors as high as 70 times and 
generates large volumes of ash that must be treated as low-level radioactive waste ( 137Cs 
levels 2 9.6 kBqkg). Uncontrolled disposal of up to an estimated 20,000 tons/yr of 
contaminated ash can lead to increased radiologic exposures due to direct inhalation and 
ingestion and'indirect pathways such as contaminated gardens and drinking water supplies. 
More than 100,000 tons of ash with an activity up to 50 kBq/kg and higher have already been 
accumulated and dispersed since 1986. The safe collection, treatment, and disposal of 
contaminated hearth ash is therefore a serious health issue in Belarus. The planned conversion of 
contaminated biomass for power and heat production will greatly increase the generation of 
radioactive ash requiring treatment. 

In a program sponsored by the U.S. Department of Energy Initiatives for Proliferation Prevention 
(DOE IPP), Brookhaven National'Laboratory (BNL) is collaborating with the Institute of Power 
Engineering Problems (IPEP)/Academy of Science in Minsk to evaluate the feasibility of 
reducing the volume of radioactively contaminated ash and the use of thermoplastic 
encapsulation technologies to stabilize contaminated ash. PEP evaluated the magnitude of the 
problem by assessing the activity levels and distribution of contaminated wood, provided ash 
characterization data, collected representative samples for shipment to BNL, explored volume 
reduction options,'and investigated the feasibility of implementing ash-encapsulation 
technologies in Belarus. BNL conducted bench-scale feasibility and performance testing using 
two thermoplastic encapsulation technologies, s d k r  polymer cement and low-density 
polyethylene, and conducted preliminary scale-up feasibility testing. 

Acid washing of incinerator ash operated under optimal conditions can remove about 75% of the 
radioactive contamination. However, this technique results in a highly acidic secondary waste 
stream with higher levels of radioactivity and requires further treatment, e.g., neutralization and 
stabilization/solidcation. A life cycle cost evaluation that considers all operations, including 
collection, handling, processing, transportation, and disposal, is required to determine whether 
treatment to reduce the volume of ash before disposal is cost-effective. 
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Actual radioactive-contaminated hearth ash was collected fiom the contaminated zone in Belarus 
by PEP. Following characterization, the ash was shipped to BNL for bench-scale treatability 
and waste-form performance evaluation testing using the sulfur polymer encapsulation process. 
Belarus hearth ash was successfully encapsulated at waste loadings of 40 and 50 wt% without 
reaching maximum processing limits. A pilot-scale feasibility test in conjunction &th Scientific 
Ecology Group was successfully completed to establish process viability. Similiirly, biomass 
conversion ash was encapsulated at waste loadings up to 70 wt% in low-density polyethylene, 
using a kinetic mixing process. Preliminary scale-up testing demonstrated that using a 
production-scale mixer established the initial feasibility of the process, confirmed the successful 
use of recycled polymer resins, and demonstrated the potential for the production of useful by- 
products that may result fiom applying this technology. 

Technology and materials currently exist in Belarus for thermoplastic encapsulation of ash 
wastes. Specific legal standards for treatment and disposal of Chornobyl wastes are changing, 
but are not expected to provide obstacles for possible implementation of these technologies. 
BNL and P E P  have established private-sector interest in pursuing commercialization of 
thermoplastic encapsulation of contaminated ash in Belarus. An IPP Thrust 11 proposal to 
demonstrate commercial viability is being prepared. 

, 
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Volume Reduction and 
Thermoplastic Encapsulation of 
Chornobyl Contaminated Ash 
From the Republic of Belarus 

Paul D. Kalb 

Chornobyl Phytoremediation and 
Biomass. Energy Conversion Workshop 

February 23-25,1998 

Environmental & Waste Technology Center 
Brookhaven National Laboratory 

Project Description 

Sponsored through DOE initiatives for 
Proliferation Prevention (IPP) as a 
Thrust 1 Activity 

- Collaboration between: 
Brookhaven National Laboratory 

- Institute of Power Engineering 
(US) 

Problems (Belarus) 

- 0 bjective: Investigate thermoplastic 
processes for treatment of ash products 
generated as a result of burning 
contaminated biomass in Belarus 

&%a"& 
3 b n l %  5 (1111 9 
+ i  $P 
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Background 
Chornobyl fallout resulted in 20,000 km2 
with activity levels 
> 5 Ci/km2; 20% of Belarus forested 
area; >3,000 towns and villages located 
within contaminated zone 

Contaminated wood is still used 
routinely for domestic heat and cooking 
fuel: - 6.5 tonlhouseholdlyr consumed for 

heat - 1.5 ton/household/yr consumed for 
cooking - 550,000 tonlyr total consumption in 
contaminated zone 

> 180,000 tons of contaminated hearth 
ash accumulated since 1986 

Radioactivity is concentrated in ash by a 
factor of up to 70X 

Ash Collection/Characterization 

Actual ash samples collected from 180 
households, 22 settlements in 
contaminated zone within Gomel and 
Mogilev Provinces 

Four drums (total of 356 kg) of 
contaminated hearth ash shipped to 
U.S. for treatability studies 

Cs-I 37 specific activity of hearth ash: - 72% Low Level Radioactive Waste 
(>9.6 kBq/kg) 
28% Conventional Radioactive 
Waste (0.96-9.6 kBq/kg) 

Both actual hearth ash and surrogate 
biomass conversion ash used for BNL 
treatability studies 

Volume Reduction and Thermoplastic Encapsulation of Chornobyl Contaminated Ash from the Republic of Belarus 
Paul D. Kalb 
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Sampling Locations for Contaminated Hearth Ash 

- .  RUSSIA 

’9 LuQko Ch(moby1 NPP and 30-km Zone 
I 

- 1150 tonsiyr 
I 
! 

200 tonsiyr 1 I 

7.2% * 

t 

1.3% ’ 7. \ 
t 

50 tonslvr *i ‘, 
‘\ i 

I -__-”--”-_ 

Activity, kBqlkg 
m10 -30 -5-10 W30 - 60 H60-100 ~ ~ 1 0 0  1 - 
i 
I--- 

. ,  
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Ash Decontamination by Acid 
Washing 

IPEP conducted study on feasibility of 
acid washing to reduce contaminated 
ash volume 

. Several leaching solutions used (H20, 
KCI, HN03, H2S04, HCI; and HF) 

Solution strength, temperature and 
leaching time varied . 

Stronger acids more effective in 
removing Cs-137, but none were able to 
completely decontaminate ash to non- &%a*&? 

z3 I1nl Er radioactive levels 8. CIUI 9 

Polyethylene 
Microencapsulation of Ash 

Compared with conventional cement 
grout, polyethylene is inert, durable, 
allows high waste loadings, and has 
superior performance (e.g., leaching) 

Recycled waste plastics can be 
substituted for virgin feed stock to lower 
cost, reduce municipal waste burden 

Polyethylene can be processed by: - 
- 

extrusion: thermal and frictional heat 
to melt plastic 
kinetic mixing: frictional heat only 

Kinetic mixing used for this study 

5 c1u1 
$9 &- 
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Kinetic Mixing I 

- Bench-scale feasibility established with 
biomass conversion ash loadings up to 
70 wt% (higher loadings possible with 
parameter optimization) 

Average batch process time: 
28.6 sec for 50 wt% ash 
32.8 sec for 70 wt% ash 

- 
. 

Scale-up feasibility confirmed by 
processing 34kg ash using a 40 liter. 
kinetic mixer (1 800 kglhr) 

Useful secondary products (pallets) 
produced from mixture of 25% biomass 
conversion ash and 75% recycled plastic 

I Kinetic Mixer Installed at BNL 

Volume Reduction and Thermoplastic Encapsulation of Chornobyl Contaminated Ash from the Republic of Belarus 
Paul D. Kalb 
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Plastic Pallet Produced from Biomass Conversion Ash 
and Recycled lPoly@thyl@ne 

$f$@*". 
f bn& 
% $ip a111 

Su If u r Polymer 
Microencapsulation of Ash 

- Sulfur polymer cement (SPC), inorganic 
thermoplastic developed by US. Bureau 
of Mines to utilize by-product sulfur . 

- 95 wt% elemental sulfur; 5 wt% organic 
modifier 

. Adapted by BNL for the treatment of 
radioactive, hazardous, and mixed 
wastes 

- Low viscosity thermoplastic; easily 
processed in simple heated mixer 

- .  
Volume Reduction and Thermoplastic Encapsulation of Chornobyl Contaminated Ash from the Republic of Belarus 
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SPC Processing 

Bench-scale processing (500 - 1500 g 
per batch) processed in I liter mixing 
vessel 

Process temperatures 125 - 135OC 

Formulations successfully prepared 
containing 40 and 50 wt% actual 
Belarus hearth ash 

Scale-up feasibility confirmed in 
conjunction with Scientific Ecology 
Group (currently GTS Duratek) using a 
1325 liter mixing vessel - >300 kg ash processed with SPC 
- 39wt% hearth ash loading 

Bench-scale Heated Mixer for Processing SPC 

Volnme Reduction and Thermoplastic Encapsulation of Chomobyl Contaminated Ash from the Republic of Belarus 
Paul D. Kalb 
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Waste Form Performance 
Testing 

I40 wt% hearth ash/ 60 wt% SPC 
I50 wt% hearth ash/50 wt%SPC 
I50 wt% biomass ashlPolyethylene 
I70 wt% biomass ashlPolyethylene 

Leaching of SPC waste forms 
conducted using Accelerated Leach 
Test (ASTM C1308) 

44.3 MPa 
33.9 MPa 
25.9 MPa 
23.0 MPa 

3 4 bnl zs’ 
c1111 e 

Cs-I37 below MDL in leachates, 
indicating 0.79% leached 

% $.$p Implementation Feasibility 
- IPEP conducted investigation of 

implementation feasibility including. 
regulatory issues, availability of 
materials and market potential 

Chornobyl LLW to be regulated 
under new legislation before Council 
of Ministers . 

Belarus has ample supplies of 
domestic thermoplastic polymers 

Secondary products can ‘be 
produced for construction if Cs-I 37 

Volume Reduction and Thermoplastic Encapsulation of Chornobyl Contaminated Ash from the Republic of Belarus 
Paul D. Kalb 
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Summary and Conclusions 

Thermoplastic polymers can b e  used to 
successfully encapsulate Chornobyl 
contaminated hearth ash and  biomass 
conversion ash' 

Ash waste  loadings of 70 wt% for 
polyethylene and 50 wt% for SPC have 
been  achieved, but process optimization 
may lead to better efficiencies 

Final waste  form properties exceed US 
standards for LLW disposal and should 
easily meet  Belarus standards being 
developed 

Scale-up feasibility has  been 
established 

Volume Reduction and Thermoplastic Encapsulation of Chornobyl Contaminated Ash from the Republic of Belarus 
Paul D. Kalb 
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[i ~ I O ~ ~ ~ . W A ~ M A N A G E M E N T , E ~ O ~ ~ A N D  WORKERHEALTH - 1 
Fate of Cs and Sr in Commercial Biomass Combmtion System 

Larry Baxter 
Sandia National Laboratory, Livemore, California 

ABSTRACT 

About 30% of the land in Belarus is contaminated. This aec t s  the economical situation of the 
whole country. A decontamination and economical growth of this part of the country will have 
an @pact on the economy of the whole country. This investigation into harvesting and fuel 
preparation is designed to describe 1) methods for harvesting the standing biomass and forest 
floor, 2) replanting methods and principles after the harvest, and 3) ways to maintain the 
biodiversity of the forests. A report will be provided to describe the above-mentioned items. 

The scope ofthe project is two-fold clean up of the radionuclides in the forests A d  power 
production on the basis of domestic fuels. As additional benefits, which will give an impetus to 
the economy of Belarus, the project will improve employment in the region, it will be a vehicle 
for improving the infrastructure (roads, logistics in the forest harvesting, improved forest health), 
and it will encourage valorisation of the forest products in the contaminated region. 

Parts of the forests can be heavily thinned. The humus layer will be removed, and the land will 
left for d e  next 30 years for d e  radioactiviv to subside by natural causes. These are typically 
young stands without defece fi-om other causes like storm, snow or insect damage. Other parts 
should be clear cut, the humus layer should be removed, and the forests should replanted. In all 
cases, the remediation work should be carried out in relatively small blocks in a checkerboard 
fashion to allow biodiversity to re-establish from the untouched forests around the remedied 
areas. 

A relatively large power plant requires a continuous fuel supply. Most of the equipment for 
harvesting the wood exists today and very little development work is needed. However, the 
equipment needed to remove the humus layer is only in the prototype stage at best. Considerable 
efforts must be invested to develop the machinery for this operation, both for use in the thinning 
stands and for use on the clear cut. Also, the infrastructure (roads, transport facilities, etc.) must 
be available, and the logistics for moving such large amounts of humus and wood must be in 
order. A training and education program may be needed to build up d e  whole logistic chain of 
supplying wood for energy to the power plant. 

A careful method of blocks and strips should be devised to mhtain most of the biodiversity in 
the remediated areas. If these blocks are surrounded on all sides by older forest, plants, animals, 
insects, and whatever will be able to colonise the area where the humus layer has been removed. 
Various problems need to be worked out for this to work satisfactorily. 

. 

Fireside Cs and Sr behaviour are being studied to 1) determine how radioisotopes are partitioned 
in various ash streams and how they are impacted by operational and design parameters, 2) 
evaluate means of maximising the fraction of radionuclide retained in the ash, 3) determine the 
size distribution and other important characteristics of the radionuclide-bearing ash particles. 
Pilot- and commercial-scale data detailing the likely amounts and properties of radionuclides in 
the various ash streams fiom the combustor will be provided. . 
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Commercial-scale testing is complete using stable isotopes of Cs and Sr as surrogates for 
radionuclides. Many pilot-scale tests with non-contaminated or mildly contaminated fuels have 
been completed to determine the amount and size distribution of the radionuclide-bearing ash 
particles. We believe a system designed to optimise particulate collection will remove 
radionuclides sufficiently. Commercially available filters capable of high collection efficiencies 
are available in the West, and a source of material reported to have similar collection efficiency 
has been located in Russia. 

