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V.G. Khlopin Radium Institute (KRI)
study of radioactive materials since 1922

at present time KRI is a research institute of Russian State Corporation for Atomic Energy (ROSATOM) "

First European cyclotron built in 1937

First sample of Soviet Pu, obtained in 1945

Industrial Soviet technology of Pu extraction 1945-1949
Chernobyl investigation 1986-1992 (and present time)

Uni que collection of Chernobyl n |
available for international research and training

Hot-cell facility for research using any kind of spent nuclear fuel and
liquid HLW

Study of actinide-doped ceramics and HLW glasses
Production of isotopes
Radio-ecological monitoring

Applied training of international young scientists in the field of
nuclear waste management




V.G. Khlopin Radium Institute (KRI)
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Borosilicate glass

d d with Pu-238
Solution of PuClI3 oped with Pu

Radiation damage effects in
zircon crystal doped with Pu-238
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Background
general information

About 3.5 wt.% spent fuel was ejected from the core [1,2]

About 50 kg Pu was spread in European part of USSR [4]
(it means 6 wt. % of t ot @nit)

More than 90 wt. % f uel | S
this information is controversial

Atleast11-15 wt . % f uel (1 nsi de
i | a v abat this mfprimation is controversial

Pu of C
| n dut d e
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Background
basic glossary

ACher nobydiitish e esulaof high-temperature
Interaction between destroyed fuel (including corium),
Zr-cladding and silicate materials (concrete, sand,
serpentinite) i can be called silicate-rich corium

A Chernobyl corium i melted fuel-containing material,
which does not have silicate matrix

ACher nobyl iih oita highly radicaative e s
solid particles from | ess
size

Note: Chernobyl hot particles usually contain U but not always!
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Chernobylstirleaavha oc al | e d NEIl ep

gamma-doze on the surface of nEl ephant f oo
and gamma-radiation field in the room was 6-7 Sv/h
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Background
general information

Al nitial mechanical durabil it
high. Shooting by machine-gun AK-47 was applied to break
AEl ephant footo matrix and c

A Essential decrease of mechanical durability and even self-
destruction of nAlavao matric

AChemical alteration of @l ava
199071 f or mati on of nyell ow st ai
uranium minerals (uranyl-phases) [9]
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New-formed yellow minerals at the surface of
Chernobyl nlavao, 19§

13



Samples of Chernobyl
collection of V.G. Khlopin Radium Institute

AMost samples of @Al avao wer e
locations in 1990 using hands and hammer only. All
people involved into sampling were over irradiated

ASome pieces of f@dlavao (doze
partially dissolved in HF in order to extract inclusions of
different uranium-bearing phases
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Formation and stratification of ge
(between 5" and 10" day after explosion at 4™ Unit)
hypothesis

Black lava
(main volume)

Brown lava

concrete /<

molten steel
enriched with Ru-106

concrete
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Questions and expectations related to F-1

A Can we expect formation of fil a v(silidate-rich corium)
at Fukushima Daiichi F-1? Yes, of course! The probability of fuel
and corium high-temperature interaction with concrete at F-1 is very
high (in particular at Unit-3)

A Will composition of F u k u s h ifi i@ d@e Smilar to Chernobyl
Al avla general yes. However, there was no time for il av a
stratification at F-1. Volume of n | a at B-Dshould be less.

A What is main difference between Chernobyl fi | a and @xpected

Nl aatBD? As assumed, there should be three main differences:
1) Chernobylin | aareanuch more homogeneous;

2) Chemical alteration of F u k u s h i Ima (@ssaoresult of interaction
with water) should be extremely high;

3) i L a atdJoit-3 of F-1 may contain inclusions of Pu-phases
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Current study of highly radioactive Chernobyl
samples T what for?

A Transfer of experience to young scientists
A Tutorials on material science of highly radioactive solids

A Modeling of severe nuclear accidents and corium
behavior

AModel ing of properties of F
AChernobyl @Al avaodo as anal ogu

A New-formed artificial unstable radioactive phases as a
resul t of corium and Al avabo

