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management
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Pa3pynieHue CTAJIbHbIX M 0€TOHHBLIX KOHTEHHEPOB
Failure of steel and concrete containers

BrimnienaunBanne 0€TOHHOTO
KOHTEWHEepa T'PYHTOBBIMM BOJIaMU

Koppo3noHHOE pa3pylIeHUE CTAIbHbBIX
KOHTEWHEPOB

Failure concrete container due to

) Failure of steel containers due to corrosion
leaching by underground waters

INTERNATIONAL ATOMIC ENERGY AGENCY, Upgrading of near surface repositories for radioactive waste, Technical report series 433. —
IAEA, 2005. - 137 p.



bazoBbiil kKoHTeliHep KXC-02K
Base contalner KHS-02K
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ba3oBbiil kKoHTelHep KXC-02K
Base container KHS-02K

HasnaueHue

CO6op, TpaHCTIOPTHPOBAHUE,

xpaHeHue u 3axoponenune PAO I-i1 u

II-# rpynnel no CITOPO-85 (Hu3ko-
U CPEJIHEAaKTUBHBIE OTXO/IbI).

EmMkocTb, M3 0,2
Macca, kr 47
[Mepunon akcnnyatauyumu, 300

net (He meHee)

MexaHun4yeckmne cBomncTBa:

[MpoYHOCTL Ha

pacTsxeHve, MMa 190-210
Moaynb ynpyroctu, 2 5104
Mla

OTHOCUT. yanuHeHue, % 0,6

Function

Collection, transportation,

storage and

disposal of radioactive waste of the 1% and
2nd groups by sanitary regulations-85 (low

and intermediate waste)

Volume, m3 0,2
Net weight, kg 47
Operation life, years (no 300
less)

Mechanical properties:
Tensile strength, MPa 190-210
Modulus of elasticity, MPa 2,5x104
Elongation, % 0,6




PaagnmanmonHas CTOMKOCTh KOMIIO3UTA

Radiation stability of the composite

After irradiation
with dose greater than 100 times of

NMuTanimoHHOE 00TydYeHHE
¢ no30i1, 6bonee yem B 100 pa3

MIPEBBIIAKOIIEH 103y PU

xpaneHuu PAQO HuU3K0

the dose from storage of low and
intermediate waste during 300 years
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PaagnanmoHHo-3allIMTHBIE CBOMCTBA
Radiation-protective properties

MaccoBblit K03GGUIHMEHT Mass attenuation coefficient on
ocnabnenus Ha sHeprun ¥’Cs (660 energy 37Cs (660 keV)
keB)

0.1 0.1
0.08 0.08
0.06 - 0.06 -
0.04 - 0.04 -
0.02 - 0.02 -

Komnosut Cranb CeuHey Composite Steel Lead



XUMHYECKAsI U KOPPO3MOHHASA CTOMKOCTH KOMITO3UTA

O XonogHada cpena W[ opsyad cpena
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[lo pe3yibTaraM 3KCIUTyaTAllMA U3JEIWN B YCIOBUSIX COJHEYHOW paJiualliu,
KHCJIOPO/Ia, MOBBIIIEHHON BJIAXXKHOCTU W MPOMBIIIJICHHONW 3ara30BaHHOCTH Ha
npoTsikeHun 30-TH JIeT CIE0B KOPPO3UHU HE OOHAPYKEHO.

3aXOpOHEHHUE B MOPCKOM BOJI€ HA IPOTSHKCHUM IISATH JIET BBI3BAIIO CHHXKCHHE
IpeAeIOB MNPOYHOCTH Ha pacTsbkeHHe M cxkatue Ha 7...8 %, mMoayns
VNPVIoCTn - Ha 5...5.5 %.



Chemical and corrosion resistance of the composite

OCold media B Hotmedia

h' B S e )
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Mineral acids (low
concentrations)
Mineral acids (ave.
concentrations)
Mineral acids (high
concentrations)
Diluted organic acids
Organic acids insoluble
in vwater
Solutions of mineral
salts
Alkaline solutions
Solutions of oxidants
Mineral oils
Aliphatic solvents
Aromatic solvents
Aliphatic halogen
solvents

* Composite use under solar radiation, oxygen, increased humidity and industrial
gas-poluted conditions during 30 years revealed no traces of corrosion.

* Disposal in sea water for 5 years caused reduction of tensile and compression
strength less than 10%, modulus of elasticity - less than 6 %.