The primary concern is that radionuclide-containing compounds will be. contained in submicron 
condensate aerosols. People can inhale these aerosols, which are difficult to collect in 
conventional particle cleanup systems. Commercially available devices are available that will 
remove this fine aerosol with high efficiency, but the combustor being designed for this 

. application is intended to prevent these vapors fiom forming, making the particle cleanup system 
a secondary protection. Commercial tests for this system were conducted in a 20 M W e  furnace 
that was part of Wheelabrator’s 50 M W e  biomass power station in Anderson, California, in the 
United States. The tests were hosted by Wheelabrator, supervised by Sandia, and witnessed by 
Belarusian scientists and engineers among others. Overall particle-collection efficiencies were 
determined to be above 99.9% for both Cs and Sr. 

Most of the work in the United States is now complete in this area. Facilities are being designed 
for commercial- and pilot-scale investigations with contaminated fuels in the FSU. These 
investigations will be similar to those conducted in the United States, but will be under more 
realistic conditions. They are scheduled to be completed this summer. 

The design of the boiler and power plant systems is being investigated to 1) determine the best 
conceptual design for a power plant system using contanhated biomass as a fuel, 2) design 
pilot-scale and commercial-scale systems appropriate for construction and operation in the FSU 
based on this conceptual design, and 3) determine the availability of critical components and 
materials for long-term operation of such systems. Conceptual and preliminary engineering 
designs of commercial systems and detailed designs of pilot systems for use in this project will 
be provided. 

It was decided to use well proven and reliable commercially available components to the widest 
possible extent in designing power plants for combustion of radioactive contaminated wood and 
forest litter. The design will focus on producing the most robust, forgiving system consistent 
with the best design practices. The siting of both the demonstration plant and future commercial 
plants is still an issue to be dealt with in the project, but it has been recommended to construct a 
Cogeneration Power Plant at Svetlogorsk. The boiler’design is a 100 t/h (-23 MW,) grate-fired 
boiler using membrane wall technology for the combustion chamber. The boiler type chosen is a 
proven Sind robust technology that can be.manufactured and operated in FSU. 

On the basis of the analyses of the plant design for power production from radioactive- . 
contaminated wood and forest litter, it can be concluded that if the plant is designed carefully, we 
should be able to address all the hazards for combustion of radioactive-contaminated fuels. The 
preliminary conceptual commercial design is completed for the suggested siting at the 
Svetlogorsk Cogeneration Power Plant. Preliminary engineering designs are underway. 
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. Testings at a filter pilot plant and a combustion power plant are planned, and the plants are being 
designed. Planning calls for having test results very soon. The filter pilot plant will be a 
portable system intended to measure filter performance. Testings in the filter pilot plant are 
expected to take place at the RechitzaDrev Joint Stock Sawmill. The combustion pilot plant is 
being built to perform dedicated testings to optimise the combustion conditions for low 
vaporisation of Cs from the bottom ash. The pilot plant is expected to be built at PEP  in Sosny, 
Belarus. 

. ' 

The ash disposal investigation will develop.acceptable means for disposing of radionuclide- 
contaminated ash generated f?om the combustion of Chornobyl-contaminated biomass. The ash 
disposal system is to meet all applicable rules and regulations and be simple and inexpensive to 
operate. The design of the. ash disposal sites will follow the IAEA principles for intervention. 

The most practical solution would be to place the disposal site next to the power plant k this 
would result in the least transport costs and facilitate supervision of the disposal site. A way of 
disposing of the waste generated would be to first 1oad.the ash into big bags made of 
polypropylene, capable of holding 1.7 m3. The bags would then be taken by truck to the nezirby 
disposal site. The big bags would be placed on top of the clay and covered by a protective 
plastic liner. The liner could be a low-density polyethylene (LDPE) membrane, 1 mm thick. This 
plastic sheet would greatly limit the downward migration of any waste substances, as it protects 
against rainwater. 

The project collaborates with authorities in Bel& on the approval of disposal type. Future 
activities on ash disposal will include testing the leaching of Cs and Sr from the ash generated 
when burning radionuclide contaminated wood and forest litter. 

The economic and systems investigations are 1) investigating the role that biomass energy . 
production may play in the national and regional energy structures and 2) determining the 
economics of various thermal energy systems. Projected costs and rates of return for various 
energy systems and analyses of the impact of such systems on the overall energy structure will 
be provided. 

The republic of Belarus is low in domestic energy resources and therefore has to rely to a very 
high extent on imported energy, either in the form of fossil fuels or power. Importing fuels plays 
a large role in the national budget and makes Belrus highly dependent on countries from which 
the fuels are imported, mostly Russia. Belarus will not be able to be self-sufficient with energy, 
but using wood biomass has the potential for increased usage as an indigenous energy resource. 

Concerning power production in Belarus, the expansion of capacity has been very low during . 
recent years, and many plants have exhausted their operating life or will reach it within the next 
5 to 10 years. A forecast worked out by the World Bank shows a lack of power capacity in 
Belarus starting in another 5 years $.om now. To resolve that problem, old plants can either be 
rehabilitated and their life prolonged or new power plants can be put into operation. The choice 
of strategy will depend on the economic and ecological situation in Belarus. 

L 
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Fate of Inorganics in Fuel 
Conversion Systems 

Chemobyl Bioenergy Project 
Larry Baxter 

Sandia National Laboratories 
Livermore, CA 94550 
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c4 Chlorides are Converted to Sulfates 
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Surface Analysis Supports Hypotheses 

MFC 
Sandia Natfonal Laboratodes 
Combustion Research Facility 

Fate of Inorganics in Fuel Conversion Systems 
Larry Baxter 
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Test Combustion at Sandia National Laboratories, California. 
All tests lasted one hour. Upper tubes operated at 540°C and lower tubes at 460°C. 

DeRcsits from Combustion of Wood Chips. 

Deposits from Combustion'of Straw a 

pate ofborganics in f ie1  ~onieision systems 
Larry Baxter 
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Test Combustion at Sandia National Laboratories, California. 
All tests lasted one hour. Upper tubes operated at 540°C and lower tubes at 460°C. 

Deposits from coinbustion of Steam Cod. 

Fate of Inorganics in Fuel Conversion Systems 
Lany Baxter 
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Beta Activity of Flyash 

Particulate Capture is 'Essential 

Fate of Inorganics in Fuel Conversion Systems 
Larry Baxter 
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Activity Depends on Size 
5 
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Safety Engineering Implicafions for Biomass Convemion 
Haywood Anderson 
International Applied Engineering, Marietta, GA 

ABSTRACT 

This discussion concerns identification and suggestions for resolution of safety engineering 
implications associated with contaminated biomass collection, conversion, and disposal 
activities. These implications include consideration of potential safety impacts to process 
equipment design and operation, facility personnel, and the public. The following aspects will be 
identified: regulatory criteria and limitations, process performance and efficiencies, input 
streams, output streams, waste form and disposal, protection of facility personnel and the public, 
and public, regulatory, and commercial acceptance. An initiative for developing a team approach 
to successfblly resolve these issues will be proposed. 
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Safety Engineering Implications . 

for Biomass Conversion 
Haywood Anderson 

‘International Applied Engineering 

IAE Proposal for Biomass 
Conversion Pilot Plant 

i Currently a draft proposal 

. 

experience 
I Final proposal . 

- Build a “team” approach and participatio 
- Build on proven technologies and . 

1 

Safety Engineering Implications for Biomass Conversion 
Haywood Anderson 
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Issues 

Con ta m i n at i o n-re1 ated considerations 
- Safety - Process, personnel, public 
- Acceptance 
- costs 
Identify.other issues 

Solutions 
Team effort to achieve pilot program 
and commercial application goals 

Safety Engineering Implications for Biomass Conversion 
Haywood Anderson 
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’ Objective 

a Identify information resources 
-.Those already developed or assembled 
- Prioritize development of other information 

Identify Information Resources 

a Chornobyl exclusion zone biomass 
resource assessment 
Ash rad’ioactivity collection efficiency 

I Other 
* and concentration 

Safety Engineering Implications for Biomass Conversion 
Haywood Anderson 
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Identify and .Assess Radiological 
and Safety Issues / Restraints 

I Regulations 
- Occupational, effluent - personnel, public, 

environmental 
I Potential failure modes 

Candidate siting locations 
Requirements 
- Process related, personnel protection. 

I Equipment selection, sizing, and costs. 

Regulations 
U 

I Occupational / Effluent 
- Personnel exposure 

= Background radiation levels 
4 Input streams 
4 Process stream 
= Outputs and waste streams 

form) . 

(air, water, waste 

- Waste disposal - site, transportation 
- Offsite exposure 

Safety Engineering Implications for Biomass Conversion 
Haywood Anderson 
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Potential Failure Modes 

Failure modes - effects 
- Fire 
- Ash collection process equipment 

I Bypass 
Failure 

--Untreated exhaust path 
- Requirement for specific ventilation 

controls 

Process-Related. Requirements 

Characterize input st.reams 

- Input stream handling . 

concentration factors 

treatment, and disposal 

-Wood, duff 

1 Identify process stream collection and 

Identify output stream waste form, 

I “Other” wastes 

. 

Safety Engineering Implications for Biomass Conversion 
Haywood Anderson 
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Process-Related Requirements 
Instrumentation and alarms 
Operating practices 
Access 
- Operations 
- Maintenance 

I Dual train capability 
- Ash collection, handling, waste form 

processing 

Personnel Protection 
Requirements 

Personnel Protection Program 
- Surveys and equipment 
- Installed instrumentation 
- Personnel dosimetry -.records 
- Exposure and access control 

I Radiation and contamination control.areas 
Shielding / “hot spots” 

. rn Methods and efficiencies (breathing apparatus, 
filters, clothing) 

Safety Engineering Implications for Biomass Conversion 
Haywood Anderson 
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Results 

Pilot plant 
... A successful TEAM solution to move 

' forward aggressively and successfully . . 
w Commercial scale plant 

Safety Engineering Implications for Biomass Conversion 
Haywood Anderson 
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Environmental Health and S a f e  Considerations Related to Biomass Enmgy Conversion 
Clay Easterly 
Oak Ridge National Laboratory, Oak Ridge, Tennessee 

ABSTRACT 

Protection of workers and members of the public during phytoremediation and biomass energy 
conversion at, the Chornobyl site will be afEorded by currently in-force regulations and practices 
in addition to procedures and methods that will be developed during the planning and early 
implementation phases of this program. This program offers opportunities for Oak Ridge 
National Laboratory (ORNL) scientists to collaborate with their colleagues in a variety of risk- 
characterization and risk-minimization activities. 

Starting with the general concept of environmental pathways analysis, human exposures to 
radionuclides may be considered to be in the near-term (within a few years) or long-term (within 
decades). The analysis must consider both the potential new exposures associated with Biomass 
and Energy produktion and the reduction in potential exposuies associated with forest fires in the 
previous condition of unmanaged forests. Forest management associated with the proposed 
program may also offer increased retention of radioactive materials within the CEZ, thereby 
reducing the fiture impacts to people living downstream of the watershed. Thus, different 
population groups will have different potential new exposures and different reductions in 
potential exposures according to the specific locations and types of the sources and the receptors. 

In terms of the actual dose calculations, it is customary within the United States to make a chain 
of very conservative assumptions with a new link at each point where data are needed. This 
process ensures that no one will receive an exposure as high as is calculated, but it also does not 
give the analyst a true picture of the actual human risk since the resulting calculations can be 
orders of magnitude higher than actual. It is recommended that distributions of data be used for 
each input point and that these distributions represent actual variables at the locations of interest. 
Specificity and accuracy in the calculations should go as far as reasonable, including exposure- 
to-dose differences in infants, children, and adolescents, as compared with adults. Only when all 
dose calculations are made with reasonable accuracy can there be true risk-benefit valuations and 
reasonable risk-trading decisions. 

Decontamination of the CEZ will be a lengthy process, and we must continue to improve our risk 
calculation methods. Improvements in our understanding of these issues could have important . 
effects on approved land uses. For example, ORNL is working on a new approach to estimate the 
relative biological effectiveness factors WE) as a function of dose and dose rate. Because RBE 
is directly related to the conversion of exposure to risk, continued study of this factor for doses 
and dose rates obtained in and around the CEZ is important. Other areas of ongoing study 
include the development of a cancer model for combining effects of radiation exposure and the 
effects of chemical exposures, and the development of an approach that could use modem 
molecular biological assays to assist in the. extrapolation of risk to regions of low dose and dose 
rate. As improvements in calculations of dose and risk occur, any changes could have direct 
impact on the approved land uses. 