A New-formed very stable crystalline radioactive phases
(i nclusions Iin the Alavao m
host-phases of radionuclides
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Sampl es of Dbilnakl ke pihl aanvta of 0 C

collection of V.G. Khlopin Radium Institute
samples were collected in 1990 and stored at KRI under laboratory conditions

partial self-destruction was observed for some pieces in 2011 (picture 4).
photo by V. Zirlin and B. Burakov
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Sampl es of bi fromnsteédn dascharge corridor

collection of V.G. Khlopin Radium Institute
samples were collected in 1990 and stored at KRI under laboratory conditions
pictures were taken in 2011 by V. Zirlin and B. Burakov
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Sampl es of bi rommrooml#230% a o

collection of V.G. Khlopin Radium Institute
sample was collected in 1990 and stored at KRI under laboratory conditions

pictures were taken in 2011 by V. Zirlin and B. Burakov

formation of secondary uranium minerals under laboratory conditions ?
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Some Chernobyl samples from KRI collection
have not been studied yet
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Sample of corium (fuel-steel melt) i from room #305

collection of V.G. Khlopin Radium Institute
sample was collected in 1990 and stored at KRI under laboratory conditions
picture was taken in 2011 by V. Zirlin and B. Burakov
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Sample of corium (fuel melt on the surface of steel pipe)
room #305

collection of V.G. Khlopin Radium Institute
sample was collected in 1990 and stored at KRI under laboratory conditions
picture was taken in 2011 by V. Zirlin and B. Burakov

4 cm




Sample of corium (fuel-steel melt) T near ANEI| ephce

collection of V.G. Khlopin Radium Institute
sample was collected in 1990 and stored at KRI under laboratory conditions
picture was taken in 2011 by V. Zirlin and B. Burakov
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Samples of Chernobyl n
collection of V.G. Khlopin Radium Institute

A Some particles were separated from soil samples
collected near 4™ Unit in 1986

A Most particles were separated from soil samples
collected at Western Plume (0.5-12 km from 4t Unit)
in 1990-1991

A Some fuel fragments and particles were collected
l nsi de nSarcophaguso i n 199
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nRed

f T opmestied farest died as a result of
Chernobyl fallout, June 1986

photo T courtesy of Dr. R.V. Arutyunyan (IBRAE, Russia)
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Collecting hot particles, 1990
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Separation of hot particles from soil sample [10]

at V.G. Khlopin Radium Institute T using collimated beta-gamma-detector

i N
il
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Chernobyl Nl av.

brief summary or the results obtained
at V.G. Khlopin Radium Institute
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| mages of polished nl aveée

1,21 in reflected light in optical microscope; 3,41 SEM-BSE
1,3ibrown Al avao from stddmadcdiksdhavage ¢ ool dd&Erk,e ph 3
from steam discharge corridor
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Chernobyl Al avao cor
silicate glass-like matrix + inclusions
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de

on June 2013 [12]

(recalculated for 26.04.1986) [3,7]

composition

Type of
nl av

Radionuclides, Bqg/g

ald’Cs

144Ce

154Eu

244Cm

241Am

239,240 py

238Pu

Black
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(2. 3

( 2 A)1

5A1C
0)
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Simplified bulk chemical composition (matrix + inclusions)

of Chernobyl Al avao
Type of Element content, wt. %
nl aviaa Zr Na Fe Mg Ca Si Al
Black | 4-5 | 2-6 | 2-10 | 0.3-6 | 1-5| 3-13 | 19-36 | 3-8
Brown | 8-7 | 5-6 4 1-2 4 5 31-33 | 4
Results of electron-probe microanalyses
ofglass-likesi | T cate matri x of
avoiding inclusions of crystalline phases [6,8]
Type of Element content, wt. %
nlav U Zr K Na| Fe Mg Ca Si Al
Black |2.7-4.0|3.1-3.7 |1.4-2.7|0.4| 0.3-6.7 | 1.2-3.2 | 5.1-7.2 | 28-37 | 2.7-4.4
Brown |2.0-2.4| 2.4-2.9|1.2-23]0.6|0.2-04 | 35-44 | 45-82| 37 |28-4.0
Porous| 2.9 4.0 23 05| 0.2 4.5 7.5 35 3.8
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Inclusionsi n matri ces of Chernok

very different phase and chemical compositions!
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|l ncl usi ons I n br own

(from steam discharge corridor)
1,27 in reflected light in optical microscope; 3,41 SEM-BSE

photo by Boris Burakov, 1990-1991
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|l ncl usi ons 1 n black and br
SEM-BSE

12ibl ack Al avao from stéelmamowmnsitilhavae ftoomi sdtoe am3

4ibl ack Al avao from AElIl ephant f oot
photo by Boris Burakov, 1990
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| ncl usions 1 n black and bDbr
(from steam discharge corridor)
SEM-BSE
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Crystals of high-uranium zircon, (Zr,U)SiO,,
are typical for all types

Up to 10 wt. % uranium was incorporated into the crystalline structure of
zircon in the form of solid solution !
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High-uranium zircon, (Zr,u)SiO,, fr om Cher no
crystals were extracted after part.

photo by Boris Burakov, 1990
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