MoayJibHO€e XpaHUJIMIIE 0TX0A0B
Modular facility for storage of waste

V =40 m3
H = 5600 mm
d = 3400 mm
HUcTounuk 137Cs 0Co
(660 k2B) | (1210 x3B)
KpaTtHOCTB 1,74 1,37
oc1a0JieHus
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BapI/IaHTbI MOAYJ/JIbHBIX XPAHUJ/IHNII

Modular facility for storage of waste

IIPUIOBEPXHOCTHOE XPaHEHUE XpaHEHWE Ha TUIOMIAIKE



IlepcrieKTUBBI Pa3BUTHS TEXHOJOIMH s u3oaauuu PAO!
Future technology for radioactive waste management

1. HW3MmeHeHME KOHCTPYKUIMH KPBIIIKK C I1EJIbI0 YBEIUYCHUS
CKOPOCTH 3aKPbITUS-OTKPBITHUS
Modification of the cap design to provide fast opening or

$ closing

2. JlopaOoTka KOHCTPYKIIMOHHOTO MaTepuayia C IEIbI0 CHHXXCHUS
CTOMMOCTH KOHTEWHepa 0e3 HM3MEHEHUs SKCIUTyaTallmOHHBIX
CBOICTB
Modification of the constructional material to reduce cost of the
container without change of operational properties

2

1. Bblicokas yaoenbHas no macce pagvauynoHHas 3awmra
High mass specific radiation shielding

Kontelinep 6a3oBbiii 200 1
Base container 200 1

2. [ToBbILLEHHAA  XMMUYeckad  (KOPPO3MOHHaA) W
pagnaunoHHas CTOWKOCTb
Improved chemical (corrosion) and radiation resistance

3. [TOHMXEHHaa CTOUMOCTb MO CpaBHEHUD C 0a30BbIM
BapuaHTOM

Reduced cost in comparison with base container
Hogerii korTenep 200 n

i 4. HapexxHasa akcnnyaTtauma B TedeHue 300 net
New container 200 1 A yarau

Reliable operation within 300 years




HoBbIM MHOrOCNIOMHbLIN KOMMNO3ULMOHHBLIN MaTepuan
New multilayer composite

3awunTHOE NOKpbITHE Protective coating
OOuH 13 NONUMEPHLIX CIOEB One of the polymer layers
Cnon cTeknoTKaHu Glass-fabric layer
CoeguHeHue agresms - MeTan Junction adhesive - metal

OauvH n3 meTannMyeckmnx cnoes One of the metal layers
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HoBbl1 MHOFOCNOUHBbIM KOMNO3ULUOHHbIA MaTepuan

New multilayer composite

0.12

0 !
0.06 - i
0.04 - -
0.02 - '
0 - T T .

Cranb TuTaH AMIOMUHUMA beToH KomnosuT
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Maccoebli KoapPUUMEHT
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Steel Titanium  Aluminum Concrete Composite
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KaneHaapHbIn nrnaH npoekTa

DOK
dTa
o No HaumeHoBaHue 3Tana BbIMNOJIHEHU PesynbTar

14

Moandukaumsa n
nccrenosaHue u
KOHCTPYKLUMOHHOIO
MaTepuarna KoHTenHepa

KoHCTpyKTUBHasA u
2  TexHonormyeckasd
npopaboTKka KoHTenHepa

NcnbiTaHua m
3  cepTudmKauus
KOHTEenHepa

9 MmecsUeB

6 MecdLeB

9 MmecsUeB

KOMNO3nLUMOHHLIN MaTepuan c
BbICOKMMW yAenbHbIMU NO Macce
pagmaunoHHO-3aWNTHBIMMN
CBOMCTBaAMM, XMUMNYECKOMN U
pagnaunoHHON CTOMKOCTbIO

KoHCTpyKTOpCKasa AoKyMeHTauums
Ha KOHTENHEP, OMbITHbIN
TEXHOJI0rnm4ecKknm npouecc
N3roTOBJIEHNA KOHTENHEPA

CepTudumkaT COOTBETCTBUS,
naTeHT

OOwasn ctonmocTb paboT 6e3 yyera 3aTpaT Ha

U3roToBJieHMe ONbITHON NapTUU KOHTENHepPOB ANns 400 TbIC. gon.

cepTudmkaumm
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Planned schedule

Stage
m“

Research and modification
1 of the constructional 9 months
material of the container

Designing and technological

: 6 months
tryout of the container

Testing and certification of

: 9 months
the container

Total cost of the works without taking into consideration the

Composite material with increased
radiation shielding, chemical
resistance and radiation stability

Design documentation for
container, experimental technology
for container manufacture

Certificate of conformance, patent

400 000 USD

outlays for manufacture of containers’ batch for certification




TexXHUKO-3KOHOMHYECKOoe 000CHOBAHHUE
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MepecyeT Ansa xpaHeHuA
MporHo3npyembie BEINYNHDI
1 m3 oTxopoB
EmKoc Kon-Bo CtonmocTb
Bpems
MaTtepuan Tb Kon- . | nepeynakoB | xpaHeHua 1
. Mog. Macca | LeHa Ha4eXXHOoW
KOHTEeNHepa BO oK 3a 300 m3 3a 300
3Kcnayar.
ner ner*
A0,
m3 T Kr net pas non. CLUA
CLLA
Yrnep. ctanb KY-1 1 1 280 190 8 37,5 7500
KCTA-
Hep:.cTtanb 0 0,2 5 135 910 40 7.5 6825
CACZ
beTtoH-acbect /3 0,4 2,5 3000 330 20 15 4950
K3HL-
KameHb-6eToH 09 0,9 1,1 3600 1280 50 6 7680
K3HM-
Kene3obeToH 51 2,1 0,5 | 4200 360 20 15 5400
Creknonnacr. KXC-
0,2 5 250 4780 300 - 4780
moguduump. 02K