415 





Coo6pmenu~ 6nazononyru~ OKpyxeamqeii cpedbi u be.30nacnocmu npu npeo6pa3osa~uu 
6uonzaccbi 6 snepzuro 

h i 2  I;icrepnH 
HaqHOHmbHaSr JIa6opampm OK-PHm OK-PkllvK, LIITaT TemeccH 

417 



& ' k ~ % P H O E b L n S C K O r O  CEMHHAPAIIO BOCffAHOBTIEHkW IIPEIIIOMO~PAC~EJIbHOC1UHIIPEOEPA30BAHNX) 
€Z3OMACCbIB3HEPIBW 

41 8 



PROCEEDINGS OF THE CHORNOBYL PHYTOREMEDIATIONAND BIOMAss ENERGY CONVERSION WORKSHOP 

Environmental, Health & 
Safety Considerations Related 
to Biomass Energy Conversion 

Clay E. Easterly Ph.D. 
Life Sciences Division ‘ 

Oak Ridge, National Laboratory 
Chornobyi Phytoremediation and 

Biomass Energy Conversion 
Workshop 

23-25 February, 1998 
Slavutych, Ukraine 

Mathematics 
Physics 
Industrial Hygiene 

Background of Presenter 
Last of the Atomic Energy Commission 
Health Physics .Eellows 
25 Years Experience in Similar Assessments 
Leads “Health Effects” Group with 
Specialists in: 

‘ Health Physics 
Toxicology 
Epidemiology 

Environmental, Health and Safety Considerations Related to Biomass Energy Conversion 
Clay Easterly 
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Past 1.5 Days Much Technical 
Information Presented 

Reflections 
Wealth of data 
Evidenceof 
significant effort 
Difficult for anyone 
to add significantly 
Suggest time be spent 
considering how to 
best use data 

Data Can Lead or Limit Analysis 

Assess surface and 0 

near surface 0 

concentrations of 
radionuclides 
Develop protection 
program 0 

Evaluate potential 
for bioenhanced 
cleanup 

Focus is on radiation 
Large scale biomass * 

program may result 
in agrochemical 
exposures 
Potential for energy 
conversion options to 
have influence on 
workers & public 

Environmental, Health and Safety Considerations Related to Biomass Energy Conversion 
Clay Easterlv 
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Basic Principles in Integration of 
Data 

Minimize spread of contamination 
Minimize risk (radionuclides+ chemicals) 
Contrast short-term and long-term 
Identifjr populations that may have different 

Characterize pollutant pathways to different . 

Apply reasonable exposure factors 

risk factors 

populations 

Environmental, Health and Safety Considerations Related to Biomass Energy Conversion 
Clay Easterly 
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Factors Associated With Integration 
of Information Needed to Calculate 

Risk 
cumulative (Person sv) & Agricultural Chemicals 

individual (Sv) dose 
Insecticides Present children, 

population, workers Fungicides 
Future children, Herbicides 

Fertilizer 
Technology options 

Model Parameters Energy conversion 
Waste options . Maximum (point 
Agricultural options estimate), 
Radiological vs chemical 

population, workers 

Distribution 

0 Avoided dose from forest products 
Each prospective Biomass Farm may have 
different physical factors leading to risk 
Technical options for Biomass Culture, Energy 
Conversion, & Waste Management may give 
different risks for different population goups , 

Very different decisions can be made 
depending on contrasting philosophic 
approachs to risk calculations 

Environmental, Health and Safety Considerations Related to Biomass Energy Conversion 
Clay Easterly 
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Worker Risk (on-Site) 
Biomass farming (experience and standard 
health physics/ industrial hygiene practices) 
Energy conversion 
- conventional combustion 
- gasifier 

energy conversion option 
- cost 
- concept usually chosen to meet time vs 

Waste management concept may be tied to to 

risk for public 

Experience and Strength at 
ORNL 

History of leading internal dose modeling 
for International Commission on 
Radiological Protection ' 

Developing age dependent internal dose 
models (infant, child, adolesent, adult) 
Develops internal. and external dose factors 
for United States Federal Agencies 
Maintains largest number of toxicological 
data bases 

Environmentd, Health and Safety Considerations Related to Biomass Energy Conversion 
Clay Easterly 
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Experience and Strength at 
ORNL (cont.) 

Developed new approach to estimate RBE vs 
dose and dose rate 
Developed cancer model for combining effects 
of radiation and chemical mixture exposures 
for cancer risk 
Has long-term interest and foundation to 
develop low-dose extrapolation model using 
molecular biology + traditional bioassays 
Mixture concept could be extended to other 
health impacts such as reproduction 

Collaboration Needed to Integrate 
Information and Resolve Risk Issues 

0 Blend (share) information 
-one on one 
-focused workshops 
Develop philosophic approach to risk 
calculation methods consistent with; 
-long and short-term goals of stakeholders 
-data availability 
Screening models 
Formal models 
Iterative feedback with colleagues 

Environmental, Health and Safety Considerations Related to Biomass Energy Conversion 
. Clay Easterly ' 
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Environmental, Health and Safety Considerations Related to Biomass Energy Conversion 
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Clay Easterly . 
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Health Physics and Radioecology 
Joen Roed 
Risio National Laboratories, Roskilde, Denmark 

ABSTRACT 

There are international standards governing the concern to be exercised with the handling of 
radioactive systems. These standards reflect both the cares that must be taken when levels are 
high and the limits below which stringent procedures can be relaxed. The author quoted a 
passage fiom Health Physics and Radioecology to help focus on the type of work to be carried 
out during the phytoremediation: "Intervention-the cost of intervention must be less than the 
risk and cost fkom avoided dose." This is different from normal practice. If the remediation is 
carried out under conditions. of normal practice, it may be too costly a process. 
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BOPH P03A 
HaqklroHmmIe JIa60pa~opm PHCEO, PoKcmuIe, 
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i I_ 

RADIOA~~VE_WASTERIANAGEMEW, E~ONMENTALAND WORKERHEAL~X , 1 
Evaluation of Doses from Different Contaminated Biomass Conversion Options 

A Grebenkov 
Institute of Power Engineering Problems, Belarus 

ABSTRACT 

PEP has developed a model to assess doses for different elements ofthe Chornobyl 
Bioremediation Project fiom forestry to ash treatment. The model is based on calculated 
maximum doses and actual measurements for a variety of situations including exposure to ash 
fiom home fires using brush and wood products, ash fiom chimneys, ash spread as fertilizer, and 
exposures to residents and various workers including ash management and conversion plant 
persons. It is concluded that forest workers receive the highest doses and ash management and 
conversion plant workers are next but with significantly lower doses. 
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hfATJ3PElkTIbI ~EPHOPblTIbCKOTO CEMHHAF'A If0 BOCCLWOBTIEHIZK) Wli IfOMOU@i PAClXTFAbHOC'IM li IIPEOEPA30BAHIIIO 
5EIO;MACCbI B SHEPlTiIO 

&CTHTYT 3HepreTffseCKHx npo6qe~ pa3pa60~a.n MOAeJIb JJJX OqeHKH ~ 0 3  OT ~ ~ ~ J T E F Z E E I X  
3neMeHTOB ?tep~06brnc~Oro IIpOeKTa 110 BOCCTaHOBJIeHHEO IIpH IIOMOrqH PaCTETeJIbHOCTE, OT 
neCOBOACl'Ba A0 0 6 p a 6 0 ~ ~ ~  30-1. MoneJIb OCHOBbIBaeTCX Ha PaCSeTe M~aICCHMaTlbHbM A03 H 
@aK.lcllseCKHx mMepeHHIIx ,DJH ~ O K O ~ O  ~a6opa CETylQ&& BKmo¶m 06nyseme OT 3OJB1, 
~03ma~omej i  IIPH cxcmmmi B AoMamieM xo3xiic~~e nomecKa H Apesecmm, OT 30m1~3 
~HMOXOAOB, 3om1 BHOCHMO~~ B Kaqeme y ~ 0 6 p e m ,  H 06~ry72eke npoxcmamrqero Hacenem 
H P~JIW-IHLIX ~ ~ ~ O T H H K O B .  P ~ ~ O T R H K H  BKm0951IOT B ce6x .mAe& ~ ~ H E M ~ I Q E X C X  06pa1qeme~ 
c sonoii H p a 6 0 ~ m q ~ x  H a  ~ J I ~ ~ O C T ~ H Q E . E X  IIO npeo6pa30sa~m ~EOTOIIJIEB~. c,qenaHo 
~ ~ K T I I O S ~ H H ~ ,  a o  ~m60nee mcome A O ~ M  IIOII~ZUOT  G GOTH EKE necHoro X O ~ X ~ ~ C T B ~ ,  3a HEME 
H , ~ T  pa6oTHaKHy 3 a ~ ~ ~ m ~ q a e c x  0 6 p a e m e ~  c ~ O J I O ~  H pa60mrq~e  Ha ~ n e ~ ~ p o c ~ a ~ q m x  IIO 
npeo6pmosa~~~o  GEOTOIIJJEB~, O m a K O  Hx AO3bI IIBJIIIIOTCSf 3Ha¶ETeJIbHO Gonee HH3KHMH. 
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Internationaf Cooperation projects involving iPEP 23 

EVALUATION OF DOSE§ 
FROM DIFFERENT CONTAMINATED BlOMASS 

CONVERSION OPTIONS 

Vita I y Rim kevich PEP, Belarus 
S a s h  Grebenkov IPEP, Belarus 
Jarrn Roed RE@, Denmark 
Kasper Andeassom RIS@, Denmark 
Terry, Sullivan BNL, USA 
David Brekke SMLs, USA 

Evaluation of Doses from Different Contaminated Biomass Conversion Options 
V. Timkevich, S. Grebenkov, 1. Rod, K. Anderson, T. Sullivan, D. Brekke 
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Current Situation: 
Feasibility study completed . 

i Q Reliable data on most of the aspects are obtained from the tests 
at commercial and bench scale facilities 

e Specific pilot scale facilities are being designed 
Conceptual design for power plants is being elaborated 

e Demonstration scale facilities' sites have been identified and 
characterized 

0 Ministry of Energy, 'Ministry of Forestry, Ministry of Environment, 
Ministry of Emergencies are entirely involved and supportive * 

e Local Governments are positively interested 
0 Local industries are engaged 
e Is required infrastruct.ure entirely in place? 

. e Will investment climate be attractive? 

- 

Evaluation of Doses from Different Contaminated.Biomass Conversion Options 
V. Timkevich, S. Grebenkov, J. Roe4 K. Andersson, T. Sullivan, D. Brekke 
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3 % ‘  
overview of International Cooperation Projects Involving IPEP W 

~ ~~ ~ 

World Solar Summit 
Program 

To-date results: 

IPEP: 1998-2005 

Energy Efficient Demonstration 
Zone Project 

Elaboration of strategy, norms and 
regulations, state guaranty system‘ 
Creation of industries involved in 
remediation activity and valorization WB, EBRD, local banks 
of contaminated resources I 

I I 
1 

I a‘ 
* Overview of lnternational Cooperation Projects Involving IPEP ; h J  4 

1 I 
Pilot scale study of ash 
immobilization in polymer-concrete 
Pilot scale study of thermoplastic 
encapsulation of radioactive ash 
Feasibility study and WM strategy 
Study of liquid waste treatment 
Disposal options and safety assmt 

- 

1 

Evaluation of Doses from Different Contaminated Biomass Conversion Options 
V. Timkevich, S. Grebenkov, J. Roed, K. Andersson, T. SulIivan, D. Brekke 
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I $J,, ! 
Overview of lnfernational Cooperation Projecfs Involving /PEP yb , , 

1 J 

P hytoremediation Projects 

I I ' t  I 
I I  I I 

Study of phytoextraction by crops 
Study of phytoextraction by short 

Study of phytomass yield for energy 
rotation .coppice 

I 2J 

To-date res u Its : 

Overview of lnternational Cooperation Projects Involving P E P  e@ 

Belarus G 

NREL: 1997-98 IPEP: 1995-99 

RIS0: 1997-98 

Danish EPA 

Feasibility and economical study 
Resource assessment 
Aerosol capture efficiency study 
Combustion test for litter and duff 
Dose and risk study, WM strategy 
Conceptual design of power plant 
Environment and biodiversity 

I 

Evaluation of Doses from Different Contaminated Biomass Conversion Options 
V. Timkevich, S. Grebenkov, J. Roed, K. Anderson, T. Sullivan, D. Brekke 
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Overview of International Cooperation Projects involving IPEP 

Concept of the Projects: 

..Stripping of bark and external layers of logs and their 

Valorization of contaminated wood (>0.7 Bq/g), woody waste, 

Felling debris may be chipped and scattered around place of 

Reforestation or short rotation technology after 

Phytoremediation of abounded land and valorization of 

valorization as a biofuel 

litter and duff (4-6 cm thick) as a biofuel 

felling to restore organic layer 

decontamination 

phytomass obtained 

I 
@ ., 

Overview of International Cooperation projects involving PEP ?@ 

Remediation Pathways: 

'x Burdensome total decontamination 
a 

Dose reduction at once 

Operation with coritamjnated resources under ecologically 
sound and economically incentive conditions 

6 
Clean economic values Consequent dose reduction 

-0 
Financing for cost effective remediation 

~ 

I 

Evaluation of Doses from Different Contaminated Biomass Conversion Options 
V. Timkevich, S. Grebenkov, J. Roed, K. Anderson, T. Sullivan, D. Brekke 
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I .2J ' 
Overview of lnternational Cooperation Projects involving /PEP % 

Seneral 0 bjectives: 
SUSTAINABLE ENERGY AND ENVIRONMENTAL REMEDIATION: 

To provide a feasible way for affected lands to be returned 

To evaluate biomass resources and valorization technologies 

To elaborate cost effective waste management technologies 
To assess possible doses to population and personnel 
To estimate associated economical 'and social effect 

back to normal use 

to be used 

0 To evaluate threat or benefit to environment 

Overview of lnternational Cooperation Projects involving PEP 

3ackground information: 
k w k g  . 

10 

8 

6 
_ _  - -- .. . - .. -. .- 

4 
. . 

