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Worldwide Nuclear Waste

N
* More than 400 nuclear reactors proc
16% of the world’s electricity

» A Light Water Reactor with an outp
MWe and an efficiency of 33% c

annually 25 tons of nuclear waste

* In the fission process over 300 1
formed (over 200 are radioactive a

hazard)




Waste Burning |

- Safe and economic permanent disp
radioactive waste 1s assuming mo
importance

- Plutonium available (2000):
-+ 500 t from reprocessing

- 200 t from the disma@em
(START treaties)
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Main elements present In

3 & heavy nuclei
Li | Be fission products
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HTR - |

Fule charge tube

HTR-10 (CHINA):
A typical pebble-bed HTR

Coarbon brick
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control rods
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Calculations Tt

~T

« MONTEBURNS neutronic code
« CARL2 code (Bateman'’s equations based
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CdN,= A N,dt - A, N,dt
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Analyzed Fuel Element




Reference Levels Eva

-

 In order to evaluate LOMBT (Level Of
Balancing Time) we need to state a refer

* Now, the reference level for radiotoxicity of

natural U in mines (LOM) could be consic
SV/Kgynat

e (@Great differences of U ore concentratio:

(e.g.: Cigar Lake, Canada: average 1:
found as high as 55% in some place

1S necessary to calculate a specific LO!
11 nt fuel compc




time (years) Source: http://www.cea.fr



HTR loaded with
w
« We initially explored symbiotic fuel ¢
current LWRSs with HTRS, 1n orde
Pu/Th ratios in the fuel

* So we analyzed First generation Pu
— Th+Pute based fuel (ratio 3/1)
— Th+Pute based fuel (ra@/ 1)
Th+Pufe blased fuel (;’iltio 1/1)




1
rTananaq
1

— ==k =-F-F % -4
==crer-rTEanne
1
1
“F=-F=-F+ -
| N S N N

———p=-p -
1
1
1
1

s TITTTrrTrTr T ananan
[
1

37117 years)

—k-l—td44+=-=-===
ebhalelddd Ll o m

==rTrTraaaTr-
——Fmlm A A At === =

(LOMBT

e
i R
[ P [

= ===

I
ime

12

mFMMMT === m== === == T T~ = === === T ===

—FHdA4+ - ===
B P
1
1
B P
[ T [ [ Y |

-FH4

- -
r
-

- -
- -

]
AS luonsalul) AlDIxoloIpe

W .
%]
T T I T romT TTT 1 T
Ul.- 1 1 1 1 ' 1 1 1
el 1 1 1 1 [ | 1 1 1 1
e r T =1 T ra=rT TTA =1 r
c 1 1 1 1 [ [ 1 1
] 1 1 1 1 LI I | 1 1 1 1
b 1 1 1 1 [ o 1 1
u 1 1 1 1 LI I | ™ 1 1 1 1
L L L [ P T ) Ld-t B FRra] e L
— F + + H-=-=--H+ FH-+ - + 4+ —---F
O F + + H-=-=--H+ FH-+ Hl + 4+ —---F
= — F + + H-=-=--H+ FH-+ - + 4+ —---F
d L Lebede e e el dad o - FRra] e L
1 1 1 TR [ 1 1
a T T-r=a~===nTrrra-r = TTA aTTrT T T
R L 1 ol daooodlLLL L 114 el o
1 ] [ 1 TR ] 1 1
1 1 [ 1 mree o Iy 1 1 1
| — r T T"r=a~=~==ATrerra=rT T Tt rT T
a 1 1 [ 1 mrrr o .-l 1 1 1
g 1 1 [ 1 mrrr o 1 1 1
O r T T-r-A----ATrrrAa--T = T a--r---4
1 1 [ 1 mrrr o m 1 1 1
R — 1 1 [ 1 1 [ 1 1 1
1 1 [ 1 mrre o 1 1 1
1 1 [ 1 mrrrr o 1 - 1 1 —
1 1 P 1 | I T | 1 1 1 =
=t L] (] — = o
— — — —
— — — —



HTR loaded wi
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Actinidesin HTF
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GCFR loaded with L

-

 Starting from the results on HTR, to close th
used GCFRs to burn MA (which are impo
to long term waste radiotoxic inventory) ,‘

* So we analyzed:

— Pu>¢ + MA + Pu deriving from HTR loadec
matrix (ratio PuuMA/U238 10/1/40)

— Pude + MA + Pu deriving from HTR loade
matrix (ratio Pu/MA/U238 10/1/40)

MA + Pu de?ing from HTR loaded wit

oderati



GCFR loaded with Pu
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MA in GC

Eurning Efficiency - Actinides




Summary of Obtaing

gPu \
a HTR | PuF¢/Th (1/1) 37982 | 60.16 GJ | 24.14¢

Case | Reactor Fuel LOMBT [y] Pu.

1mn

b HTR | Pufe/Th(1/2) | 37547 | 59.40 GJ

c HTR | PufyTh(1/3) | 37117 | 58.89 GJ

F 238
B Gerr | F “(fg\ﬁ%; 9204 | 154.44 GJ
PuSe/MA/U23% o

GCFR (10/1/40) 9310

- - -
Y :

155.26 C 35.8




Conclusions [ 1/-

\
« Using HTRs, we can burn Pu and redt
significantly the radiotoxic inventory
and not consuming energy .

 The LOMBTSs depend on the comy
the spent and the fresh fuel

» If we use ultra high burnup, the lor
adiotoxicity arises mainly from t
'm>* in the spent fuel (a single nucl

.




Conclusions [ 2/

+ An accurate choice of LWR — HTR —
integrated fuel cycles could be an 1my
on the way to solving the spent fuel prot

* Even if we have performed a lot of cz
the research 1s still in a prelimina

Therefore 1t 1s very important to ¢
esearches 1n order to ﬁ)lve these
lons for a \y’,deru e of nuclear e
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