*0e3 yyeTa pacxonoB Ha BbiNOJIHEHUe pa60T no nepes3atapnBaHuUiIo



Technical and economic efficiency
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Calculation for storage

Predicted data
of 1 m3 waste
Number of | St t
Container Vol. , Reliable HIDEro orage £
, Mod. Num | Weigh , repackages for 1 m?
material Cost operation , ,
ber t , during 300 | during 300
time, years .
years years
m’ |items| kg USD years times USD
Carbon steel KU-1 | 1 280 200 8 37,5 7500
KSTA
Stainless steel 0 0,2 5 135 910 40 7.5 6825
C te- CACZ
Onerete 04 | 2,5 | 3000 | 330 20 15 4950
asbestos 2/3
KZNC
Stone-concrete 09 0,9 1,1 3600 1280 50 6 7680
KZNP
Steel-concrete 51 2,1 0,5 4200 360 20 15 5400
Fiber-gl KHS-
[DEr-glass 02 | 5 | 250 | 4780 300 i 4780
plastic modif. 02K

*without taking into consideration the expenses for repackage works
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CpeI[CTBa KOUVICKTUBHON 1 HHANBUAYAJBbHOMN 3AaIIINTbI

Radiation shield and personal protective equipment




KoMIo3MumoHHbIe MaTEepHaJIbI JJIS 3alIUThI POA
KOCMHYECKHUX ANNaparoB

Composite materials for satellite protection
OcHOBHBIE TPeOOBAHUS K MAaTEPHAJY:
Main requirements:

*JI0JDKEH OBITH 00Jiee A(PHEKTUBHBIM YE€M aTIOMUHUNA MPU PAaBHOMN
IMOBEPXHOCTHOM MJIOTHOCTH;

should be more effective than aluminum in case of the same
specific weight.
*JI0JKEH OBITH 00JIe€ JIETKMM YeM aJTFOMUHMH MPU PAaBHOM 3aIIUTHON
3(PPEKTUBHOCTH.
should be more lighter than aluminum in case of the same shielding
efficiency.
*JJOJKEH 00€CTIeUNTh YBEINUEHHUE CPOKa IKCILTyaTalliM CITyTHUKA HE
MeHee yem B 1,5 pasa.

must provide the increase of term of exploitation of satellite no less
than in 1,5 times

19
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(P PeKTUBHOCTDH NOIJIOMICHUS IHEPIUHU JJICKTPOHOB B 00pa3nax

110 OTHOILHEHHMIO K AJIIOMHUHHUIO
Absorbing efficiency of energy of electrons in specimens in
comparison with aluminum

{\ —e—Al
d ¢
[ Nodl 4 \
) I\
1"';' Nod40 * \
I No3
i * i

1,2 |-

L]
o

, M3B

NaJatoLLni SNEKTPOH
Total energy passed through the target,

1,0 [ . I . . . . I . . . . 1 . . . . L X4
0.3 0.4 0,5 0.6

normalized on one incident electron, MeV

CyMMapHas npoLle/as Yepes MULLEHb
3Heprus, HOPMUPOBaHHAA Ha OAMH

Maccosas ToNWMHa, r/cm?
Mass thickness, g/cm?

Ned — Onodaekc-09» ¢ yrierkanbio u Me (N =23,0%)
Ne27 — «Onodaexc-09» ¢ Me (N=43,3%)
Ne39 — «Imnodaexc-09» ¢ Me u Al O, (N =39,1%)
Ned40 — «Smnodaexc-09» ¢ Me n Al O, (N =33,3%)

Ned41 — «Onodaexc-09» ¢ Me n Al O, (N =15,2%)



Ocia0jieHue MOTOKA MPOTOHOB OJIM3KMMH 110
IMOBEPXHOCTHOM IMJIOTHOCTH CJOSAMH 3ALIUThI

IIPOTOHDbI

—O0— AMI6; tpaaummoHHbBIH
—O— JIHIIKM Ne3;

—4— JIHITKM No2;
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Hamu mapTHepsbl

HauunoHabHbIN HAYYHBIH HEHTP
«XapbKOBCKHH (PU3NKO-TEXHUYECKUIN HHCTUTYT>»

T'Il «I10 I0xHEN MAaUMHOCTPOUTEJNBHEM 3aBon M. A.M. MakapoBa»

KoHTaKTBI:

D,HeI'IpOI'IeTpOBCKMﬁ HauMOHarbHbIN YHNBepcutTetT UMeHU Onecs Fouqapa

49010, r. AHenponeTpoBCK, npocn. NarapuHa, 72 http.//www.dnu.dp.ud
Ten: +38(056) 374-98-07. E-mail: sinter@ukr.net

bnarogapto 3a BHUMaHue
Thank you for the attention
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