Wood used in culinary, 
painting, pharmacy. 
chemistry and pulplpaper 

2 
Saw tlmber, building 
tlmber. plywood, produdlon 

0 

Three areas of Cs-I37 deposit,.Cilkrn' 

Specific activity of valuable wood (bark stripped tree stem) 

.Evaluation of Doses from Different Contaminated Biomass Conversion Options 
V. Timkevich, S. Grebenkov, J. Roe4 K. hdersson, T. Sullivan, D. Brekke 
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Overview of lnfernafional Cooperation Projects lnvolving /PEP 4 
3ackground information: 

- 
Size offraction, g 2 $E3 
mm 8 

Distribution activity versus fractions of litter matter: 
E l  -Fresh litter; E2 -Duff; E3 -Humus up to AI soil horizon 

2J 
Overview of international Cooperation Projects lnvolving PEP 54 

Background information: 

Contaminated territories: .About 2 million people, more than 20 
cities and 3,000 villages, the best agricultural lands, 17,000 km: 
of forest, a number of the most energy intensive industries 

Lack of financing, social problems, and regional energy deficit 

Restrictive countermeasures do not work 

Logs from contaminated area end. in a furnace 

0 Energy equivalent of Belarus total wood fuel resources is 1.5 

Energy equivalent of contaminated biofuel resources is 

' 

m i I I ion tcelyea r 

estimated as 0.5 million tcelyear . 
I 

Evaluation of Doses from Different Contaminated Biomass Conversion Options 
V. Timkevich, S. Grebenkov, J. Roe& K. Andersson, T. Sullivan, D. Brekke 
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23;. 
Overview of Cooperation Projects, IPEP 

Background information: 

Level of contamination, Ci/sq.krn 

Distribution of caesium-I 37 in soil 
as of January I, 1998 

Evaluation of Doses from Different Contaminated Biomass Conversion Options 
V. Timkevich, S. Grebenkov, J. Roed, K. Anderson, T. Sullivan, D. Brekke 
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2) 
Overview of International Cooperation Projects Involving /PEP % 

Background information: 

I Costdueto 
countermeasures and . 

remediation; 
I I  Directand indirect 

losses; . 

111 Lost profit 

Structure of damage caused by the Chernobyl Accident in 
the period until 2015 

9 
Overview of International cooperation Projects Involving IPEP % 

I I 
1. Background information and General objectives I 

Remediation pathways and Concept of the projects 
To-date results: 

P hytoremediation projects 
Biomass conversion projects 
Waste management projects 
Energy efficient demonstration zone project I 

Evaluation of Doses from Different Contaminated Biomass Conversion Options 
V. Timkevich, S. Grebenkov, J. Roe& K. Andersson, T. Sullivan, D. Brekks 
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.a 
Overview of International Cooperation Projects Involving lPEP ?@ 

Biomass Valorization and . 

Remediation of Contaminated Land: 
pistpcs: 

Larry Baxter . 

Ralph Overend 
Paul Malb 
Terry Sullivan 
Mark Fuhrman 
Jsrn Roed 
Helle Junker 
Ebbe Bdlehouse 
Hildegarde Vandenhov 
Sasha Grebenkov 
Anatoly Yakushau 

S N L s  
NREL 
BNL 
BNL 
BNL 
RlS0 
Elsarnpr 
FSL 
SCK-CEN 
IPEP 
IPEP 

USA 
USA 
USA 
USA 
USA 
Denmark 

ject Renrnark 
Denmark 
Bel g i 11 m 
Be laws 
Belarus 

Evaluation of Doses from Different Contaminated Biomass Conversion Options 
V. Timkevich, S. Grebenkov, J. Roe& K. Anderson, T. Sullivan, D. Brekke 
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Proposed Ukraine-USA Remediation and Power Production Project for the Chornobyl 
Exclusion Zone Environmental Management Issues . .  Thomas Early 

Oak Ridge National Laboratory, Oak Ridge, Tennessee 

ABSTRACT 

For a biomasdenergy production project of the size and complexity proposed for the Chornobyl 
Exclusion Zone (CEZ), a systems approach is essential to ensure that all of the components are 
efficiently integrated, and interactions among them are carefully considered. In addition to the 
major processes (phytoremediation, biomass production and conversion, power production and 
utilization, and waste management), many additional elements (enabling factors) need to be 
considered for the project to be successful. These elements include formal programs of cost-risk- 
benefit analysis, health and safety (for workers and the public), and environmental management. 
The latter factor is the subject of this presentation. 

Of the many environmental management issues that need to be considered, I will focus on three: . 

Soil contamination and migration, 

0 Water balance, 

i Groundwater contamination. 

Many excellent studies of 137Cs and "Sr behavior *in the diverse soil types found in and around 
the CEZ have been completed by scientists in Ukraine, Russia, Belarus, and elsewhere. The 
investigations illustrate that vertical migration rates of contaminants are a function of the 
radionuclide, soil type, and vegetation. For example, 137Cs is sorbed more tightly than "Sr, the 
mobility of both contaminants is'higher in organic-rich soils than in sandy loam; and coniferous 
forests result in faster contaminant migration in soils than deciduous forests. Lysimeter studies 
illustrate the importance of vertical transport through soils due to factors other than sorption 
(e.g., resulting fiom formation of organic complexes, colloids, and particulates). Understanding 
migration rates and transport processes through the soil column is important for defining the 
potential effectiveness of biomass for intercepting and either stabilizing or removing 
con taminants. 

A related consideration is the concern that any surface disturbance associated with biomass 
cultivation might result in increased soil erosion and transport of contaminated sediments to 
streams, rivers, and reservoirs. Different options for cultivating, weed control, and other 
maintenance activities in biomass plantations must be assessed for their ability to reduce 
erosional transport of con taminants. 

To increase the potential effectiveness of plantation biomass production for stabilizing and 
extracting I3'Cs and "Sr in the soil of the CEZ, it is important to maximize growth by use of 
irrigation and fertilizer and limit competition with weeds by use of herbicides. Application of 
water and fertilizer by drip irrigation is an attractive alternative, but ifirrigation water is 
provided by production wells, the impact of pumping on the groundwater system will need to be 
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evaluated. Carefid monitoring will be necessary to assess any impacts of plantation biomass 
activities to the elevation of the groundwater table, groundwater flow directions, and discharges 
to local streams and rivers. High biomass production, evapotransporation, and irrigation will 
provide challenges to maintaining the overall water balance of the plantation region. In addition, 
a monitoring program will be necessary to determine the infiltration of a range of contaminants 
associated with this activity (e.g., nitrate, herbicides, as well as 13'Cs and "Sr). 

Infiltration from waste-disposal trenches has already seriously contaminated groundwater 
Underlying portions of the Red Forest with "Sr. Following the accident, approximately 800 
unlined disposal .trenches were excavated in this area and received a variety of contaminated 
wastes. The location of many of these trenches is no longer known. Reportedly, many of the 
trenches have been flooded by a rising groundwater table caused by a combination of harvesting 
trees killed by the accident (greatly reducing evapotranspiration) and constructing flood control 
dikes along the flood plain of &e Pripyat River (interfering with groundwater discharges to the 
river). The flooded trenches appear to be the sources of groundwater contamination, and this 
illustrates the need to ensure that effective groundwater monitoring network is available and 
that numerical models are developed to evaluat.e 1) contaminant migration pathways and rates, 2) 
the potential for discharges to surface water bodies, and 3) the design and impacts of potential 
mitigation measures. 

More importantly, there is a need to locate the disposal trenches in the Red Forest that are 
contributing to groundwater contamination with an ultimate goal of stabilizing the waste in 
place. This action will greatly reduce or eliminate the trenches as a continuing source of 
contamination. Use of special types of remote sensing data is proven as an effective means of 
finding lost trenches at ORNL. Likewise, grouting of trenches with micro-fine cement has been 
shown to be an effective way to stabilize the waste and greatly reduce continued groundwater 
contamination. Similar actions might be possible in the CEZ. 

Finally, it might be possible to couple groundwater remediation with biomass production in the 
Red Forest area to accomplish two complementary goals simultaneously. For example, 
extraction of groundwater. contaminated with "Sr followed by decontamination by passing it 
through treatment media such as zeolite (e.g., clinoptilolite) may permit the water to be used 
directly for irrigating plantation crops. 
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EHOMACCbI B SHEPlTiKI 

BbIJ(EPXWJ3 

npoema no 6 ~ i o ~ a c c e  / IIPOEI~BOACTE~Y 3~eprm-i TaKoro pawepa E C~OXCHOCTE, KSLK 
IIpeAJIWaeMb% )QUI %pHO6bIJIbCKOg 3 O w I  OT¶yXAeHEW, ¶Pe3BbI¶&O BlDKeH CECTeMH€& 

BCeX KOMIfOHeEITOB E I IpHHXTh BO BHEMSLHHe B3aEMOAe~CTBEe Me>Kqy HEME. ITOMEM0 OCHOBHMX 
Il'POqeCCOB (BOCCTZiEfOBJIeHHIF DJlH IIOMOlI@i PaCTHTeJJbHOCTE, IIpOEI3BOACTBa ~ E O M ~ C C M  H ee 

nogxo~, KOTOP~G H ~ O ~ X O A E M  Toro, a06~106ecnesffllb ~ @ ~ I C T E B H O ~  mrerpqosarme 

npeo6pa30sa1m1, B ~ I ~ ~ ~ O T K H  E ;~TEJIIB= ~ J I ~ K T ~ O ~ H ~ ~ ~ E E  E 06pame~mi c OTXOASIMH) AJU~ 
Toro, - 0 6 ~ ~  npoem c m  ycnemmm, ~eo6x0,amo r ipmmr i  BO Bmmamie moxecTBo 

B ~ W O T  B ce6z o@mmmme np0rp-1 mm3a CTOHMOCTE - pEcKa - B L I T O ~ I ,  ox paw^ 
. 3,qopos~ M 6e30nac~ocm ( ~ ~ ~ O T H H K O B  EI Hacenem) E M e p o n p m  no oxpme ol;cpyxamnqeii 

cpeD1. IIpemeToM HacToqero AoKnaAa I IBTUI~TC~ nocnemmii EU 3 m  &ETOPOB. 

I43 m o x e m a  BOII~OCOB oxpaab~ oKpyxmrseii cpepw, KoTopbIe H ~ O ~ X O A E M O  y9HTbIBam, x . 
O C T ~ O B J E O C ~  Ha Tpex: 

AOIIOlIHETeJIhHhIX 3IIeMeHTOB (C03dILHIu(UX 803MO?fCHOCttZb @ZrUnOpO6). 3TE 3sIeMeHTEJ 

B O A H O M ~ ~ T I ~ E I C ~  

3 q m ~ e m  nomeMHbnr BOA. 

Ysemm YKP~HHLI, Poccm, EenapycE E npynix c~pm 6 ~ m o  nposeAeHo moxecmo 

MOXHO 0 6 ~ a p y x ~ m  B %pH06b1~1bCKOii 3 o ~ e  omyxcaemx E B O K ~ J T  Hee. Mccnegosm 

~ ~ B E I C E T  OT p ~ o ~ y ~ ~ n w a ,  m a  I I O ~ B ~ I  E p a m e m a o m .  K ripmepy, 1 3 7 ~ s  cop6~pytxcrr 
60nee npos~o, s e M  90Sry M O ~ ~ H O C T ~  060m ~ ~ M ~ H T O B  3 a r p m ~ e ~ ~ ~ 1  B 60ra~oti 
oprammecmm Bewecmam noqe  Bmue, s e M  B necsmoM cyrmme, E B X B O ~ ~ I X  necax 
~ ~ n p a q m  sa rpmmrq~x  ~ J I ~ M ~ H T O B  B nome II~OECXOAHT 6~1c~p.ee, s e M  B mcTBemm necax. 

sepes nomy B pesym~a~e EIH~IX s e M  cop6~(~11 @UCTOPOB (K IIpmepy, m m a e r o c x  

CKO~OCTE ~ k n p a s ~ n a  sepes no=erm&i cnoii EI IIpoqeccoB T ~ ~ H C ~ O ~ T H ~ O B K E  Ir.pe,qcTawmeT 
BamrocTb AJIII onpegenem I I O T e W m H O g  S~@~KTHBHOCTE 6~o~accb1 AJH nepexsaTa E w60 
c~a6m3aqk1~1, m60 yAanem sarpx3~11101q~ix senqem. 

. OTJIkfzIHbIx ECCJIeAOBaHd IIOBeAeHELX 137cS E B PEJHOO~PZ~HSIX THIIaX IIOSBbI, KOTOpbIe 

I I p O A e M O H C T p H p O B ~ ,  ¶TO CKOPOCTb B e p T E K ~ H O %  MHIpaqHH 3arpEI3H5ILOIQEX BeaeCTB 

.&33EMeTpE¶eCKEe EICCJIeAOBaHEUI AeMOHCTpEIpylDT BaXHOCTb BepTEKalIbHOrO IIepeMeIIJeHIUI 

pe3YJIbTaTOM @OPrnpOBSUAHEI Op~a.HH¶eCKEX KOMILTLeKCOB, KOJUIOHAOB E sac=). nOHEMaHEe 

447 



448 



MM'EPuAJIbr ~EPHOEbIJIbCKOrO CEMHHAPA lX0 BOCCTAHORJIEHUH) IIPH lXOMOII@I PA-HOCTU EI IIPEOFZA30B- 
PEIOMACCbI B 3HEPlWO 

449 





PROCEEDINGS OF THE CHORNOBYL PHYTOREMEDIATION AND BIOMASS ENERGY CONVERSION WORKSHOP 

Proposed Ukraine-USA Remediation . 

and Power Production Project for the 
Chornobyl Exclusion Zone 

Environmental Management 
Issues 
Tom Early 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee (USA) 

February 23-25,1998 

A Systems Approach to Remediation 
and Power Production 

Maior Processes 
Phytore ediation 

Biomass Production 
Haruesting, Processing, and 

T .  

Power Waste 
Utilization Management 

Enablinq Factors 

Cost-Risk-Benefit Analysis 

Health and Safety 

Environmental Management 

Proposed Ukraine-USA Remediation and Power Production Project 
for the Chornobyl Exclusion Zone 

T. Early 
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Spaceborne Imaging Radar: C- and X-band S A R  
October 1,1994 (Space Shuttle Endeavour) 

' 

Environmental Management Issues: 
Planting, Cultivating, and 

Harvesting of Biomass 

- Migration rates of contaminants in soils 
a 137Cs, other radionuclides 
e Soil amendments and pesticides 

ba 1 a n ce 
0 Bumping and irrigation 
0 Evapo-transpiration losses 

contaminants to surface water bodies 

- Monitor and maintain an appropriate water 

- Limit erosion and surface transportation of 

Proposed Ukraine-USA Remediation and Power Production Project 
for the Chornobyl Exclusion Zone 

452 
T. Early ' 
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' 

Environmental Management Issues: 
137Cesium and 9OMigration in Soils 

- Migration'rates ate a function of: 
0 Radionuclide (9% > -7Cs) 
0 Soil types (e.g. sandy loam vs peat) 
0 Vegetation type (e.g. a'niferous vs deciduous forest) 

- Lysimeter studies (Kliashtonn et al, 1997) show that 
contaminant migration a s  particulates and/or organic 
complexes can be important. 

13'Cs and 90Sr Migration Soils 
4 - 

Sandy Loam , 

5 -30.00 j 
-40.00 p f 

-50.00 p p 7 1  - 

doao. 
0 10 20 30 40 M 

Activity (Fraction of Total) . 

Data from Arapis et al. (1997) 

Proposed Ukraine-USA Remediation and Power Production .Project 
for the Chornobyl Exclusion Zone 

T. Ekly 
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137Cs and 90Sr Migration Soils 

-20.00 

E 
s2 r, - ? o . o o - ~  

- 
n 3 

4u.m. 

If ' 
: I  
, I  

1 ,  
- 

I sE.00 -1 
/ I  
0 10 20 30 40 SC 

Activity (Fraction of Total) 
Data from Arapis et al. (1997) 

Transport, Bate, and Effects of Contaminants 
in a Large River-Reservoir System 

- 
. .  . 

Proposed Ukraine-USA Remediation and Power Production Project 
for the Chornobyl Exclusion Zone 

T. Early 
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Environmental Management Issues: 
Water Balance 

WATER TABLE DEPRESSION UNDER.THE MILACA PIANTATION 
Milaca, Minnesota (USA) 

Water table on: 

Plantation Area 

Ground Surface 9 SI20193 
26/93 

0 50 100 I50 m 
DI~TXNCE (METERS) 

Environmental Management Issues: 
Contaminated Groundwater 

- Determine the extent of contamination and 
direction and rate of migration 

Design and implement mitigation measures 
for: 

Contaminated.groundwater 
Contamination sources (e.g. waste burial sites) 

Proposed Ukraine-USA Remediation and Power Production Project 
for the’chornobyl Exdusion Zone 

T. Early 
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Below is a map ofsWsA-4 produced firm USRADS shbwing surface features of SWSA4. The map is in theX-10 Md. AI1 
images were registered to lhii map. Overlaid on the map are key features extracted from the imagery. 
-The Open Trenches noted in the imageryfmm 1952 to 1961 are outlined in magenta. The locatiml accuracy of these 
trenches are suspect due lo the limited number of control points visible in h e  oldest images. 
-The soil patches placed over subsiding areas in 1981 are brown as is the main trail which was used from 1956 cnward and is 
still visible in thermal imagery. The locational acaJracy of these featwes is very good. 
*The cool signatures observed in themal imagery were traced over with purple. Note that many ofthem cwrelated very well 
thethesoil patchesfrwn 1981. Thelocationaccuacyofthesefeaturesisalsoverygood. 

. 
, 

Proposed Ukraine-USA Remediation and Power Production Project 
for the Chornobyl Exclusion Zone 

T. E-irly 
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ANNUAL STRONTIUM l?LUXES* 
Solid Waste Storage Area 4 Estimates 

5 3  

2 :i 
0 It-0 

1950 

'Period 1'963-1981 uses September 1-August 31 waleryear 

Drought 
Period 

Wet Period 

Grouting 
Interim - 

Upslope Runoff 
Close , 

Drainage 

OPERATIONS 

!n Ditches 

1955 1960 1965 1970 1975 1980 1985 1990 1995 206. 
CALENDAR YEAR 

Proposed Ukraine-USA Remediation and Power Production Project 
for the Chornobyl Exchsion Zone 
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. T. k l y  
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PROCEEDINGS OF THE CHORNOBYL PHYTOREMEDIATION AND BIOlWAkS ENERGY CONVERSION WORKSHOP 

Environmental Management Issues 

- Runoff, erosion, redeposition, 
and contamination of surface water bodies 

- Water balance 

- Groundwater contamination . 

Summary 
Environmental management concerns should be 
addressed during the project assessment 

H It is preferable to deal with environmental issues 
such as groundwater contanination and erosion 
control as part of an integrated systems approach 
rather than as separate problems 

H It is possible to use available technologies and 
methods to address these issues. For example: 
- Trench location and stabilization 
- Water balance modeling 
- Groundwater monitoring, contaminant migration 

prediction, and remediation methods. 

Proposed Ukraine-USA Remediation and Power Production Project 
for the Chornobyl Exclusion Zone 

T, E5rly 
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. In-Situ Waste Encapsulation (in trenches) 

WAG4 released 25% 
of.all Sr-90 from O W L  
until late 1996. 

WET SEASON / STORM EVENTS . OVERLAND FLOW FROMTRENCH 

WATERTABLE 

. . Multiple, injections of particulate and chemical grouts 
were used to .encapsulate wastes in saturated trenches. 

Post-injection monitoring of seeps showed a 
60% reduction of Sr-90 releases in the first six 
months following the grout emplacement. 

For further information, contact: D.D, Huff 
(423) 5 74-78 59; e-mai 1: dd h@orn 1 .gov 
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cI.-T-c- . --l-__l - 
RADIOACTIVE WASTE MANAGEMENT, ENVIROWNTAL AND WORKER HEALTH I 1 

The Prospect3 for lmproving Effectiveness of Project3 in the Chornobyl Exclusion Zone by 
Microbial Factor 

Valery Ribalka 
Chornobyl Center for International Research, Ukraine 

ABSTRACT 

Improving the effectiveness of the process of phytoremediation is one of the most important 
problems in implementing the project. While ensuring its high effectiveness, mankind will 
receive inestimable experience in elimhating nuclear catastrophes, which will no doubt have a 
positive effect on the fitture growth of nuclear power and on improvements of the ecology, not 
only in Ukraine, but in other countries. 

This report examines problems in estimating forms of radionuclides in nature and in tracking 
their results. Based on experimental data obtained at the Chornobyl Scientific and Technical 
Center for International Studies on a sample of lace, it was demonstrated that traditional 
representations associating radionuclides in natural media may be detailed and used for 
developing prospective technologies in the area of phytoremediation. The adoption of decisions 
on the basis of data from real-life mechanisms contains great promise for success in 
implementing the goals of the project and in improving the effectiveness of processes of 
phytoremediation in general and not only in the Chornobyl Exclusion Zone. 

. 

The question of establishing the properties .and priorities and the study of their conditions will be 
uppermost in our minds in the future. This is a complex task, but its resolution is important not 
only for us, but for many others. Here I would like to note the possibility of fi-uitfid scientific 
cooperation with scientists fkom the United States, who are studying these same problems. 

With the use of electron microscopy, processes of biotechnical corrosion of “hot.particles” under 
the natural conditions of the Chornobyl Exclusion Zone were demonstrated. The results of 
continuing studies in this area give reason for optimism that, by the time the project becomes 
fully operational, technological solutions will be developed on the biotechnical transformation of 
nuclide contamination of the “hot particle” type into forms acceptable and proper for fauna. This 
will make it possible to improve the effectiveness. of the project and to bring many areas of the 
Chornobyl Exclusion Zone into an ecologically safe condition within 20 years or sooner. 
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MATEPElkllbI ~EPHO6bIJIbCKOTO CEM€iHAPA IIO BOCCI'AHOBJIEHHIO IIPN IIOMOIUH PACTKilU&HOCM €i IE'EOBPA30BAHMIO 
6UOMACCbI B SHEPIXI0 

IIp06~1eMa noBbmemm ~ @ @ ~ K ~ ~ B H O C T E  npoqecca @rropeMemm.mm - oma 133 Ha~60~1ee 
BSUKWM np06ne~ B p e m 3 a q ~ ~  Ilpoem. IIPE 06ecqese~1-m ee B M C O K O ~ ~  S@@~KTHBHOCTE 
9enoBe9ecmo IIOJIJWIT HeoqemxmG omrr JIHKBHA~~HH mepHbnr KamcTpo@, TO 6e3yCJIOBHO 
nonoxmenmo IIOBJDGET Ha AamHeiimee p a m m e  qqepHoii ~ H ~ P ~ ~ T E K E  E yJrysmeme 
3 ~ o n o m  H e  TOJI~KO Ha .YKpame, HO E B ~ p y r ~ ~  cqmax. 

B AoKna,qe paccMoTpeHs1 n p 0 6 n e ~ ~  o q e m  @OPM P ~ O H Y K I I E A O B  B rrpzipo~~~oii cpene E 

YeHIl&lH Ha npmepe Ce-144 I I O K ~ ~ C ~ H O ,  TO Tp-omIe npe,qcTmnem IIO CBBMBXHEIO 
"pZKTOBKH Pe3YJIbTaTOB. Ha OCHOBaRHki SKCIIepEMeHTZUIbHbIX AaHELIX, IIOrrygeHHbIx B 

PZI,I(EOHYKJIEAOB B I I P H p O W H X  CpeAaX MO& 6- AeTaJIE3HpOBaabI E ECIIOJIb30BZiHLI AJIEl 
O T ~ ~ ~ O T I C E  nepcneIclckIsHbnr TexHonomB B 06nacm CpmopeMewaqHH. IIpmxme pemeHHii Ha 
ocHoBe 
ycnexa p e m a m m  seneii IIpoema E noBbmemm ~@@~KTEBHOCTE qoqeccoB 
@mopeMepgaqHH BOO64e, He TOJEKO B Chornobyl Exlusion Zone. 

no peamaw MexmMaM coAepxm B ce6e 60mme nepcnemxm AJIX 
. 

i 

c HCIIOJIb30BSLHEeM 3JIeKTPOHEIO$ MHKpOCKOIIHH IIOKa3EEiLI IIpOqeCCbI 6 ~ o m e c ~ o i i  KOppO3EE 
w o p m  qacmq)) B q q o m ~ ~ ~  YCJIOBHIIX Chornobyl Exlusion Zone. P e 3 y m ~ a ~ ~  

TexRonomecme pemem no 6 ~ 0 ~ m e c ~ o i i  TpsLHcipopMaqHH ~K.ETAH or0 3arp rn~e~~11  m a  
((ropmzie sacTHq6I)) B Aocqmme E npHopmmIe AJUI pacTeHHii @OPMM. 3To I I O ~ B O ~  
~ O B ~ I C E ~  ~ @ @ ~ K T E B H O C ~  IlpoeKTa E peamHo n p m e m  c ero IIOMOEGIO miome F a &  
Chemobyl Exlusion Zone B 3~0nomecm 6e30nac~oe cocromme B npeaenax 20 E MeHee JI~T. 

I I P O A O J I X C ~ ~ C X  HCCJIeaOB& B 3TOG 0 6 n a c ~ ~  BCeNIIOT OIITEME3M, ¶TO K MOMeHTy 
n p ~ e C K o r 0  BeAeHHII pa6OT IIO l&xmmy B IIOJIHOM ~ a c m 6 e  6 y n y ~  o~pa60- 
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ITepcne~musa nosbimenu~ ~Qi~emusnocmu ITpoema nocpedcmsonz Qiumo-pmedua y uu 6 
%?pHObbLnbCKOH 3one omuywdentuz 

BanepHii P~i16amca 

~ e p ~ 0 6 b m c ~ a s r  UeqmHsUr na6opa~opm 
ZIep~06bmc& qefTp'II0 MemaPOmIM ECCJIeAOBXftEHM 

IIpo6ne~a noBbmemm ~@@~KTHBHOCTE npoqecca @mopeMemmqmi - oma ~3 ~ a ~ 6 o n e e  B~XEHX 
npo6ne~ B peama3aq~~ IIpoema. IIPE 06ecnesem ee B M C O K O ~ ~  B ~ ~ ~ K T E B H O C T E  qenoBeqecmo 
IIOJIJTET HeoqeHHMbIji omrr JIEICBEA- mepHbnr KamcTpo@, TCO 6e3yC~iOBH0 nonoxmemHo 
IIOBJIEZW Ha AmHeiinree pa3sme WepHoii s ~ e p r e ~ a ~ ~  E yJrysmeme ~ K O ~ O I X H  He TOJI~KO Ha 
.YKpame, HO H B ~ p y r ~ ~  cqa~ax .  

. 1 . AeiicmmemHo pacTBopmme HeopraRwecme coegmem (Hanpmep, SrCl , Sr(HC0 ) E 

T.n.); 

2. rqqpomyromecrr Heoprammecme coe,wmem 
lTepcnemusa nosbiruenm 3@@e~lf2z(snocmu lTpoeKmn nocpedcmsonr @umo-peMeduaquu e !€epno6aur~c~oH 

30ne omrymdenlur 
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3. coe,qmem c mmepmHofixomoHemoii nossemofi MaqHqbI, c n o c o 6 ~ ~ e  K ~ C C O ~ H ~ ~ H H ;  
m ~ ~ o m y  HJIH ~ e c o p 6 m i ~  HoHa HyKJIHAsL; 

4. 6 a ~ ~ e p ~ a ~ 1 b ~ a . x  cm3b, c0Aepxarw.x K ~ K  Heopmmmecme, TSLK E o p r m e c m e  coemHemm 
m a ;  

5. me= 6a~~ep1i&, npocTehmx c ~ A C O ~ ~ E ~ O B ~ H H ~ Y M E  Ha noBepmocTE PQI~~OH~WIHA~ME;  

6. 6 a ~ ~ e p ~ m ~ ~ e  mem c E H K O P I I O P E ~ O B ~ I M E  ~ ~ ~ E O H Y K J I H A ~ M ~ I ,  

9. IIpOJQXTbI MeTa60JIEI3Ma (aMHHOKECJIOTb1, XCFIpHbIe KBCJIOTbI, OKCEKECJIOTM, ~HTE~HOTEKE 
6 e m ) ;  

1 O.EOHT3bIe aCCOqHaTh1 KOMIIJIeKCOB paJ@iOHJWIEAOB (C SLMHHOKECIIOT~, T W I M E I  KECJIOTSLMB:, 
OKCEKECJIOTSLMH, ~HTZ~HOTEICE, AH~MHH~I  E IIPOS.) H MoneKyrraME ~ ~ J I K O B ,  nomcaxapmoB, 
@ O C @ O m O B ,  aMEHOIIOJIECaXap~OB E Ap. 

 TOT KOPOTKEZ E AaneKo He  IIOJTJSIG nepesem BKmOgaeT B ce651 no, Kpakeii Mepe TLICW 

~ ~ ~ l c p e ~ ~ b n r  B O ~ M O X ~ X  coemeHaii - p e m m x  BoAopacmopHMbnr @OPM HOHOB (H~JIFIAOB) B 

BKm0~anc~ c o e m e m  1111.2:3.4.5.6.7.8.9.10. IIoxcarryijr TOJEKO oma 4opMa - P~AHOEI~KTMWI B 
IIpHpOAHOM 6~ioqe~o3e. COBePIUeHHO OSeBEJIJiO, ¶TO B COCTaB O ~ M ~ H H ~ M  QOPM TaKXCe M O W  

COCTaBe <<rOpIIsHx 9aCTHq)) AOCTOBepHO He B X O m  B COCTaB BOAOpaCTBOpIlMbnr aTIH 0 6 ~ e ~ ~ ~ x  
@OpM. B H3BeCTHEdX YCJIOBEXX @OpMbI 1.2.3.4.5.6.7.8.9.10 M O T  &ITL KJIaCCE@HqEIpOBaHbI H KaK 

BOAOpaCTBOpHMbIX @OpM, 30% O~M~HHSIX OOPM, 50% HeO6MeHHbnr @OpM))? ~PaKTkTIeCKm BCe 
H ~ O ~ M ~ H H L ~ I ~ .  K a ~ y ~ o  me HH@OPM~~HH) HeceT ((cogepxamxe HyKJIHAa B npo6e <<A>): 20% I 

THII~I nepesllcnemmx coemeHHii B X O ~  B 3 0 q  mepecoB M E K ~ O O ~ ~ ~ H S B M O B  E He MOT 
PaccMaTpmancx B oTpme OT CBO~CTB C ~ M E X  MEKpooprsIIIH3MoB. T e M  60nee, TO B mcne BTEX 
c ~ o i i m  ecn  II~OCTO yHHKaTlbHehe ,  H q m e p ,  CIIOCO~HOCT~ HaKamBan EOBI sepe3 
meTomme Me~6pa~b1 n p o m  rpaanema KoHqeHTpamG HoHa B K O H K ~ ~ T H O ~ ~  cEcTeMe. 

Hm6onee noKa3aTeJzb'EIbI B  TOM onromemm IIBJIII~TCII npoqecc n p m  p e m e m  AJU~ O K ~ ~ ~ ~ I H I L  
~ 0 3 ~ e i i m m  H a  XOA ycBoeHHII/BTIH'BeycBoemx ~ZI,WOPEYKJIHAOB pacTemmm. Krraccwecrcoe 
npeAcTasneme o TOM, TO cBmmaeT P-OHYKJIHA~I B nome CBOAETCSI K ~IIOMEH~HEIO 
~ ~ M H H O B ~ I X  seaecni H HX BbIcoKoro npoqemoro coAepxamm B nome. &m HEX onpenenem 
CBII~~IBWIQEX @yHfc9HoHaTlbHbe ~~YIIIIEPOBKE, p a c c m a m  KOHC-I mccoq~aup~, H 

IIPH  TOM ~ O J I H O C ~ K I  He n p m a e T c s  BO BmmatILle TOT @~KT, TO H q m e p ,  AJU~ Sr-90 B 
Komecme 1000Bq cocra~me~ - lo-'' M Sr2' H AJUI CBIL~~IBSLHHII B H O B ~  nocTyrrmmero B 
cpeny pa,qFioHyxJIHna (a memo TSUC O~CTOET Aeno c ~ ~ I - ~ X ~ H ~ H H I I M H  B Chornobyl Exlusin Zone- 
3 a r p m ~ e m  J I O K ~ W ~ O B ~ L H ~ I  B TSUC Ha3maemIx ((ropmm sacmqax))) AOCTSLTOSHO -1 0 -'' M 
BelI@CTsZi., Cr10C06HOr0 06pmo~b1~an I I p O ¶ H b ~  KOMIIJIeKC. 

KOHCTaHTE4 YCTOhEBOCTE KOMIIJIeKCOB C EOHSLMB: IIpaltrrweCKE BCeX XEMFIeCKEX 3JIeMeHTOB. 

L!epcneKmusa nosbiuienm 3i$i$emu6~0cmu npoema nocpedcmson gumo-pmeduayuu s Yepno6arnbcuoii 
30ne omuymdenm 

Banepe P~16ariKa 
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YeHI_lh/M (Chornobyl Science & Technical Centre for Internatiod'Research) CoBMeCTao c 
&mTexCepsm)) (&himtechservice)) Ltd) O T ~ ~ ~ O T ~ J I E  E BHeqEJlE B n p m  

ECCJIeAOBaHdi METOA P ~ O X W E F i E C K O T O  TECTIiIPOBAHWI m a ~ i m 3 a  
CBII3bIBSLfOW CBOfiCTB KOMIIOHeHTOB CJIOXH6IX CY6CTpaTOB 

c ECnOJIb30BaIiEeM METOAA P~ox1'IMl;ruEcKoro TECTHPOBAHIM & HyKJIHAa Ce- 
144 Qa@FIeCrufii HMHlpK HeKOTOPbIX (hYHICqHOHaTIbHbM I'PYIIIIEPOBOK IyMHHOBbIX H 
@YJlSBOKHCJIOT MOX€X ~ H T L  IIpeACTllBJIeH H a  PHC. 1(OCTSLTOK 6e~30koE KECJIOTbI), pEC.2 (OCTaTOK 
C-OBOG KECJTOTbI), pEC.3(OCTaTOK HMEIHOAHyKCyCHOii KECJIOTbI). HO B TeX Xe YCJIOBHIM 

MmOA IlOKa3HBaeT, ¶'O B XOAe ryMH@HKaQEi%i, HaIIpEiMep, JiECTa 6epem BCeMH KOMIIOHeHTaMN 
nomemoro qe~o3a(!) I I ~ O A ~ ~ H P Y E ~ T C I I  sewecma cosepmemo moii CBm~mamqeji n p q o m  - 
p~c.4. MexaRH3M yAepxamm EOHOB Ce B  TOM cJrygae cosepmemo gpyroii. npo6~1e~a 
noBbmemm ~ @ @ ~ K T ~ H O C T H  npoqeccoB @mopeMemm KSLK pa3 E COCTOET B TOM, m o  0 6 m o  
nparrrmgecme mam npeAnpmamamTcx ~3 pacseTa C B ~ ~ I B W I W X  c ~ o 5 . c ~ ~  cHcremI m a  1,2,3. 
A @aKTkmecni B He% p e m s o ~ a ~  MexamnM C B ~ ~ I B S L H H I I  m a  4. IIpzmxme pemeHaii Ha ocHoBe 
~ a ~ ~ b n r  no p e m w m  M ~ X ~ H H ~ M ~ M  c o a e p m  B ce6e 60mme nepcnemxm m ycnexa 
pearm3a.7 qeneii n p o e m  E noBbmemm ~@@~KTHBHOCTE qoqeccoB @mope&eppaqHH 
~o061qe, He T O ~ K O  B Chornobyl Exlusion Zone. 

Ewe oma cneqkl@ma p a p o m m r x  3arpm~eHHii B Yep~o6b~11bc~oii 3o~e: O C H O B H ~  Macca 
3arPII3HeHkUI IIpeACTaSJIeHO B BEAe yIIOMHHaBIILHxcII <<rOpFIEX ¶ a m ) ) .  om 0611qqm~ 
AOCTaTO¶HO BbICOKOg XkIMWeCKOfi E KOppO3EOHHO~ CTO&COcTbfo. 3 T O  IIpeACTaBJHeT Cepbe3HyIo 
np06~1e~y n p ~  c~p~rrzm np06 B xoAe papoxmxmecKoro mamma. B Chornobyl Exlusion Zone 
MbI meeM oqem 6ommoe wcno q06 ,  ~ ~ ~ O ~ K T E B H O C T ~  KOTOP~IX Arne cehac, qepe3 10 J I ~ T  
nocne asapm npe,qcTasneHa n o m  Ha 100% memo ropIzsHMEI q a c m m .  kIHbIMH CJIOB~MM 

coAepxame pacmopmmx H O ~ M ~ H H H X  @OPM B HHX cocraBmeT MeHee 3-5% OT 06rqeii 
~KTEIBHOCTH np06~1. Iii B O ~ ~ O C  ~+@~KTEBHOCTH @irropeMepaaqxm Gym2 B nepBym osepem 
06yCJIOBJIeH CKOPOCTMO T~~AC@OPME~QEE P ~ ~ ~ O H ~ K T I H ~ O B  133 ropmm g a m  B pamopxnme E 
Aocqmme pamemum aopm~. B nccne,qosm MexaHmMa 3~06 T~~HC@OPM~ZQEE H ~ M ~ T ~ T I ~ I C ~  
nonomTemwIe c , q ~ m .  H~MH 06~apyxew1 3@@em16~0~eCKOii ~opp03m r o p m  qacniq. 
npmepbI ~ T O ~ O  ripe,qcTaSneHbI Ha p ~ c .  5,6,7,8. P~c.5 @errweme 1500X) E p~c.6 @emerne  
4000X). - TSLK BLITN~~HT HenoBpex,qemm nosepmocn (CropmeG 9aCTHqbD). h e p c m  B 
K ~ E ~ C T ~ J I J I ~ ~  nepemasmmerocx B xone pa60n1 pernopa mepHor0 T o m a (  1) BIBB~HLI 
BbmenemeM sepes pacmas p a m o m ~ b ~ ~  m e p m x  WOB. Ha PEC. 7 @enweme 3000X) 
npencTameHa s a c m a  co cneAaMH 6~ono~pexs,qe~~11(2). Ha PHC. 8 (yBenweme 5000X) 
qeAcTameH @pa.meHT (a-opmeii sacnmpxo cirenaMH n o ~ p e w e m ( 3 )  E M E K ~ O O ~ I - ~ H E ~ M  ero 

lTepcnemsa ~ O B C I I U ~ ~ U I I  s@@e~mus~ocmu npoema nocpedcmsont @umo-peMeduayuu s %?pHO6bbmbCUOE 
3one omvymdenuz 

BmepHii P ~ 6 a ~ k a  
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B ~ ~ L I B ~ J I @ ~ ( ~ ) .  kIaTepecHo, -0 XHMwecm TpmnemeM He yfiaeTc2 n o m  noBpexqem 
w o p m  sacnm)) c ~H~JIO~FFEIMM SEAOM. Pe3ym~am1 I I ~ Q A O J D K ~ I W X C ~ Z  Eccnefiosamd B B T O ~  

IIOJIHOM ~ a c m 6 e  6 y w  O T ~ ~ ~ O T ~ F I ~ I  TeXHoJIomecme pemem no 6 ~ o m e c ~ o i i  
T ~ Z ~ H C @ O P M ~ ~ ~ H H  HyKJIBLBIoro 3arprn~e~i.m m a  (copme sacTHq6D) B fiocTym-IbIe E 
IIpEopHTeTHbIe AIM pacTeM e0p-1.  TO ~IO~BOJIET IIOBLICETL ~ @ @ ~ K T H B H O C T ~  npoema E 
peanmo npmecm c ero ~OMOWEO mome p a c m  Chemobyl Exlusion Zone B ~ K O ~ O ~ W ~ C K E  
6e3onac~oe CocToxmie B IIpeAenax 20 E MeHee  ne^. 

06nacm BCeTIIIKIT OIITEME3M, -0 IC MOMeHTY IIpaKTFIeCKOrO BeAeHE5I pa60~ 110 npOeKTy B 

Itepcnemsa nosmueiim ~@@emumocmu HpoeKma nocpedcmsoni Qiumo-pmeduayuu s %?’pH06b~~bCK06 
3 o ~ e  omrymdeiim 

Banepa- Pb16ea 
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nepcne~musa nosarure~urr 3@@e~mue~ocmu npoexma 170 Cpedcmsom #wno-Pmeduayuu B ~ep~o6bu1cuoii 
, 3one Omuyxdenm 

Bmepaii- Pb16amca 
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Ilepcnemsa L i o s b i u r e ~ ~ ~  3qh$emus~ocmu Ilpoeiana Ilo Cpedcmsom Oumo-Pmeduayuu B YepH06b~1CKOfi 
3 o ~ e  OmuyxcdeHm 

B m e p ~ i j - P ~ G m a  
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.on 

(1 500X): 

(4000X). 

destruction 

lTepcnemusa Rbsbruten~~ 3@@emusnocmu lTpoeKma lTo Cpedcmsonr Ourno-Pmeduayuu B Yepno6bmcuoi 
30ne Omryxdenw 

BmepHii-P~Gamca 
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Pic. 7. Electron microscopy picture of Hot Particles with biotic destruction (3000X). 

lIepcnemusa l7osb~uce~ru134p~e1unus~ocmu l7poeKma 170 Cpedcmso~ @umo-Paneduayuu B %?pH06b~1CUOfi 
3one OtnuyxcdeHruI 

BanepHii. - P L I ~ ~ J I K ~  
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3 

- 4  

Pic. 8. Electron inicroscopy picture of Hot Particles with biotic destruction (5OOOX). 

17epcnemuea Ilosarurenrur 3##e~muenocmu npoema 170 Cpedcmeofi Cpumo-Pmeduayuu B %?pHO6bUrCKOE 
3one Omvyxcdenrur 

Ba~~ep~ii-P~i~Ga~ika 
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I ECONOMICS AND FINANCIAL APPROACH i 
No Regrets Strategy for Commercialization of Non-Contaminated and Contaminated 
Biomass- to-Energy Projects in Ukraine and Belarus 

Serge Adamian 
Ecotrade, Inc., Glendale, California 

ABSTRACT 

Using biomass to.produce energy and remediate Chornobyl-related contaminated lands requires 
extensive capital and risk-mitigation efforts. Ukraine and Belarus must rely on foreign sources to 
meet these types of capital needs. Since Ukraine and Belarus lack a track record in 
internationally financed energy projects, a viable incremental strategy is necessary to attract 
capital to commercial and cost-effective biomass-to-energy projects and remediation efforts. The 
“No Regrets Strategy” embodies coordinated and coherent planning and implementation steps 
that would build the in-country (Ukraine and Belarus) capacity and infrastructure for non- 
contaminated biomass energy projects, eventually leading to use of contaminated biomass on a 
commercial basis. Minimizing system costs, enhancing cost-effectiveness, commercial and 
technical viability, safety, protection of the environment, and social acceptability are the primary 
objectiveshonstraints of the strategy. Every step in the process starts on the l e d g ,  capacity 
building, and risk-mitigation curves at a higher point as compared to the previous steps while 
offering the opportunity to re-evaluate risks and the optimum strategy. This paper discusses the 
elements of the “No Regrets Strategy” and past and present investigations and lessons learned, . 
and sets forth the Ecotrade et al. team’s future plans for non-contaminated and contaminated 
biomass-to-energy projects. 
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NO FEGRETS STRATEGY 
for Commercialization of Non- 

Contaminated and Contaminated 
Biomass-to-Energy Projects in . 

Ukraine and .Belarus 

Serge Adamian 
Ecotrade, Inc. 
Glendale, CA 

BELARUS BIOMASS POWER 
OPTION 

PURPOSE 
To conduct a pre-feasibility study for the 
development of a series of retrofit 
uncontaminated waste biomass-fired power 
generation projects in Belarus. 

No Regrets Strategy for Commercialization of Non-Contaminated 
and Contaminated Biomass-to-Energy Projects in Ukraine and Belarus 

S. Adamian 
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Challenges for Belarus: 

+ New state building 
+ Economic transition and restructuring 
+ Disruption of trade and payments with the former 

+ Sudden dependency on imported fuels for 90% of 
trading partners 

energy needs leading to energy shock I 

- Uncertain imported energy supplies ‘ 

- Increasing prices for imported energy 

+ Aging thermal power generation “excess” capacity 
needs life-extension (5,500 MW’needs 
replacement within 10- 15 years) and domestic 
financial markets are unable to finance that 
replacement 

+ No track record in Belarus to finance commercial 
energy infkastructure projects by relying on global 
fmancial markets 

+ Chernobyl contamination 

No Regrets Strategy for Commercialization of Non-Contaminated 
and Contaminated Biomass-to-Energy Projects in Ukraine and Belarus 

S. Adapian 
480 



PROCEEDINGS OF THE CHORNOBYL PHYTOREMEDIATION AND BIOMASS ENERGY CONVERSION WORKSHOP 

Installed Capacities 

I 

Solutions to the challenges 
related to energy shock: 

+ Make energy sector and industry more efficient 
+ Switch and displace imported fi~eis to increase 

reliance on domestic fuel resources. Biomass is 
practically the only indigenous energy resource 
available in large quantities in Belarus. 

+ Simultaneous life-extension, efficiency improvement, 
and biomass c o - f ~ g  can be a cost-effective solution 
to the energy shock. 

No Regrets Strategy for Commerciab-tion of Non-Contaminated 
and Contaminated Biomass-to-Energy Projects in Ukraine and Belarus 

S. Adagian 
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Solutions to the challenges 
* related to decontamination: 

~~ 

+ Incremental no-regrets commercialization 
‘approach 
- Biomass.fue1 collection 
- Biomass fuel transportation 
- Biomass fuel processing 
- Biomass fuel supply contracting and sustainability guarantees 
- Utility scale biomass combustion 
- Optimum ownership setups for the conversion facility 
-- Tariff negotiation, power sales contracting, Ad  guarantees 
- Financing 

+ Expansion of non-contaminated 
Biomass infrastructure already set 
up for the uncontaminated biomass 
- Contaminated biomass combustion 
- Contaminated biomass collection 
- Capture of.ash 
- Disposal of ash ’ 

No Regrets Strategy for Commercialization of Non-Contaminated 
and Contaminated Biomass-to-Energy Projects in Ukraine and Belarus 

S. Admian 
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METHODOLOGY 

+ Waste Biomass Resource Assessment 
. -Belams 
. -MinskOblast . 

- Vitebsk . I  Oblast 
- Project site, supply logistics, pricing, and 

sustainability issues 
- Planning for GIS 

+ Technical, Engineering, and Design 
Information for the Project Site and the 
Selected Technology for Retrofit 
- Technologies for retrofit and costs 

+ Environmental Assessment Including 
Impact on Forest Health and Biodiversity 

,No Regrets Strategy for Commercialization of Non-Contaminated 
and Contaminated Biomass-to-Energy Projects in Ukraine and Belarus 

S. Adamian 
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Business and Financing Issues 
- Optimum ownership structure(s) for the project 
- Potential utility and/or’captive clients and their 

- Anticipated power sales price and total revenues for 

- Preliminary analysis of risks and mitigation strategies 
- Preliminary project proforma and internal rate of return 
- Potential debt and equity financing sources 

creditworthiness 

the project 

cal content and impact on employment and 

n balance of trade . 

No Regrets Strategy for Commercialization of Non-Contaminated 
and Contaminated Biomass-to-Energy Projects in Ukraine and Belarus 

S. Ada@an 
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I E c o F ~ r n ~ s  AND F ~ ~ A N ~ I A L  A P P R O A ~  1 

To-Date In fratructure for Biomass-to-Energy Conversion in Belarus 
A. Grebenkov 
Institute of Power Engineering Proble?, Bel- 

ABSTRACT 

Bioenergy conversion is a new industry to the Ukraine. Th-y must be aware of m a y  n 
infrastructure needs. An extensive list of infkstmcture concerns was presented. 

W 
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MATEPUklIbI %PHOEbllIbCKOrO CEhWHAPA IIO BOCCTAHOBJIEIMIO IIPH IIOMOHIH PACIMTEI%HOCTII EI IZPEOEPA30BAHIIIO 
FIlOMACCbI B 3HEPIuIo 

Cospwennm unqipacmpymypa drur npeo6pmosanurr 6uoMaccbi 6 snepzuro 6 Emapycu 
A. rpe6eHbKOB 
~IHCTEIT~T 3 ~ e p r m e c m i x  npo6ne~, Eenapycb 

. I  

, 
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9 
international Cooperation projects involving \PEP 

TO-DATE INFRASTRUCTURE' 

' IN BELARUS 
FOR BIOMASS-TO-ENERGY CONVERSION 

IPEP, Belarus 
FSL, Denmark 
IAE, Inc., USA 

SNLs, USA 

I 
Infrastructure for Biomass Con version, /PEP 4 

ASH ENCAPSULATION 
Characterization of radioactive ash  after combustion 
1.5 t o n s  of radioactive a s h  were shipped to BNL (USA) 
Pilot scale tests of different matrix and technologies 
The best cost effective results: 

Recycled polymers (plastics) + mechanical extruding = 30-35 
MPa strength,  10-5 gkm2day liching rate, 75% of a s h  loading 

ASH TRANSPORTATION 
There are several options which exist (container, trucks,  etc) 

ASH DIS'POSAL 
Relatively o r  very simple, depending o n  waste form 
170,000 m3 of simple repositories a r e  in Belarus exclusion zone  

I 
To-Date Infrastruction for Biomass-to-Energy 

Conversion .in Belarus 
A. Grehenkov . 
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d4 
Infrastructure for Biomass Conversion, IPEP 

FUEL PREPARATION AND STORAGE 
a In-forest chipping of debris, unconditioned wood, and 

underwoods to provide reliability and sustainability of fuel 
s.u P P l Y  
On-site chipping at a sawmill 
Power plant on-site chipping 

ASH MANAGEMENT 
0.7-1.0 tons/hour 
Final waste form 

plastic bag, or  
stabilized form 

1 3. 
Infrastructure for Biomass Conversion, IPEP W 

RELIABILITY AND SUSTAINABILITY OF RESOURCES 
e Forest health and biodiversity . 

Wood harvest structure 
Wood consumption structure . 

Transport means 
TRANSPORT AND ROADS (very important!) 

-Fuel consumption is about 35 tlhr (20-25 MWe boiler) 
Wood chips transport truck of 80 m3 each 5-10 minutes 
Wood consumption structure 
Road network is well developed, but ... 

0 Forest roads (non appropriate), highway (appropriate), plant 
site's road h o n  aem=opriate) 

To-Date Infrastruction for Biomass-to-Energy 
Conversion in Belarus 

A. Greb-enkov 
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. 

infrastructure for Biomass Conversiqn, PEP 4 

Combustion technologies 

”Contaminated” components: 
Ash management technologies 

0 Disposal facilities 

FUEL RESOURCES 
Total potential: I 

presently 
prognosis 3.4-4.0 million tedyear 

I .5 million tedyear 

Technically available for retrofitting at specified sites: 
Minsk Province 238.91 thousand tcelyear 
Vitebsk Province 255.97 thousand tcelyear 
Gomel Province 302.44 thousand tcelyear 

The main sources of fuel: 
more than 600 forestrs’ enterprizes (70%) 
About 4,000 sawmills (30%) 

Infrastructure for Biomass Conversion, PEP 6% 
MAIN COMPONENTS 
” C I ea n ” co m pone n ts : 

To-Date Infrastruction for Biomass-to-Energy 
Conversion in Belarus 

A. Grehenkov 
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3 
Infrastructure for Biomass Conversion, IPEP @a 

GENERAL ISSUES 

Approach: 
Infrastructure for clean biomass conversion 
Additional components for contaminated biomass conversion 

Today the relevant infrastructure is very weak 
A few high productive machines for forestry and'fuel preparation 
low load capacity transport means 
Well developed but inappropriate roads 
Ash transportation (a few container and trucks) 
Waste disposal facility of small volume 

r .  

/$& Evafyation of Radiological Doses, IPEP 4 

PRELIMINARY RESULTS: 
Exposure from routine forestry and recreation: 

Forestry worker - 3-6 mSv/year (ext), 0.2-1.5 mSv/year (int); 
Resident - I .9-2.5 (ext), 0.2-0.5 (int). 

Resident - c 0.1 mSv/year (ext); 

Resident -:e 0.01 mSv/year (ext); 0.01 mSv/year (int). 

Worker (fireman) - < 0.1 mSv/year (ext); 

Worker - is to be less-than I mSv/year (total); 
Resident - is to be less than 0.1 mSv/year (total). 

Exposure from domestic use of firewood: 

Exposure posed by use of ash as a fertilizer: 

Exposure from forest fire (excluding background exposure): 
0.1 mSv/year (int). 

Exposure. from biomass fired boiler and ash management: 

0.01 mSv/year (int) 

To-Date Infrastruction for Biomass-to-Energy 
Conversion in Belarus 

A. Grebenkov 
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Evaluation of Radiological Doses, IPEP &b 
THE MODELS USED: . .  

FORESTPATH o r  FORESTLIFE (developed by IPEP + others) 
Prognosis of radionuclides migration in forest ecosystem 

MCNP4A (provided by LANL, modified by IPEP) 
e External exposure dose rate 

LOCMIGR (developed by IPEP) 
Transport of radionuclides released from furnace and forest fire 

RESRAD (provided by BNL) 
Inhalation dose from the sub-micron particles and ingestion dose 

DOZA (developed by IREP) 
Multi-cameral model for inhalation dose 

COSY MA (provided by RIS0 National Laboratory) 
0 Transport of radionuclides released from furnace and forest fire 

2 
Evaluafion of Radiological Doses, IPEP 31 

ACTIVE SCENARIOS 

Scenario 4: Exposure from ash residues management and 
disposal : 

External exposure from collection; packaging (immobilization) and  

External exposure from disposal facility; 
0 Internal exposure d u e  to ground and surface water pathways. 

External exposure from facilities while operation, maintenance and  

transportation procedures; . 

Scenario 5: Exposure from biomass fire.d facility: . 

decommission; 
* Internal. exposure from chimney. 

To-Date Infrastruction for Biomass-to-Energy 
Conversion in Belarus 

A. Grebgnkov 
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Number of fires 

I 
Evaluation of Radiological Doses, /PEP 

Forest land, ha 
Total. 1 of which covered 

=OREST FIRES: 

Forest fires and area enveloped in fires (as of November 1) 

2471 
1517 

Year 

with forest 
1022 995 
310 270 

1990 
-1991 
1992 
1993 
1994 
1'995 
1996 -- 4123 7043 6962 

8121 
1887 . 

3052 
3257 

2041 2 
1253 
21 06 
5645 

19841 
1252 
1511 
3780 

Evaluation of Radiological Doses, IPEP E% 

30NIESTIC USE OF FIREWOOD: 
30000 

' 3 25000 . m  
; c- 
i 2 20000 
IZ 

A A 

A 
. _ _  of9 

A A A  
A o d  - A  - 

. I :  i 
I '  
i : 

0 I f  
01 i 

i 

I 0 200 400 600 800 1000 I 
! Specific activ,ity of fuel wood, Bqlkg 

Activity of ash versus activity of fuel wood and furnace design 

To-Date Infrastruction for Biomass-to-Energy 
Conversion in Belarus 

A. Grebsnkov 
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I 

9 
Evaluation of Radiological Doses, IPEP 36 

Scenario 2a: Exposure posed by domestic use of firewood: 
Direct exposure from trees and ground when collecting firewood; 
Direct external exposure from a stove and hearth; 
External exposure from ash residues handled; 
Inhalation from a chimney and while handling hearth ash. 

Scenario 2b: Exposure posed by use of ash as a fertilizer: 
External exposure from a garden; 
ingestion from garden products pathway; 
Groundwater/surface water ’pathway; 

Scenario 3: Exposure due to forest fire 
External exposure from deposition;, 
Inhalation of a’irborne particles; 
Ingestion from food chain. 

2 - Evaluation of: Radiological Doses, IPEP e@ 

52% 

Exposure time is limited 
according to regulation 
.Work is carried out in 
condition of accidental visit of 
different contamination level 

level of contamination 

til Soil 

The EDR is proportional to 

0 No physical protection is used 
~ .. 

Forest food consumption is the 
Contribution of different parts of 
ecosystem to exposure dose rate 

same  as before Accident 

To-Date Infrastruction for Biomass-to-Energy 
Conversion in Belarus 
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g 
Evaluafion of Radiological Doses, /PEP 

BASELINE SCENARIOS: 

Scenario l a :  Exposure due to routine forestry: 
External exposure from trees and ground; 
Inhalation of airborne dust; 
Ingestion from forest food pathway. 

External exposure from trees and ground; 
Ingestion from forest food pathway. 

Scenario 1 b: Exposure due to recreation: . 

Evaluafion of Radiological Doses, /PEP db 

GENERAL CONCEPT 

Ass urn pt i o ns : 
r 

0 Essential part of radiological risk have been eliminated 
Economical and social contexts have changed 

0 Contamination has changed (fixation, penetration deep in soil, etc.) 
0 Long term consequences of t.he acci.dent affect more social and 

Approaches: 
Maximally exposed individual’s effective annual dose; 
Collective dose to forestry personnel, residents; and power plant staff 

economic sectors, 

during operational time 

To-Date Infrastruction for Biomass-to-Energy 
Conversion in Belarus 

A. Greb-enkov 
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CON-9-A Til 

in ndoctive sone 

33663 childm 
in ndioctiue zone Conlamination den-@ (Cs 137) 

17 1-5 
1-7-7 5-15 

To-Date Infrastruction for Biomass-to-Energy 
Conversion in Belarus 

A. Grebenkov 
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3 
Phytoremediation projects, /PEP 

MAIN RESULTS: 

Sallex (four species): 
Accumulation coefficient = 0.405 (137Cs); 

0 First year harvest yeild = 1.4 kg/m2 
Brassica juncea and Ammaranthus retroflexus: 

Accumulation coefficient = 0.27 
First year harvest yeild = 0.12 kg/m2 

Sa khal in buckwheat: 
Accumulation coefficient = 2.63 (137Cs) and 0.24 ("St-); 

and 31.2 (gost-); 

2)J 
Phytoremediation projects, /PEP e@ 

PLOT DESCRIPTION: 

Sallex (four species): 
0 Soddy-podzolic sandy soil on glacial associated sand superseded 

Peaty-marsh soil of lowland type on medium-thick. well decomposed 

Brassica juncea and Ammaranthus re fro flexus: 
Soddy-podzolic, loose loamy sandy soil on glacial associated sand 
superseded with loose sand, 0.2 ha ,  June 1997 

Sa khaf in buckwheat: 
Soddy-podzolic gleic, on glacial associated sand superseded with 

. 

with loose sand, 0.5 ha, April 1997; 

sedge-reed-woody peat, 0.5 ha, April 1997 

alluvial sand, 0.2 ha, June 1997 

To-Date Infrastruction for Biomass-to-Energy 
Conversion in Belarus 

A. Greb-enkov 
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I . . '  RADIOACTKVE WA- M A N A G E ~ T A H D  WO~RRHEALTH 1 
Basic Principres in Providing Radiation Safe@ in the Exclusion Zone 

V.N. ?Ya.nshh 
State Enterprise of Regional Environmental Monitoring and Dosimetry Control (DP 
RADEK), Chornobyl 

ABSTRACT 

The system of dosimetry control on the territory of the Chornobyl Zone was characterized. A 
system was presented for dividing the territory of the Chornobyl Zone into zones with varying 
radiation situations. Requirements for radiation safety in each of these zones and methods for 
providing this sdety.were described. 
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l'vl.ATEPIlklIbI y[EPHOIibIJIbCKOTO C E m A  IIO BOCCT'AHOBTLEHHIO IIPU IIOMOIUH P A m H 0 C I U . H  IE'EOEF'A30BAHEW 
WOMACCbI B 3HEPlTiIO 

Ocnosnbie lI,punqunbi OGecneuenrur Paduaquonnoii Saonacnocmu B sone Omymcdenrur 
JxHIlIHR B.H. 
rocpapmemoe npecuIpEIRi.He pemoaamaoro MOHF~TOP- o~p-me% cpem E 

~03me~pmsec~oro KOE~IPONI d?ii,@%)), r. Y e p ~ 0 6 m  

BseAeHHe ~ O H W H O ~ T E  Teppmopm SOFIX o m p a e m  omegaeT OCHOBHHM pa~~amiomo-  
rmmeBE.fsecmm npnzrmir~a~ o p ~ x ~ i ~ 3 3 a a ~ ~  p a 6 m  c P~AEO~KMSH~IMEI BerqemaMH E ~ O ~ B O N I ~ T  

YA- Meponpmmm no 06ec11ese~mo ~~AET~.ITEOHHO% 6e30nac~oc~~ nepcoHua; a m e  
npemmym TexHoreHHoq pacnrpocrpmeHmo P~AEO~KTEBH-SJIX 3 a r p x 3 ~ e ~ ~ G  mc B H ~ ~ E  30m, 

T ~ K  k~ 3a ee npeAem. 

~ O H F X ~ O B ~ H E ~  Teppmopm ocynTemAeHo c ~ X O M  npeo6~a~a104~x BEAOB I I ~ O E ~ B O A ~ ~ ,  M e a  
HX pacnoAoxemm. 

2 3 o ~ a  (6y@ep~an) Bmyaer Teppmopmo OT rp- 10 KM 30m AO BH~IIIHEX rp- 3ow1 
oTsJTHc4eHIiuI. Bo B T O P O ~  3 o ~ e  BeAercx p w - o h  K O H T ~ O ~ ~  3a Y ~ O B H ~ M H  paAzzoamzmHoro 
3arpx3~e~a.n ~ O H ~ B O A C T B ~ H H ~ L K ,  a,wzimicTpaTHs'wnr 3 ~ d ,  coopyxemti, pacnoAoxcemmx B 
HHX pa6om-x Mea. 

Ocnosnaie 17punyunai 06ecneuenm Paduayuonnoi2 Eaonacnocmu B 3one Omqmcdenw 
ITnmnrr B.H. 
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n p e a s a p m w d  KOHT~OAI, B r.qep~o6me nepea norpp~oii E o ~ n p a ~ ~ o i i  B Memo Hamaqemm. 
npoxom 
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Xmmm B.H. 
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Data and Soil Chemism Models of Changes in the Bioavailability of Strontium and Cesium 
as a Function of Time aper Disposition 

Victor D o h  
Scientific-Production State Enterprise ((Vidrodzhenya), 
National Academy of Sciences of Ukraine 

Data and soil chemistry models of changess in the bioavailability of strontium and cesium as a 
function of time after disposition. Current models accurately predict the change in 
bioavailability of cesium and strontium as a function of time. Such information is important 
because it directly relates to the potential uptake of radionuclides into the food chain as well as 
into phytoremediation plants. By using the knowledge base already present, which includes 
detailed soils maps and detailed contamination maps the author could assist in the assessment of 
potential land uses within the CEZ as a function of time. Because the models contain 
physico/chemical variables, changes in phytoremediation potential can be assessed for different 
soil amendments such as watering, different forms of nitrogen, magnesium, etc. Additional 
model calibrations may be required for plants with more biologically active root zones than the 
typical forest trees or food plants that have already been studied. 

* 
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Preliminary Technical and Economic Feasibility Study of the Joint Project 
Vladimir Tokarevsky 
Technocentre, Ukraine 

ABSTRACT 

Enterprises of the Chornobyl Exclusion Zone annually consume 36 kWt hours of electrical 
power and 160,000 Kcals of fuel energy. The budget of Ukraine expends 18.4 million grivna 
annually on energy (about $10 million USD). 
Energy consumption in the Exclusion Zone in the upcoming years will increase for the following 
reasons: 1) the commissioning of Vektor complex (-15 million kWt hours and 4,000 Kcals); 2) 
commissioning of the Vektor-based Center for reprocessing and disposition of radwastes (about 
the same power consumption); 3) commissioning of plants for the remelting of contaminated 
metal (power requirements are now in the estimate stage); 4) support in the decommissioning of 
the Chornobyl NPP; and 5 )  implementation of the plan of basic measures at the Shelter Facility. 
Estimates of power consumption for the last two points have not been conducted. Finally, 40 % 
of all thermal energy in the Exclusion Zone comes from the Chornobyl NPP, where at this time 
power unit 3 is generating power. With its repair or shut-down, especially in the winter period, 
there will be a huge shortage in thermal energy. 

Thus, in order to perform Environmental Restoration procedures in the Exclusion Zone and to 
gather ahd dispose of radwastes, additional sources of thermal and electrical energy are required. 

The implementation of the joint project will make it possible to solve problems of thermal and 
electrical power supply to enterprises of the Exclusion Zone, considering the possible doubling 
of power consumption. 

When calculating economic indicators of the project, the following factors will be considered 1) 
in the first stage, radioactive timber biomass, stocks of which exceed 250,000 cubic meters, will 
be used as raw material; 2) as phytoremediation technology unfolds, new processes of the 
combined use of the entire biomass in the production of bioproducts, biofilters, and raw power 
will be developed; 3) the process of phytoremediation itself leads both to the production of 
renewable energy sources and to the return of cleaned lands for agricultural use. 

In the final analysis, the primary indicator will be the cost or clean-up of these lands, multiplied 
by the gains in time through accelerated phytoremediation. 

A factor of equal importance will be the lowering of the collective dose of the population of 
Ukraine through the 1owering.of the release of radionuclides beyond the boundaries of the 
Exclusion Zone. 
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MA’IZPMAJIbI %PHOI;bLn[bCKOTO CEMHHAPA IIO BOCCMHOBJEHHIO IipIl IIOMOIW% PACIRTEJEHOCM U IIF’EOEPA30BAHMK) 
6uOMACCbI B 3 H E P m  

I %COHOMHPECICHE E @BHAHCOBbIE IIOpGuoArT 1 
llpedsapumenbnsarr ~ ~ X H U K O - ~ K O H O M U Y ~ ~ K ~ ~ ~ ~  o yenua comecmHozo npoema 

B n a p w p  Torcapescw 
TemoqeHTp, YKpma 

Ilpepppmnm %pH06b1~1bCKOii 30m1 omyxnemui exerowo n o ~ p e 6 ~ m o ~  35 MJIH. KBT. gacoB 
~JI~KTPOSH~PI.HH H 160 =IC. ka .n  TemoBoii 3 ~ e p m .  €33 rocyaapmemoro 610~m3~a YKPSLHH~I 
Ha 3m qem pacxommcrr 18,4 MJIH. rpmem B roa (T. E. OKOJIO 10 MJIH. AonnapoB CILIA). 

3~eprono~pe611eme B 3 o ~ e  OTgYHcqeHHII ~‘6~1xm-e romI ~03pame-r no cJIe)lyIoIIJ.EM 

hn); 2) BBOA B ~ K C I L T I ~ ~ T ~ ~ H I ~  Ha 6a3e KomeKca “Bemop” JJempa nepepa6om H 
s a x o p o ~ e ~  PA0 (npmepHo TaKoe xe 3~epronoqe6ne~~e);  3) BBOA B 3~cn~rya~anmo 
IIpegnpmnm no nepemam sarpm~e~~ioro  MeTaTLlIa (3~eprono~pe6~1eme B aami~ oqem);  
4) 06ecneqeme npoqecca CHXTHX c ~ K C I I J I ~ ~ T ~ I ~ E ~  TA3C H 5)  peanmaqm I h m a  OCHOBH~M 
Meponpm-rzG Ha 06aerre “YKpbme”. O q e m  3~eprono~pe6nem no nocnemm p p y ~  
nyRKTaM He D P O B O m C b .  HaKoaeq, 40 % BC& TeILTIOBO8 3HepI’EE 30Ha OT9y>KHe= IIOJIyCIaeT 
OT ! ~ P H O ~ ~ I J I J ~ C K O ~ ~  A X ,  r A e  B HacTorrrqee Bpem ~b1pa6am1~ae~ s ~ e p m  EJIOK NC 3. I I ~ E  ero 
PeMOHTe EJDI OCTaHOBKe, O C O ~ ~ H H O  B 3& IIepEO,& B03HEKae-r 60mmoii A e @ m  TeElIOBO~ ‘ 
3Heprm.i. 

IIpB3KHaM: 1) BBOA B 3KCIIJJJTiTaqHK, KOMIIJIeKCa “Berrop” (- 15 MJIH. &T. Sac E 4,O TbIC. 

TaKXM 06pa30~, JIJH BbIlIOWeHEIII pa60~ B 3 0 ~ e  oT9y>KHeHEsf CO JIOKalIE3XI,EE IIOCJIeACTB& 
aBapm, no c6opy k~ 3 a x o p o ~ e m  p ~ o a ~ ~ ~ s ~ b n r  OT~OAOB ~pe6yfo~cx AononHETemmIe 
FICTO~HHK~I TemoBoii EI ~ne~crpmec~oii 3 ~ e p r ~ ~ .  

PeamnaqkuI CoBMeworo npoema IIO~BOJIET pemnb np06~1em1 Temo- H 3~1e1crpoc~a6xemui 
npeFplpiimi2 3 0 ~ 1  omyx,qemm c ~ X O M  BO~MOXCHO~O y m o e m  3~eprono~pe6~1e~Ex. 

T~KHM xe no BCUKHOCTE +~KTOPOM 6y~e-r p e s m e m e  KomeIcniBHoii A O ~ M  Hacenem 
YK~SLHH~I 3a cwr pemmemui Bbmoca p a p a o ~ y ~ o n w o ~  38 npenem 3os1 omyxc,qem. 
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